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Implementing and assessing the hybrid ideation spac

a cognitive artefact for conceptual design

Tomas Dorta*
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Actual 3D modelling tools and virtual reality syste are affecting creativity during the early stages
of the design process. They are often used as coivation tools (passive) rather than ideation
tools (active) because of their interface complexkmong other reasons, this is due to abstract
commands that demand precision in the executionanweys suggest inconsistent default values.
This situation is hindering the representationaheersation and cognitive artefacts during the de-
sign process. Being adapted to this task, ideasastill being done through analogue tools such as
sketches and physical models, which are direct whygpresentation with the ambiguity, inaccu-
racy and abstraction of their intuitive depictiorihis paper presents the implementation and evalua-
tion of a new innovative system: the Hybrid Ideat®pace. This system allows users to sketch and
make models all around them in real-time and inesesing a digital tablet and an immersive pro-
jection device.

Keywords: ideation; immersive sketching, immersimedel making; design cognition; human-
computer interaction.

1 Detours of Technology in Design

In order to express a thought, we need direct adlarto let our mind exteriorize
it. We use gestures, verbal, graphical and physemaesentations, and with lan-
guage, we can give a specific meaning. The beteemaster the use of these
channels and language, the better we express eas.idDuring design, we also
need to master straight channels to express dategs. Graphical and physical
representations have always been the channelidi@éd designers to express
and exteriorize concepts, and the computer is eclenblogy intended to refine
or assist them.

The problem is that technology has made desigress the directness of the
mind, expressed through words and gestures wheagargyin “design think-
ing”, forcing the mind to focus on the tool as awchel rather than on the design
itself. In addition, we must consider that humareslenited in their information-
processing capacity to allow desiyin order to respect its logic and accuracy
(or computer languagejhe discourse of current human computer interfalees
mands designers to feed the system with informatanis not even figured out
in the designers’ mental images. Interfaces aregdhbr their own data without
considering the designer’'s expectations and urio&ga regarding the project
itself> Some computer interface commands have so manpmreptions about
how the design process should be that they afferisibn-making and ultimately
limit the use of computers to a passive role. &f@e, computers have become,
in practice, an instrument of rhetoric instead e$idn, developing and commu-
nicating in their own particular ways ideas coneéiwsing more traditional, di-
rect and intuitive channels: analogue freehandckkst and manual physical
models.
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The time spent by users configuring and dealindwidbmputer requirements
also deters them away from design thinking to dlgiepresentational or pro-
gramming model thinking. Again, this eventually dsadesigners to opt for
other, more traditional tools for ideation. Evereaplized users can find ana-
logue design tools more efficient and intuitive wheking on this important task
of the design process. In addition, designers wigonmt computer specialists
will never become so, since they don't believe thély be able to design with
them but rather use them just to represent or camuate their ideas.

How many error messages can we try to understagits that we need to input,
syntax to respect, trials and errors, “do” and ‘ainh achieve a digital represen-
tation consistent with our mental image? The titrakes to forget it or to stop
the creative flow, as when we stop writing a poesoduse our pen is empty. As
analogue design tools, we need digital instrumémds can at lease respect the
way we design and how abstract, ambiguous and umats; vague design ideas
are in the designer’ mind before they can be extieed? ° especially during
ideation in several design disciplines like arattitee, interior and industrial de-
sign® CAD research has proposed several ways in whiclséothe computer in
design, but in practice, they are not being usad)ypbecause research software
has not been commercialized yet, partly becaussetkelutions are so compli-
cated or so abstracts that they fall short of theps they were intended for.
Computers are aiding in technical drafting, phatbstic renderings and presen-
tations, detail development, accuracy, data managgneonstruction informa-
tion, selling ideas or convincing clients, but, #iney used to make better de-
signs?

2 What Happened with Ideation in CAD?

In the beginning of CAD, the “D” stood for “draftfy, for it was designed spe-
cifically to help in the creation of technical driags. Later, CAD, or Computer
Aided Design, became CDD or CCD (Developing or Camimating Design),
because only already existing designs made usiatpgue intuitive tools could
fit the requirements of the system. In design,ehera gap before resorting to
CAD, and this step has been done using the sardéidgreal techniques used
since the Renaissance. Physical models and frdeslegtches allow the de-
signer to make ideation easily, but they have sgwdmawbacks® that consume
time, present deformations, scale and proportionblpms, and are difficult to
transform. Even further in the process, designess these traditional tools to
modify their ideas before starting the complex psscof altering the 3D model,
because it is governed by technology and it haswts language.

