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SUMMARY

A main task of industrial designers is the shaping and transformations of ideas or fuzzy notions into
abstract or materialized equivalents. These sketches, moaelother representations can be
described as th sum of3-Dform and2-D shape aspects, aesthetics, intuitive qualities, thaibwing,

as well as technical and sustainable functionalities. The designer must understand the elements
involved in this synthesis of forgiving and design. Successful design compose these
characteristics carefully and join them together to form and shape artefacts into a harmonious and
balanced whole, while simultaneousimanoeuvringwithin implicit and explicit mechanical and
functional aspects (Wendrich, 2009).

With the emergence of & computational design, the industrial design and engineering process
shifted from traditional analogue physical representations of ideas or artefacts to digital virtual
realities. This shift is creating pdmminance of digital design ovéhne idiosyncrasies of analogue
craftsmanship of the designer. Loss of control, immediacy, manual dexterity and skills due to
constraint in electronic interfaces (i.e. windowsyboardmousemonitor-pointer) and programmer's
directions. Subsequently, thimve way to alienation of the physical material world and created voids
in the support of design processes (Wendrich, 2010).

In this report, we follow two main research directions in our attempt to bridge this gap. Firstly, we
execute an empirical usestudy in combination with seven taeidngible design task experiments. We

aim to measure the effectiveness (i.e. qualitative), performance, and other qualities of various shaping
and representation techniques. Secondly, we show the preliminary design addobiaybrid design

tool prototypes (RSHHADT) that targets to bring back the tatdingible elements of design and/or
engineering processes integrated in G&Btems.

We investigate and explore possible distinctions between the analogue and digitakegpation

tools, explain the seven laboratory experiments, and analysis and evaluate testing results.
Furthermore, correlation between empirical research and educational embedding in conjunction with
the creative opportunities that emerge from embedmerfo K@ 6 NA R RSaA3Iy (G22f a
SYGANRYYSyiGa 615¢90a0 Aa RSAONAOSRO®



Page]| VI

SAMENVATTING

Een belangrijke taak voor ontwerpers en ingenieurs is het vormgeven, ontwerpen, specificeren en vertalen van
ideeén of moeilijk definieerbare problemen naar abstracte, concrete oplossingen endofellen Deze
schetsen, modellerprototypen of andere repreentaties zijnnaast de zorgvuldige afwegingen en het itereren

van technischemogelijkheden een synthese tusséweedimensionaleen driedimensionalevormaspecten,
esthetiek, intuitieve kwaliteitenen praktische ervaringDit is inclusief het bepalen vade technische en
duurzame functionaliteiten. De ontwerper zal binnen deze synthese van vormgeven en ontwerpen zoveel
mogelijk proberen om alle onderdelen en delen technisch te vertalen en te integreren. Succesvolle ontwerpers
of ingenieurs, zijn in staabm alle deze eigenschappen, specificaties, wensen en eisen harmonieus en
uitgebalanceerd samen te voegen (vormgeving, ontwerpégrwijl ze voortdurend rekening houden met
impliciete en expliciete mechanische en functionele aspecten gedurende het ontreegsp(Wendrich, 2009).

Met deintroductievan computergestuurde-B CAD systemen, veranderde het ontwegp technischontwerp

proces van traditionele analoge ideeontwikkeling en representatidnet vastleggen en visualiseren van
driedimensionale inforratie en data binnen een digitale virtuele realiteit. Door de schijnbare efficiéntie,
gebruiksgemak en verhoogde effectiviteit van CAD omgevingen werd deze nieuwe techniek al vrij snel
geadapteerd en dominant in gebruik binnen de ontwearp techniekdomeine. De analoge en impliciete kennis,

expliciete vaardigheden en kenmerkende vakmanschap van ontwerpers en ingenieurs verdween hierdoor haast
automatisch. Vooral het verlies van direct inzicht, handigt{e&lristiek) controle en toepassingvan kennis

geduende een ontwerpproces kwam hierdoor ernstig onder druk. De-CINB IANJ YYI Q& f SARSyYy @I |
beperking van het menselijk inzichbe handelingen worden veelal gestuurd &gelijkertijd beperkt door
voorgeprogrammeerde oplossingsrichtingen binnen deigitalea @ & 46 SYSy ® | S&G 3IS@2t3 Aa R
generatie ontwerpers en ingenieurs ontstaat die vaak geen enkele affinidbibenmet de fysiektastbare en

intuitieve wereld en vervreemd zijn geraakt van deze realiteit binnen de ontwerpprocesserdi(idle 2009

