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Avital mechanism for enhancing the conceptual design process
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The Conceptual design is not a linear process: it consists of stib-processes, levels
of refinement, which are individual but interact with each other. Each level of
refinement corresponds to the types of media ond tools used during concepiual
design. Architects ioke advantage of o broad palette of tools and media for design,
because each tool has its own strengihs and weaknesses and provides an addition-
al valwe—en added level of vision—to the arciritect. This closely relates o the no-
tion of Critical Paints for Change (CPC) a contribution this study makes towards
a better understanding of the unigueness of the conceptual design pracess. CPC
are crucial moments wien the architect suddenly becomes able to “see’ some-
thing whick drives him o go back and either alter his idea and refine it or reject it
and pursie a new one. They are crucial parts of the design process because they
are a vital mechanismi for enhancing design. This characteristic of the nature of
the conceptual design process is independent of the tovls, Nevertheless, the right
toels play an exwemely important role. The distinctive capabilities of each ool
allow the architect to deal successfully with CPC and overcome the poinls in the
desigrr process where he or she feels “stuck.”
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Introduction

A massive volume of research has focused on try-
ing to understand how designers perform design,
Researchers have approached the exploration of de-
sign activity through different research methods, in-
cluding protocal studies, intarviews, and simulation
trials. They all agree on the importance of the sketch
as the primary too! for developing design concepts,
stimulating thinking, performing design reasoning
activitias, and facilitating the architect’s conversa-
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tions with himself and others,

This paper seeks to shed light on how designers
perform conceptual design, by explaining the mech-
anism of the Critical Points for Change. The following
two short cases are part of a series of case studies
conducted as part of the doctoral study Conceptua!
Design Tools for Architects (Parthenios, 2005 at Har-
vard Graduate School of Design. They are included in
this paper not with the intention to propose a model
of the design process but in order to Hlustrate some
of the findings.
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Case Study A

in the first case study we can observe what tools the
architect and her team used to perform conceptual
design and why the design process is not linear,

Audrey, a senior architect in Stubbins Assodi-
ates, worked with two junior architects on a 6,000 v
research lab. She began with small sketches on her
sketchbook which analyzed and filtered the informa-
tion that the client had given. The first sketches were
very simple and represented the basic requirements
of the project. They inciuded thoughts, questions,
solutions, forms and ideas. Gradually these sketches
becarne geometric attempts to capture the main
concept and in the next stage they adopted a bigger,
commaon scale on tracing paper. The beauty of this
initial step of conceptual design lies in the freedom
and ambiguity that allow the archifect to address
anything she wants in no particular order or hierar-
chy {Figure 1)

When Audrey reached a concept that she be-
lieved had good potential, she asked her two team

2

members to take the space requirernants that the
client had given them in Excel spreadsheets, analyze
them and translate thern into geometry. This was
done in AutoCAD 20 with simple rectangles that
reprasented each rmodule and led into some primi-
tive plan layouts (Figure 2).

After accomplishing a satisfying layout of the
plans which matched the main idea in sketches,
Audrey wanted to see how that would leok in 30,
She let the two team members play individually in
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30 and explore & number of variations. They used  drey would often stop by, overlay a plece of tracing
Sketchlp to create simple digital 30 models. They  paper and sketch on them.

woukd print screenshots of the models, hang them At some point, and while presenting the digital
on the wall so that everyone on the team could ook 30 maodel to the board of her firm, Audrey realized
at them without necessarily having tomeet, and Au-  that “I knew what | wanted the building to do but
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it was not really doing it” While trying to discover
where the dissonance was, one of the teamn mem-
bers reminded Audrey of a sketch she had made a
few days ago and had left aside. It turned outto be a
more suitable solution which they developed further
and based their design on. Altering the main idea
meant that they had to go back and do the layout in
AtoCAD again, along with new sketches and new
digital 3D models. The satisfactory result of this pro-
cess progressed to the next level, which was building
a physical 3D modet (Figure 3).

The physical model gave Audrey an additional
teval of vision and allowed her to understand more
aspects of the design. "It is not the same as having
a picce there that you can break, stick things on, or
take them off; its not a tangible thing” The new ma-
dia triggered alterations which meant the architects
had to go back again and update the AutoCAD draw-
ings, the sketches and the digital 30 model.

Case Study 8
tn the second case study we can compare how the

same architect used different toob and media in
three projects and what the effect of that was on

each design.

Robert, a senior associate principal at KPF, de-
signed three office towers in Asia. His office works on
a comparative method during rhe conceptual design
stage {Figure 4}.