Ideation is not made in CAD because these systeenslestined for computer
specialists, draftsmen or modelling operators adtef design specialists. In
fact, this situation is also due to the fact thamne CAD systems came from
other disciplines or were conceived for other tatke engineering, manufactur-
ing, animation or film making, that are well adapfer later steps of the design
process. This represents a challenge for desigirere the complexity of the in-
terface imposes a different logicjoser to computer programming, on their way
of working, even with actual GUIs.

Approaches of generative geometry have been prdpiosedeation:® ** How-
ever, this paradigm calls for savvy users thathi end, become passive, ran-



International Journal of Design Sciences and Tedbgy Volume 14 Number 2 (2007) ISSN 1630-7267 121

12 schén, D.A (1983)  domly inspired by computer solutions. In addititmey are making abstract pro-
:2?_ rﬁﬂvef“vfofgéifé'ﬁ'f" gramming to graphically represent ideas proposethbysystem. This is like a
think in aftion, Bas One-way reflective conversatidﬁ,a monologue by the computer. It is not be-
Books, New York cause forms seem new, dynamic or interesting, Weattan consider them as
13 Marshall,  T.B. good design. Only if they are governed by the desig principles, and the
(1992). The Computer  npeads of space and function are considered in $w®stons, could they be rele-
Graphic Medium in Con- . . P d still. i
ceptual Design. Proceed- Vant. Are we now proposing a CID or Compute.r I.rmmDesgn. An. still, is
ings of the ACADIA Con- this meant for regular designers or for computecipists? Who does ideation?
ference, Computer sup-

ported design in architec- ; inD
wre, Mission, Mthod 3 Communicate or Design*~

Madness, Association f Early in CAD research, a dis'ginct.ion had been rnanimcernir'lg ideati.on as an
ComputerAided Desigi  active process and communication as a passive tagrding desiglt Of

in Architecture, 39-47 course, these elements are themselves relate¢c@mdpunicating between one-
e Schon, D.A.(1983)  gelf and others is important during design. But fdmideas arise and what are
15 Visser, W. (2006) the processes that rule c.reat.ivit)/? We need r@fl@e@mmunication tools as di-

The Cognitive Artifacts ¢~ rect channels of expression in order to be activéesign. When these tools are
Designing, Lawrence Erl- affecting this directness, we only communicateemresent partial ideas in a lim-
baum Associates, Mah- ; ; e A i :

wah ited way, and we become passive vis-a-vis design.

16 Bilda, Z.,andGero, 3. N pract_ice, computers had ipadequately takenp@iﬂsive role during the proc-
S. (2005). Do We Nee ess, being generally very active in the final stdyesng reserved for the realiza-
CAD duing Conceptu:  tion of construction documents and presentatioimfofmation. Active reflective

Design? Proceedings ; ; i ;
the CAAD Futures Gon- tasks in design were mostly reserved for tradifiamalogue manual actions.

ference, Computer Aid
Architectural Design Fu- 4 Cognitive Artefacts
tures, Vienna, 155-164 Reflective materials as direct channels to expigsas are essential in design.
(127000'3)0"“:;1{;5‘?; ;‘l' Tools that permit unintended changes (talk-bacggphical or physical, can
relations among desi N€lp and stimulate reflection and engage “convimsatvith the idea to achieve
drawings. Design Studic  better ideatiort! The construction of internal or external repreatians with
21:5, 483-503 these kinds of materials and tools among otheritiwgractivities are considered
13'3‘&;\”9 3.& Norman, 88 cognitive artefacts of desighThey allow dialogue with mental images being
D.A. (1994). Representa- directly exteriorized, and making design decisions.
tions in distributed cogni- Even if we do not need to exteriorize mental repnéstions for simple geometry
tive tasks, Cognitive Sci- in order to understand or modify théfnadapted visualization tools are needed
Sgce\’,ilsig?7'1ﬁ2 (2006) for complex shapes and configurations. Externatesgntations enable opera-
ibid. o tions on themselves that are more difficult or irsgible to perform on internal
21 Schén, D.A.(1987) ones and this facilitates the discovery or explorabf alternatives’ Just by
Educating the reflecth  juxtaposing various drawings and mock-ups, desgynempare different possi-
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ence to mentally visualize and resolve design mols| these cognitive artefacts
are essential to the ideation process. Furthernamenrding to Zhang and Nor-
man’® external representations activate perceptual peese whereas internal
representations usually activate cognitive proces@ae type of internal repre-
sentations is “percepts” that are mental repretentaresulting from percep-
tion.?° In addition, making ideation in a collaborativesigm team demands cog-
nitive artefacts adapted to different visualizatadsilities, and pre-acquired rep-
resentational skills so as to use these artefatitsely and intuitively.
The above can enable designers to take decisionsitti” directly in front of
their ideas, as knowing-in-action described by $¢héand respond to the prob-
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lem through improvisation by reflection-in-actiéh.