HAaMAnO® hY RST S TAOKGOI NB W is2riidofWentd®heRTidEnkadin2g04ey k 2 F G S
onderzoek gestart om danaloge en digitaleverelden bybridisering dichter bij elkaar te brengen of te laten
samenvloeien doospecifieke ontwerpgereedschappen gpmgevingen te creéren.

We volgen twee belangrijke onderzoeksrichtingen die in dit rapport worden beschreven en omscHretieal.

wordt er een empirische gebruikersstudie (kwalitatief onderzoek) uitgevoerd met deersiteit aan
ontwerpers die allen verschillende kennisn ervaringsniveaus hebben. Deze studie en experimenten bestaan
uit zeven verschillende ontwerppstellingen, die variéren tussen het maken van simpele anatogen met

het creéren van volledidigitale representaties. De gebruikers (ontwerpers) worgenexperimengetest door

middel van het uitvoeren van een specifieke ontwerptaak binnen een vooraf vastgestelde tijd. Hierbij meten
vergelijkenen observeren we de effectiviteit, prestaties, #meid, tastbare resultateren andere aspecten van

de zeven verschillende representatietechnieken. In het tweede deel van dit onderzoek, presenteren we de
ontwikkeling enontwerpen vanprototypen die leiden tot eenmogelijke oplossing varhybride intuitieve
ontwerpgereedschappern comgevingn (RSFHHDT). De specificaties, eisen en wensen van deze prototypen
Zijn mede gebaseerd op de resultaten, analyses, evaluaties, en bevindingen die voortvloeien uit de zeven
laboratoriumexperimenten.

Diverseprototypen worden ontwikkeld, gebouwd, en ingezet om potentiéle mogelijkheden, nieuwe oplossingen
en eventuele beperkingen van analegm digitale representatiehulpmiddelen te onderzoeken, te testen en te
verkennen met diverse gebruikers, gebruiksdomeinen, en gebguilepen. Bovendien wordt de directe
correlatie tussen educatieve doelstellingen in ontwerponderwijs en empirisch onderzoek beschreven. Dit is in
samenhang met de creatieve mogelijkheden die voortkomen uit de doelstelling en oplwaditiggen die
hybride ontwerptools (HDT's) en/of HBimgevingen (HDTE's) bieden.
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CHAPTER wlrooucrion

1.1 The Rawshaping Formfindiaradigm(RSFFand Frameof Mind ¢ EarlyPhase
Research

To start aproduct creation process (PCP) and/or product engineering process (PER)f the first
things a designer does is, after initially been documented or briefed, to pick up a pencil andpdper
startsto sketch first ideas or ipressions. These representations are quick, mostly ranthammghts
committed to paper and Wile sketching they starto portray the outlines of possible solutiofisr a
specificdesign problem or task. Slowly bsteady these sketches become morsure stable and
subsequentlythrough iterative steps, ideas become more cleapnciseand structuredFig. 11).

%,
Fuzzy <Y,
K

Design Process

Representation

ABSTRACT | ABSTRACT
TANGIBLE
~ [mme) )
I ; T J | [ [Physical BD] o [Visual 2D |3D ] ]

l H |

- Sketch
- Drawing

- Rendering
- Technical drawing

DISTRIBUTED COGNITION

Fig.1-1 Human capacity to externalize metagnitive abilitiegWendrich, 2Q3)

Sketching tweor three dimensionalis a way to present and represent ideas and give way to order
plan,and structurewithin a possiblesolution spac€Fig. 11 and 12). However, this sketching process
is not the only thing a designand/or engineerses to convey &hs fussy notionsor ill-structured
thoughts. Another possibility i$o process in combinatiorwith or separately producethree-
dimensional sketches ireflective material, i.e. paper, cardboard, wood, metal wire, plasticsaor
formable mass like cla¥ig. 12).
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Visual Abstract Design Briefing Orthogonal Proj.
2D Representation

3D Material
Representation

Fig.1-2 Product design process by means € 3naterial representatiofWendrich, 208)
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e .