They usually generate 3 Jot of alternatives that
investigate formal characteristics, relationships of
the program components with one another, plan
tayouts, space efficiency and they come up with a
few favorable schemes that they present to the cli-
ent, Lately, the office has started to use the comput-
er more as 3 generative tool than just & deploying
tool. For alt three of the projects in this case study,
the goals and the starting point were quite similar.
Robert would start with some sketches in order to
explore an idea about the tower and its refationship
to the site and the program. Because the towers are
three-dimensional forms the goal is to get from that
sketch to a model where the tower can be seen in
three dimensions in relationship to its context. In
tower A ho computer tools were used for canceprual
design; in the next twe towers B and , computer
modeling in Rhino played a crucial role in helping
Robert and his team to explore a number of design
schemes (Figure 5).
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When Robert designed tower A in 2000, he
was nat using computers during conceptuzl
design so all the exploration was done through
sketches and physicel models. He started with
a few sketches, which were followed by hand
drawings, pencil on straight edge. These led to
whysical 3D models made out of paper which
were placed on the context model in order to
determine how the tower related to the site and
the surrounding buildings. During the explora-
tion the initial square plan view of the tower was
slightly deformed to get some directionality and
{ater the sharp corners where chamfered in order
to comply with the city regulations.

Tower B was the result of combination of the
contextual response to the sie and the mayors
interest in having an kkonic building that would
resernble a magnolia, the city flower of Shanghai,
Robert started with the idea of having the plant
form at the ground level, which would rotate as it
rose and this rotational aspect could give it some
organic feel. After a few sketches he used Rhino
to make a 3D model of the tower and capture the
form he liked. Moreover, he had just learned how
to use Rhino, and one of the first commands he
had learned was how to twist and also how to loft
a curve. “This initiaf scheme was very much o result
of playing with new software” For this project his
team used many small physical 30 models, initially
out of paper and iater out of resin (ZCorp directly
from Rhino).

in tower C we can see a wider variety of
tools and means deployed during conceptual
design and a more mature use of digitat tools
{Rhino). Robert and his team used sketches,
small physical 3D models out of clay and paper,
fhine for digital modelling and subsequently
ZCorp printed 3D models. They explored a large
number of alternatives using all of the above
means atthe same time, moving back and forth
between the tools and producing three differ-
ent complete scenarios which thay presented
to the client.
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Conceptual design process

The design process is open-ended and problems
and solutions cannot be clearly identified and sepa-
rated. This set of problems and sohutions cannot be
broken into parts that can be solved separately; it
has to be treated as a whale. Moreover, there is no
perfect, “right,” snlution, only preferred, better ones.
This means that the architect needs to be able to
decide when to stop exploring different ideas and
select ane to carry on into developrment as the main
concept. As we saw in Case Study A, during this hunt
for a better solution there are often back and forths,
switches between different media and tools, and
constant questioning of ideas through comparisons,
tests, and rejections, The conceptual design process
is not linear.

Since there is no one “right” solution, but only
better ones, there is also no panaces or set of meth-
odologies for approaching concaptual design. Ber-
nard Tschumi, in another case study not included in
this paper, believes that an architect can use differ-
ent strategies in every project and cannot prascribe
which the right one is. On some projects he would
explors all the possible permutations and then se-
lect the most appropriate; on some others he would
fook at the site and the restrictions of the project and
simply conceive the main idea. On some projects he
believes that computer tools are crucial in helping
develop the concept {Museum of a0 Paclo) and on
saome others not at all {New Acropolis Museurn),

Furthermore, according to the data gathered
from 242 architects who participated in the Survey
for Tools for Conceptual Design® (Parthenios, 2005},
most of the architects tend to explore two to three
ideas before they choose the “one” and move on
to design development. What Is interesting is that,
contrary to what one would expect, the more expe-

T The survey was conducied onfine between 31/21/04 and
02/18/04.11 was open 1o sryone who wanted o participate
and was adverlised through web forums and email mes.
sages. The 241 parlicipants were archilects who are com-
futer uses,



rienced someone is, the fewer ideas ha/she tends 1o
explore. In fact, the Survey reveals that senior archi-
tects tend to explore fewer ideas than the drafters
of interns in offices. Also, contrary to common logic,
exploring more ideas does not necessarily mean that
conceptual design takes a larger proportion of the
total design time: architects who explore four to five
ideas spend less time on conceptual design than
those who explore two 10 three ideas. However, no
ratter how many ideas the architects explore, they
do often feel the need to go back and revise their
design {as Audrey did in Case Study A). In addition,
switching between different media and tools creates
loss and duplication of information and forces them
1o re- enter information; nevertheless, they choose 1o
do it even if that causes delays,

Comparative method

One of the most common practices in conceptual
design i3 the comparative method. As we saw in
Case Study B, the architect creates many alternatives
in order to be able to compare, reject, and select. 1t
is easier for the human mind to sefect one solution
arnong others than to conceive of it originally and
directly. This preference is similar to the following
problem: when given a straight line and asked to
mark an eigghth of its length, it is easier to divide itin
half, then divide the remaining length in half and the
rermainder in haif again. The mingd works better when
comparing than when calculating.