5 Augment Instead of Imitate: Hybrid Techniques

Several digital tools imitating traditional desigmols transform the computer
into a “funnel” for design information treatmentné as mentioned before, de-
spite the advantages offered by the machine, huctamputer interface ap-
proaches are not well adapted for ideation. Thenrgaal of hybrid (analog and
digital) design tools is to take advantage of eacide and not only transit in one
direction: towards digital. In this way, designarel computers can treat design
information when and where they are most competent.

Moreover, considering the advantages of traditidonals as cognitive artefacts
of design, one approach will enable computers tprave traditional tools, in-
stead of simulating or imitating them. Neither skstlike renderings made from
accurate primitives, nor perfect rapid prototypbare the same advantages of
cognitive artefacts as real freehand sketchesugirthandmade physical models.
However, computers can immerse us into representativhile avoiding scale
and proportion problems. What's more, performaragabilities can be used for
real-time execution, where digital information ipptied to transformations,
undo, copy and paste capabilities, difficult toiagk with manual instruments.
Several hybrid processes and techniques have brepoged to merge digital
and analogue conception tools for use in de¥igh.>> These solutions range
from 3D scanning preliminary scale models and ottegictions during the de-
sign process, to digitalizing handmade sketchdsetased as input for the sys-
tem (as digital sketches or triggering commar8®)*° In many cases, manual
actions have been acknowledged in interface ddsigtheir relevance on “psy-
chomotor perception” and their intuitivenéss.We, however, have taken an-
other approach to hybrid design techniques in desig

In order to avoid the funnel effect of digital ssts during the design process,
we foresee hybrid techniques which take the infeionaout of the system so as
to treat it with the skills and abilities alreadggsessed by the user, and then put
it back into the system so as to take advantages afigital capabilities. It is a
continuous back-and-forth between analogue andafligtalms, where actions
are integrated into each representation. Whilesuaiend to the limits of one
mode, they choose the more adapted one to reprasdrgolve the design prob-
lem. As a consequence, traditional manual analogols are augmented by the
power of the system and not only re-presented @aied, giving another kind of
hybrid design tools.

5.1 Drafted Virtual Reality (DVR)

We started with the DVR technigtewhere the designer can use non-immersive
virtual reality techniques to be inside a virtuavieonment modelled and ren-
dered using freehand sketches. The DVR technigga®dy using basic mod-
elled shapes (primitives) to represent proportiongeferential elements to allow
the computer to build a cylindrical 360° panoraggiaphical template that serves
to be sketched over. A custom or a generic tempkdethose used to draw
axonometric or perspectives can be printed ouetavbrked with different free-
hand techniques, better mastered by the user.printed template can also be
sketched over directly using a digital tablet. Suheently, the panoramic sketch
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is corrected in a normal perspective using QTVR/jrwas result that the com-
puter screen becomes a window to a manually sketeineial world (See Table
1).

5.2 Immersed Drafted Virtual Reality (iDVR)

Subsequently, we proposed an immersive versioheoDVR techniqué® where
the user can sketch all around him/her in real timé at normal scale. This time,
starting from some basic shapes or a grid, theesygtroposes a spherical 360°
panoramic graphical template using a rendered atéfte sphere inside a wire-
frame or shaded 3D model. This template is theplayed in a spherical immer-
sive projection system like the Panoscdbsing a digital tablet, the designer
can sketch over the template while the sketchegpjected in real-time over
the spherical surface of the immersive system, wbarrects the perspective and
displays spaces and shapes in the user’s normal(@@ble 1 and Figure 1).