I texture || style | | form | | colour |

Product Design Process

In this way the designégngineerstarts to represent ananaterialize ideaslirectly into touchand
feel semantics and nudges itself irttoree-dimensional space by making use of the positiegative
connotations deried from readymade or quickhumb artefacts(i.e. lowresolution prototypes)

Fig.1-3 Various Cube Sketch Representations

In sketchingfor examplea cube on pape(Fig. 13), the feeling of threedimensions emerge from
takinga certain perspectivahe placementof lines, adding shadowapplyinghatching andso forth.

The viewer will get some kind of notion of what the design entails without directly fully understanding
the scope of the represented object. After,dhe representeccubewill stay an approximation and
most certairly aninterpretation of the designery A y RQa S & 1§iid, afdihe¥est skilss
indicated and presented in the diagramn page 5 irFig. 16 Left

Fig.1-4 Tangible Cube Representat®on
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In represeting and/or shaping a similar cube in a material or thdémensional structure (Fig-4),

the designer has to think of many more aspects of the cube than in the case of sketching solely on
paper. While trying to shape and form the cube, one has to niglcgsions on the fly about size, ratio

and proportion, whilst producing and constructing a geometric object. By making use ofitanfey
example; scissors, keif ruler, glue, pliers, spatulas, etc. and a particular material (i.e. paper,
cardboardgclay, sheemetal etc.), the designer supports the ideation process and the representational
quality of the cube progressions in thre@mensions.

After tinkering and experimenting with several possible outcomes (iterative instances) the designer
arrivesat having many different cubes. All cubes represent and present manifestations within or
outside the limits (set off constraints) of the designer's scope and ideas about the initial task, problem
definition, and solution space.

Whilst materialising, cotsicting and representing the various cubiée designer creates knowledge

and understanding of the problem space. At the same time ignites insight and feedback on all the
essential elements of size, dimension, space, structure and construction needethier the design
process. Simultaneously the aspects of form, shape, aesthetic value and creative experiment are
addressed and hitherto strengthen the problesnlving and design outcome (Figé Right pageb).

Another beneficial factor in using the nmatalshapingprocess is the allowance of ambiguous,
uncertain, or accidental happenings (cookie luck). During tinkering and toying, the designer allows the
unknown and unexpected into the process. Events that happen all of a sudden while cutting or
shapirg, setting off directions that are fully free from thought (intuition) or steered manipulation. In
the event that something goes 'wrong' with the cube, the designer will continue to alter and change
the shape to his liking without being distracted or misley any fixed directions or preconceived
notions.

Fig.1-5 Tangible Serendipitous Cube Representations

The outcome of the cubshape might not lookompletely as envisioneghrlier in the procesérig. 1
5). Because of the ambiguous and sdifecting of material flaws or the consequences of tactions
including the designer's limitations in skills anithsight, one mightaccidentally stumble onto
something completely 'new' and inspiring in form and shap
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1.2 On Intuition and Cognition in Support of Mnemonic Networks in PCP and/or PEP

Much research is dedicated to understand and come to terms with the intuitive qualities and traits of
humans and the role it plays in for example memory and experiencelgment and problem solving
(Dreyfus& Dreyfus, 1986; Meehl, 195 Miller & Ireland, 2005; Lehrer, 2009;). Intuition in the context

of discovery evolved out of the philosophical tradition that clearly implied intuition as a means of
discovering basic trims unconsciously. Kahneman et al. {4Rchallenged this concept stating that
intuitive judgements are often misguided since they are overdetermined by a variety in cognitive
heuristics. However, in some cases cognitive heuristics can be helpful if ajppetpinvoked (Nisbett

et al.,, 1983). Determined cognitive heuristics such as representativeness and availability, and
underdetermined normative considerations such as sample size, base rate, and regression effects
implied this reasoning. While acknowledg that cognitive heuristics can sometimes be helpfully and
appropriately invoked (Nisbett, Krantz, Jepson, & Kunda, 1983), the critical consensus clearly implies
that intuition is frequently if not typically a systematic source of error in human judgiRods, 1977).