Marples argues that the nature of a design prob-
fem can only be discovered through examining
proposed solutions {Marples, 1961). He argues that
if we examing only one proposal we end up with a
very biased view. We need at least two radically dif-
ferent solutions in order o compare them and geta
clear picture of the "real nature” of the problem. hi-
gel Cross agrees that even a conjectured sofution is
critical because it helps the architect understand the
design problem. Generating a variety of solutions is
a method of problem analysis {Cross, 1990}, Hand
drawn sketches have traditionally been the primary

ol for design exploration and experimentation.
Sketches not only allow the architect to visualise his
or her thoughts; they also provide valuable feedback
and facilitate 3 constructive dialogue between the
architect and his or her ideas. John Gero stresses the
importance of hand drawn sketches as a means of
review: architects generate more meanings when re-
vising their sketches than when drawing them (Gero
et al, 2001} Architects have recently discovered the
potential that certain computational taols have in
helping them™tal” with their designs, in order to ex
plore, play, be surprised, get inspired, meet the unex-
pected, judge, compare, refing, reject and select.

A tool for conceptual design must facilitate
the need for comparisons, as an essential element
of design thinking, desian reasoning, and problem
solving.

Sub Processas - Levels of Refinement

Conceptual design is not a linear process. It consists
of sub-processes which are individual but interact
with each other. Each sub-process has its own urique
value and grants the architect an additional level of
vision, The sub-processes correspond to the types of
media and ools used during conceptual design.

For example, in Case Study A we can distinguish
four separate sub-processes, which play a valushle
role during decision making: a) sketching; b) 2D CALD;
<} 3D digital modeling and d} 30 physical modeling
{Figure &)

in this example, only whan Audrey used a digital
30 model was she able to see an aspect of the design
—whith sketches and 2D CAD could not reveal- and
decide that she had to go back and change the main
idea. Going back entails a manual update of the
design with new sketches and new CAD drawings.
Similarly, only when the architects huilt a physicat 30
model were they able to see another aspect of their
design that needed to be altered; they decided to go
back again and rmake the appropriate changes. Then
agam they had to re-input information in new CAD
drawings, a new digital 30 model, and new skatches
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Critical Poimt for Change
{Figure 1)

These sub-processes operate as levels of refine-
ment for the conceptual design process. Each level
functions as a filter for narrowing down the number
of explored alternatives, The tools used in Case Study
B define four levels of refinement: a) simple sketches;
b} rough small paper 30D models; ¢} digital 3D models
in Rhino; and d) printed 30 models (ZCorp) (Figure
7.

Robert utilized only the frst two levels in Tower
A since he was not using compuiers at that gme. The
result was a simpler design based on an extrusion of
a skewed square. No one can claim that the designs
of Towers B and {, which exploited four levels of re-
finement, are better, because what is befter design?
What we can observe though is that the added lev-
als provided the platform for more exploration and
allowed the architect to investigate forms which he
could not have done ~and he did not do- by hand.

1
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Additionally, in Case Study B we encountered an
example of how the selection of tools affects the de
sign outcome. Robert arrived at the design of Tower
8 because of the particular command of the soft
ware he was using. Software tools are not innocem
anymore, Undoubtedly proficiency with software
reduces the effect oh design solutions.

Critical Points fer Change

The levels of refinement are closely intetrelated to
the notion of Critical Points for Chonge. These are
moments when the architect "sees” something that
drivas him to go back and either alter his idea or start
with a new one {as it was clearly illustrated in Case
Study A). They are crucial parts of the design process
because they are a vital mechanism for enhancing
design. They either trigger alterations that refine the
design solution or provoke the architect to reject the

Fraure &
Sub Procesiay g Cridice!
Painty fior Chame {TPC)
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A simple small sketches

B rough smali paper 3D models

(C digital 3D models in Rhino

D printed 30 moedels {ZCorp)

idea and pursue a better one.

Often a new leve! of refinement would provoke
a CPC. Through the help of a new tool, the architect
becomes able to "see” something that was not visible
before and can decide to go back and a) alter the de-
sign idea, by abandon it and begin from scratch, or ¢
abandon it and pick an kiga that had been discard:
ed or left "inactive”. Moreover half of the architects
who participated in the Survey on Toals for Concep-
tual Design Parthenios, 2005) reporied that several
times they had changed their minds and that they
went back even if they had proceeded to the design
development stage.

Even though CPC might ook like irregutarities
that make the conceptual design process inefficient,
the fruth is that they are absolutely necessary for 3
creative, gendine course of design exploration. Be-
sides, the desired outcome does not emerge on the
first try. Architects need to explore a number of ideas
until they can choose the pptimal ore.

Tools for canceptual design should not attermpt

to disquise or underestimate the Critical Points for
Change. To the contrary, the tocls should assist the
architect during CPC cases in six ways:

a) Reveal CPC cases earlier in the process.

b Provoke the emergence of more CPC cases.

o} Encourage deeper exploration of each alterna-
tive by offering additionallevels of vision and under-
standing,

oy Support the architect in the dilemma of
whether to alter an idea or abandon it and start
again from scratch,

&) Organize all the different ideas and present a
broad palette of them.

£} Integrate the different media and tools in o
der to reduce the inefficiencies that CPC causes.
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