5.3 Hybrid Modeling (HM)

In addition, we proposed a HM technique to workhwithysical models and
master complex shap&s® This technique lets the user go back and forth be-
tween manual and digital models using Rapid Prpioty(PR) and a 3D scanner
to transit between analogue and digital modestiBgafrom rough hand-made
physical models, the designer can create shapeglyuising malleable materi-
als such as Styrofoarihen, the model is scanned in 3D and applied &sna t
plate to form the virtual shape without using tleaentional required orthogo-
nal views as backgroun@nce in the digital mode, all the digital capal@ktcan

be exploited to make copies, play with symmetry amake transformations,
such as scale, and explore Boolean operationst,lthie digital model is printed
using RP techniques, and the prototype becomest@xmaed to continue de-
sign explorations manuallyrhis cycle can be repeated frequently at the begin-

Design: Behavioural Per- ning of the process, integrating the control of ma&ractions in the process and
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Figure 1 Spherical vers!
Cylindrical panorami
sketches

mastering proportions in the creation of complexpss (Table 1).

6 The Hybrid Ideation Space
In order to combine all the advantages of theseitiylechniques for sketching
and modelling in ideation, while avoiding some béit drawbacks, we imple-
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mented the Hybrid Ideation Space (HIS). This sysieivased on a new spheri-
cal mirror model to input and output informatiom: iaexpensive immersive pro-
jection procedure as output inspired by the Parpes@nd planetarium projec-
tion system¥ adapted to these kinds of applications, and ar&matiémage cap-

turing method from scale models as input. The Hi®lgines real-time immer-
sive sketching capabilities with physical model imgkin one system, allowing
the user to carry out ideation by manual actionimmmersive graphical and

physical representations (Figure 2 and 3).

Table 1 Advantages a
problems f previous hy-

brid techniques DVR
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iDVR

HM

Advantages

Personal expression of sketches compared to the
standardization of computer renderings;

Inexpensive technique with respect to cost and
computer processing:

Maintains abstraction, ambiguity and inaccuracy of
representations for ideation;

Uses already mastered sketching skills;

One panoramic view represents all the perspectives of
a space;

Strive for design expectations.

Same as DVR, as well as:

Real-time visualization of corrected and not deformed
images during sketching;

Real scale display;

The sense of presence inside the virtual sketched
space;,

Permits collaborative work up to 4 users;
Non-intrusive immersive system which requires no
special glasses or tracking devices;

Better perception of space and errors.

Richer geometries agree with design expectation,
compared to premature design decisions taken by 3D
computer modeling in ideation;

Easy mastering and visualization of complex shapes;
intuitive modeling using the scanned model as a 3D
template;

Intuitive manual modeling without the complexity of’
computer 3D modeling interfaces;

Use of previously acquired and mastered physical
modeling techniques;

Assists in ideation using RP models as matrices for
shape explorations.

for New Paradigms: Edu- 6.1 Immersive Sketching

cation and research Com-
puter Aided Architecturi
Design in Europe, Lisbo
819-827
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Problems

No switching from the drawing to the 2D
scanner and then to the QTVR visualization in
real-time;

Well adapted to rendering spaces, but not
objects or individual shapes;

There is an adaptation time for beginners to
sketch with panoramic cylindrical deformations
(several minutes).

Even if objects and shapes can be sketched,
there is no 3D stereo vision or parallax;

No possibility of walkthrough or rotating forms;
The space can only be modeled from fixed
viewpoints, not allowing real-time navigation
inside the sketch;

Scale limitations given while the designed
space is smaller than the immersive projection
system (16° diameter);

Expensive spherical projection system
(Panoscope);

An adaptation time of 5 to 10 minutes for
beginners to sketch over spherical panoramic
deformations.

Proportion errors for scale models;

RP malleable materials;

Cost of RP models;

Time spent on RP production and 3D scanning;
3D scanning techniques and the resolution of
small physical details.