We doubt this consensual reasoning very much, since it lacks in our opinion very much to take into
account the advantages that individual knowledge and experience entails invoked through intuition
(Bowers et al., 188, Wendrich, 2009). Unceinty and unexpected insights, decisions and choices
(intuited) are particularly of interest and highly relevant to creativity and design ideation especially in
the context of discovery (Reichenbach, 1938; Polanyi, 1966; Gigerenzer, 2007; Wendrich[120£9).
human cognition is by its very nature intuitive, it inevitably involves the activation of internal and
external mnemonic networks by relevant information (Anderson, 1983; Worghennt, 2011). What

differs from one person to another is the naturachamount of information that has already been
mnemonically encoded, as well as the complexity, gradient, and speed of theasgeciative
connections (Andersen, 1983; Mednick, 1962; Simontong18®Bodinow, 2009). When a productive
hunch or insight gogconsiderably beyond the information given (Brui&61-1965; Westcott, 1968;
Thaler& Sunstein, 2008; Lehrer, 2009; Wendrich, 2009), it is often described respectfully as intuitive,
and people who are especially adept at generating productive hunclesfaan deemed intuitive in

this qualitative sense. In essence we could say that everyone is considered intuitive, so far as clues to
coherence activate relevant mnemonic networks. According to Yéoreet al. (2011), mnemonics are
useful in almost any siaition in which learning and memory are the goals, but one size does not fit
all. The effectiveness of a mnemonic requires that the technique matched to the particular
circumstances of application (Worthé&nHunt, 2011).

1.3The Rawshaping Formfinding Paradi@@®FF) and Frame of Migdearly Phase
Research

In the light of the aforesaidRSFF emphasis of8intuitive interaction desigrXD) where the designer
is affected, engaged and immersed in conjunctionvith hybrid design tools (HDT(.g. virtual
formgiving)to develop ideasand/or innovative conceptdluring the product creation process (PCP)
and/or product engineering process (PEPhemix of real and virtual worldghybrids),enable the
designer to freely transformtranslate,and manipulate twe andor three-dimensional objectshat
become manifestd in both the real and the virtual realms terms of timing, speed ratio, and clock
frequency of the sequential process steps, this blending could be executed either-tmeahear
reattime, on demad, or based on choiearchitecture. Based on early stage research and
investigation (Wendricl& Tideman, 2004) some preliminary aspects and points of interest in mixed
reality (MR), in terms of advantageous and disadvantageous issues and topics weesiggathThe
following points are construed to mark and envision the RSFF paradigm (S€hajgerl.5.1):
Apparent advantages of RSFF:

9 Bringing out the tacit and tangible knowledge during design processing

1 Intuitive meta-cognitivetriggeringand interaction during design processing

1 Computational design as a virtual assistant in design processing



Page|5

Allowing and bringing out the idiosyncrasy of the designer
Decrease isoftware programdirection steering

More usercontrol during ideation andonceptualization
Untethered twohanded interaction with tangible materials

= =4 =4 =9

Relevant disadvantagesnd constraintof current digital design tools and methods:
Intimate knowledge required of-B systems

High or steep learning curve (threshold)

Interactionconstraints due to prograndirection

Workflow interruptions due to latency and progragirection

Increase in process execution time in relation to level of expertise

No intuitive and/or tacit (implicit) input possible

= =4 =4 =4 -4 A

idea sketches ideation mock-ups

|

visuals Ell physical

2d representations 3d tactile
- —— . ]
3d suggestions sensorial understanding
| \
| |

hands-on approach exploration skills

Fig.1-6 The earlystage RSFF FraraEMind ideation procesg§Wendrich, 200)