The spherical graphical template is constructedgusai ray-trace render of a re-
flective sphere in a basic 3D model containing velgmental shapes or primi-
tives. This gives proportions, which become graphgrides for sketching. This
template can be used with any painter or imagened#oftwaré® via a digital
tablet (Wacom Interactive Pen Display™) as an irgerice connected to any
powerful laptop. The computer has two displays, fone¢he digital table and an-
other for a conventional projectofhese two display devices are mounted on
different supports in order to avoid shaking thejgrted image by manual ac-
tions. The digital tablet is supported by a telgécdable permitting work seated
or standing, the latter being better for immersidhe projector placed at table
level so as not to disturb the user's gaze and gy by an individual tripod,
points upwards (Figure 3).
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Space

Spherical
mifror.

Figure 3 Equipment us:
in the HIS

The full-screen image is inverted and projectedr avesemi spherical mirror
mounted on the ceiling and centred on the projedera result, the spherical
image is reflected over a semi spherical screeymthetic fabric mounted in the
ceiling or on a support and also centred on thersgil mirror. The minimum
diameter of the HIS is 16’ for 8’ of height, allavg up to 4 users in the space.
The projected spherical image is subsequently ctade and the user can see all
around her/him in a normal perspective, in reaktiwhile drawing with the
digital pen. To sketch all the surrounding spabe, dser can move around the
two sides of the rectangular table and sketch hethispheres (Front and Back)
(Figures 2 and 4).

6.2 Immersive Model Making
In order to have improved model making and the idybmodelling technique
combined with sketches during ideation, we use allsnigh definition camera
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Figure 4  Immersiv
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Spherical graphical tem-
plate— Spherical sketch
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(1080i) for better image resolution and a smallramiball as a spherical pano-
ramic lens. The camera is attached vertically eotble’s edge and the mirror-
ball is cantered in front of its lens. As simpletlas immersive projection system
discussed earlier, this apparatus is now used s.augput but as input. The
camera captures a deformed spherical panoramiceimeftpcted by the mirror-

ball placed at eye level of the scaled physical ehodlhe real-time monitored

HD image is then displayed by the same laptop @drtimersive projection sys-

tem. In this way, as users move and modify theestahodel, they can see a
normal scale immersive projection of the modelafbund them. In order to

solve contrast problems, the model is sometimesedlan a small scene placed
on the table, controlling colour background antttiigg (Figure 5).

In order to combine immersive model making withtekes so as to explore
graphically the physical modifications to be matles monitored HD image is
capture by the system and used as a backgrounditaybe painter software.
The user can therefore sketch over a graphicalriggth@anoramic template eas-
ily produced by the scale model and the mirror-pEdible 2).

7 Methodology and assessment

Twenty pairs of second year Industrial Design stisi@articipated in this study
during the ideation stage of the design of a cate¢eor and interior) as an exer-
cise for a Computer Graphics class. They starteld the HM technique making
an initial rough model (up to 3 hours). Then, thedels were digitalized and the
digital geometry was given to assist the 3D digiteddelling process (1 week).
Next, these models were printed with RP and usetth@tl|S during 20 minutes
for each team, because of schedule limitationserAfiat, a spherical graphical



International Journal of Design Sciences and Tedbgy Volume 14 Number 2 (2007) ISSN 1630-7267 127

39 Csikszentmihalyi, M. template was built from the interior of each dib@ometry using the exterior

&%?gé'y Oﬁ'o‘évl;i?n‘ial PE?’ shape and some basic forms as references to tteeasehsteering wheel. Then

perience, Harper a the teams returned to the HIS to design the intefiche car (20 minutes).

Row, New York

40ibid. Design Flow and Workload
The notion of flow has been used to describe aegderd optimal experience
when people are engaged in an activity with higibiwement, concentration,
enjoyment and intrinsic motivatiot.It is a state of mind that has been observed
in other activities such as web navigation, surgeoynposing, and painting, but
not yet in digital design. It is characterized Bgar goals and quick feedback,
focused attention, loss of self-consciousnessregltsense of time, a sense of
control, a merging of action and awareness, a magtiveen participants’ skills
and the activity's challenges, and an experiencietwis autotelic. To reach the
flow state requires a balance between the chaltepgeceived in a given situa-
tion and the person'’s skills. If the challenge’gelechanges, it produces anxiety
or boredon{?

Figure 5 Immersive moc
making in action — Cap-
tured image —Spherica
sketch over the image
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Implementing and assessing the hybrid ideatiorcspa cognitive artefact for conceptual design

Current approaches of human computer interfacelsi@uag digital design tools
are based on usability tests of task execution. élaw the flow of creativity and
inspiration during the design process, especiallsing ideation, has not been
considered as a relevant cognitive aspect in théduation. The activity of de-
sign, in particular during the ideation processy @ evaluated using this notion
of flow that we call the Design Flow.

We applied the Design Flow based on eight dimerss{anxiety, arousal, con-
trol, worry, apathy, boredom, relaxation, flofv)We also used a questionnaire
with twelve questions related to how they experéghthe ideation working with
the physical mock-up (the Model), the HM techniqued the HIS (Immersive
Sketching and Immersive Model Making). The lastt peas ranking eight com-
ponents that can start or sustain the flow. A fonsstion was related to the talk-
backs of these representations and the developshenhcepts.

Table 2 Advantages a
problems of the HI

Advantages Problems

HIS The same as for the iDVR and Hybrid Modeling The same as for the iDVR and the Hybrid

techniques, as well as:
Inexpensive spherical projection system;
Elimination of the Gulliver effect inherent to scale

modeling techniques, with the exclusion of:
The Gulliver effect;
The cost of the spherical projection system.

models, which deform the user’s point of view (the
user becomes a giant);

The sensation of presence, being inside or in front of
real size models;

Sketching over real scale model images and image
editing for rapid decision making;

Rapid life-sized visualization of modifications made
on the scale model;

Combination of freehand sketches with manual
actions during physical model making;

Intuitive and interface-less interaction (only manual
actions) with graphical and physical representations.

In order to evaluate the cognitive aspects of ti& &b an interface, we also used
the NASA Task Load Index (TLX¥ TLX is a multi-dimensional rating proce-

dure that provides an overall workload score based weighted average of rat-
ings on six subscales: three dimensions relatdi¢éodemands imposed on the
subject (mental, temporal, and physical demandd)ttaree to the interactions of

the subject with the task (performance, effort findtration).
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Figure 7 Design Flow
(questionnaire)

Figure 8 Workloas

18 a~—|getinvolved
7l b — I get anxious
| ¢ — | clearly know what | am supposed to do.
d — | get direct clues as to how well | am doing.
e~ Ifeel | can handle the demands
of the situation.

1 feel self-conscious.

g - | get bored.

h -1 have to make an effort to keep my
mind on what is happening.

i~ | will do it even if i didn’t have to.

j— | get distracted

k — Time passes (slowly.. fast).

| —1 enjoy the experience, and/or the
use of my skills.

A o )

Nl 777777777

Bl Model B Hybrid Modeling N Immersive Model Making B Immersive Sketching

8 Results

8.1 Design Flow

For the evaluation of the Design Flow the studgnisa dot in a circle divided in
eight dimensions. These dots were placed accotdifigpw they felt at the be-
ginning (time 1), the middle (time 2) and the etich¢ 3) of the task. The Model
was not demanding or laborious. The HM was moreipeeand complex, and
the performance of the students depended on hoirthesl knew the technique.
The task was least demanding and more forgivirtgerHIS. Even with the time
pressure and being first-time users, the studespierted being in the state of
flow more often in the HIS (Figure 6).

In another questionnaire on the Design Flow, thelestts indicated that there
was anxiety in the HIS due to first-time use, yead dower rate than the anxiety
reported in the HM, a technique they already kn8 fnodelling). The level of
boredom was higher when working with the Model amdhe HM. The com-
plexity of the task and interface in the HM reqdimaore concentration from the
students. They lost track of time similarly in tHéS and the HM, even if the
HIS was used only for 20 minutes and the HM for areek. Also there was a
clear preference for re-doing the experience foown sake in the HIS.

The students have considered eight componentsahnastart the flow or support
it during the ideation. They classified these comgrds in order of importance.
When the students felt more comfortable with th& Hhey were able to perform
without problem. The performance in the HM dependedhow the students
knew. The technique while the intrinsic motivatimmas more important in the
Model and HM (Figure 7).

Workload
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8.2 Workload

Even with the time limitation in the HIS, the stutle were able to achieve most
of their design goals. The mental demand was sinmilahe HM but since the
frustration was greater for the HM, this techniqu®ved more demanding,
stressful and complex. The effort was low whenitivie interfaces were used
(Model and HIS) (Figure 8).