1.4 Heuristics in Design Processing

Cognitive research shows that experts can utilize heuristics effectively, and suggests their use of
heuristics is a featurthat distinguishes them from novices (Klein, 1998). Expert designers may employ
cognitive heuristics in order to enhance the variety, quality, and creativity of potential designs they
generate during the ideation stage. However, heuristics are not, byitlefi guaranteed to produce

a better design, nor do they systematically take the designer through all possible designs. Instead,
KSdzZNAR&AGAOa aSNBS a | gl @& (2 WedAckdrdhytiQTrueet I Yy Sé
al. (1999), ilstructured systems need to be developed using a totally different set of goals that would
support emergence, growth, and change. Alexander (1964) stitatithe main problem often lies
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in separating activities surrounding analysis and synthesis, rather thagmizig their dualityWith

the application of a heuristic, one is hot merely recollecting previous solutions in order to apply them
to similar problems, but instead, actively and dynamically constructing new solutions. Design
heuristics may serve as a diag point for transforming an existing concept, altering it to introduce
variation, or define variations among individual design elements. They may be most useful in
preventing fixation or lingering on alreadpnsidered elementOur hybrid approach catitutes on

the exploration and experimental tradition, where we rely on an assortment of heuristics and operate
mostly in a highly unpredictable, stochastic, and/or probabilistic manner across boundaries and often
un-structured approaches. The oscillatibatween real and virtual realities merges the autonomy of
user and machine (HMI) this will progressively enrich the intuitive user experience, increase
knowledge acquisition, and advance insight in understanddsikézentmihalyi, 199Wendrich et al.,
2009).

1.5 Technology Scamn thePotential of Virtual Formgiving in Design Education (2004)

After a thoroughtechnology (Wendrich et al., 2010) sc¢dhe conclusion wathat the creation and
development of a hybrid design tool (HDT) would benefit the degighdasign engineering industry.

The tool could be an excellent addition to the existing and emerging tools and methods by assisting
designers in their physical and virtual design process. The creation of a preliminainarR&¥ork

(Fig. 7 and Fig. B) is based on the combination of (a) a thorough technology scan (ig. (b)
findings and results from questionnaires, devised for the purposes of a-disdiplinary survey on

the potential of Virtual FormgivinFG)n Design Education (Wendrich & dinan, 2004), and (c)
educational embedding of design tasks, processes and experimentation (see Chapter 2). This
preliminary RSiramework for the analysis and evaluation of tangitdetile interactions along a set

of parameters and dimensions was devisedome to understand and create insight in the different
levels of abstractions and similarities between the physical and digital representation activities. The
FNIYSG2N)] |ff26a dza (2 SELX 2NB y20St RS®WA 0Sa Ay
capabilities, and underlying functionalities/semantics of CAD systems.

Education

Experimentation

Design Tool

Fig.1-7 The EducatiofExperimentatiorDesign Tool Research Framew@fkendrich, 200)
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1.5.1VFG multi-disciplinary survegn design interaction and representation

In 2004Wendrich and Tidemaoonducted a study on engineering technology and industrial design

engineering students to investigate the future of VFG in design praxis. These findings and results

nudged towards more research and experimentation in the doro&Virtual Reality and Design Tools.

Main issue was the implementation of design materialisation and representation assignments in the
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design engineering program over the last five years. There seems to be a predominance in abstract
representation (visudl over material representation (reflective material representation) in most
design educational programs (Woolley, 2004). More emphasis was laid on the use of both sensory
perception, tactility and sensory feeling (Gilles, 1991; Hartson, 2003) within desiggmmentshence

the apparent dramatic increase in material representation in conjunction with the abstract
representation Learning in design is enabled through continually challenging abstract representations
against material (reflectivaepresentations (Schon, 1983992; Goldschmid& Porter, 2004. This
comparison between representations reveals gaps that inspire further design activity,
experimentation and research

Combinedindings and results lead to possible requirements forHartdevelopment of RSIT5 ¢ Q& Y
Tool creates more insight and understanding

Tool has low threshold in learning curve

Tool increases processing speed in solution space

Tool implies visual and tangible representation

Tool triggers easy ideation and conceglizing

Tool generates and allows simulation

Tool allows intuitive urtethered interaction

=A =4 =4 =4 -4 -4 -9

1.6 On CAD A GenericView onComputer-Aided Design and PEP/PCP

aO/ dzZ t 2dZAK O6mppcyv aidldSRY WwW2S Ydzad 221 OSNE Of 2
technology, as well as developing a more receptive attitude toward opportunities raised by
technology, we must understand what matterstiaditional notions of practical, ‘foragiving' work.'