The overall workload shows that for the Model thedsnts achieved more de-
sign goals but it required additional effort. Thesidn goals that the students
achieved with the HM required more effort which ses frustration. For the
HIS, even with the temporal demand and effort fitke new interface, the stu-
dents achieved their design goals (Figure 9).

Overall Workload

Rating

720

Figure 9 Overall Wck- Model Hybri Immersive  Immersive
load Modeling Model Sketching
Making

9 Conclusions

Some students needed to adapt to the hand-eyeiratiod to work in the HIS
(5 to 10 minutes); Immersive Sketching was eastkmthey felt more comfort-
able. The real scale in the HIS allowed the stulemtunderstand their concept
and see errors more easily, triggering a bettettfaek loop. Students improved
communication by using a laser pointer, one moitrmyer the projected sketch,
the other following it with the pen, as if they wesketching at the same time.
The students made observations about their designtlze feedback between
them was constant and efficient. Sketching andrtgllt the same time was sig-
nificant in the HIS. The design decisions improvadquality as the sketch
evolved.

The use of intuitive interfaces with physical Ma&leind the HIS allowed the
students to ideate more easily, based on factats a8l time spent, concept pro-
duced and success rate. The design collaboratiamgstudents was very im-
portant in the HIS. The students with high intrinsnotivation often outper-
formed students with low motivation. When studentwked together they en-
hanced the ideation process, particularly in anirenment like the HIS where
the main focus is active design.

HIS as a Cognitive Artefact for Conceptual Design

As demonstrated above, the HIS is presented heaecagnitive artefact for con-

ceptual design because users can amplify grapaichphysical reflective tradi-

tional channels of representation (as freehandckkstand physical models), al-



International Journal of Design Sciences and Tedbgy Volume 14 Number 2 (2007) ISSN 1630-7267 131

43 Goel, V. (1995). ibid.
44 Lebahar, J.C.(1983)
ibid.

45 Cavens, D. et al
(2002). Interacting witt
the Big Screen: Pointe
to Ponder. Proceedings

the ACM CHI Confer-

ence, Computer Hum
Interaction, 678-679

lowing easy conversation within representations betiveen them. In order to
achieve this, it maintains abstraction, ambiguityl anaccuracy of these aug-
mented depictions, which are also adapted to tegyder’s initial mental image
during ideation. It is an interface-less devicegéhese designers can confront
ideation with manual actions and already known aradtered representational
skills. They can focus on the conceptual design task ratiaer dealing with sys-
tem requirements or abstract commands. Designersinvgoin teams and using
this system seem more occupied by design considesathan by computer and
software constraints, compared to current CAD aRdsystems.

Moreover, by using the HIS designers deal with pdatsconstraints with the
augmented models as lighting, gravity and textufematerials, exploring and
discovering ideas that are easily achieved by mamtgoons. Rough models be-
come symbols as found by sketclié$ or physical cognitive artefacts changing
the meaning and allowing reflection-in-action. Tlféet makes the designers’
perceptual process of being involved in the creagistivity, one of the important
goals of the Bauhaus’ teachings in basic desigmcklethe HIS may sustain
mental representation as the “precepts” duringgesi

The HIS is proposed to fill the gap in ideationdrefthe use of CAD and VR
systems during the design process. This systemever, still has some prob-
lems which will need to be addressed in future work

10 Future work

In order to improve better communication betweesugs of designers using the
HIS, we have proposed the use of laser pointevssaal markers on the immer-
sive projection. After this experience, we are iogkforward to develop a laser
pointer image capture application, as used with dlaplays®® This will allow
initial sketching using a laser pointer over thaesral display. This could help
in drawing without the spherical deformation andhia construction of the tem-
plate, since the dexterity and the psychomotorraetiton of the pen on the digi-
tal tablet for freehand sketching are not possibith the laser pointer at this
time. Also, we are expecting to implement OpenRpd® Ray-Trace) tech-
niques to render in real-time reflective sphericahges and to use the sketches
and physical models made on this system as guae3f modelling. This will
allow designers to insert this kind of representainto any 3D modelling soft-
ware in order to improve the initial ideation, afiodfil later steps of the design
process. Several experiments are in progress aungetearning processes,
working with professional practitioners from diféeit design fields responding
to real needs, and design work in individual aradhtesettings.
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