This will require the study of tools, humaomputer interactbn and practice of the digital medium.'

/ 2YLJzG SNE FNB y23d LINPINIYYSR G2 aSyasS FyR O23ayA
thoughts that are externalized and transformed during the eptiases of a design process. As stated

by Simon (19884 ¢ KS O2YLJzi SNJ 61 & YI RS ARGrthérioge, chrsit 3S 2 F
computer aided design (CAD) tools have limited capabilities when it comes to translating tangible
materials and models into digital/virtual representations. CAD programs use basinetjén
mathematical elements and splines curves for shape and form representation-[.éin8s, arcs, B

Splines, D lines, NURBS).

Key aspects of the design and engineering process, e.g. analogue ideation, intuition, manual skills (i.e.
paper modelhg, lowresolution modelling), tacit knowledge, and creativity became somewhat

trapped and challenged with CAD. Current CAD developments make slow progress towards enactive
modes of operation, but still far off from what humans can accomplish in termeoghitive
transformations, sensorimotor representations, through visual manipulations to fully matured formal
operations (Sener et al., 2B€008. The notion of creating playful CAD environments as a
transformation technology to address current drawbasksh as complex menus, limited interactive

assistance during the design task, formal conceptual design tool and fixation on design routines that
A0ATFES dzASNBRQ ONBFOGAQGAGEYT ARSFGAZ2Y YR AydGdzA GA @S
Thesdligital approximations ask for a fairly high level of understanding the new shape and new form.
Textures and other material properties are lost easily and difficult to add to the digital representation

via general standard CAD programs. A different apgiazould be to let the digital computer handle

the process of capturing shape/caldtexture and free the designer from these tedious tasks that
RA&AGdzND&a GKSANI ONBIFGAGDS ARSI adGFr3aS Rdz2NAYy3I GKS WA
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A powerfulconceptof RSFF is thembination of iteration speed, fast externalization, reduced level
of detail (LOD), thinkinrgn-your-feet, learningby-doing, reflectionin-action, reflectionon-action and
application of loosehitted structures in 2D and 3D modelling (Schon, 1983).

1.7 The Next Step in CAD & Tools (Bridging the Design Gap)

Withthe RSTY S K2 R2f 238 GKS RSaABHRV { IdgfiR 20NB YRARSY a2 2 NP Y2,
in conjunction with computational assistance could possibly significantly reduce the computation
loadA Y ONB I &S LISNF2NXIyOSs SYyKFIyOS AyGSNI OlAz2y | yR
is both true for analogue tools as well as digital design tools.

In comparison, complex digital CAD systems, with plenty of menu/dialog driven compatation

Fdzy OliA2yas | NB SELISOGSR G2 ONBIGS wadsSsSLa tSIHN
transferring the creative flow of ideas into digital/virtual representatio@sikszentmihalyi, 1990

Wendrich et al., 2000

Theefore, the followinghypotheses are framed andbased on the assumpti@that:

71 Fast and responsive design tools wataloguetangible feedback is what designers prefer as
a tool of cloice.

9 {AYLX S (22ta Ay O2YoAYylL A2y 6A0GK f2¢6 WONBI GA
for the tool. That is what is expected from thaaloguerepresentation tests.
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CHAPTERe2camon

2.1 Educational Testing and Assessnuéihe RSFF Methodology

Several mdiods and strategies were devised and used as experiments within teaching and learning
contexts, ranging from very abstraghysical assignments tefhase design methods (iieea phase
concept phasdinal concept phasexecution phas@resentation phase During this educational
approach, a seemingly more structured method is assigned to design an artefact. In such we hand
students an orthogonal projection (Fig12 of an automotive design icon (Citroén DS) on A4 paper
format. The elevations are in progen, but not to a specific scale! The first task is to silzange
(scaling) the elevation drawings to an exact dimension: 488 x 180 x 147 m@&ZFigp left and top
middle). Many students seem to find this a difficult task and noticeably many i@r&in sizechange
become apparent. Some students will take no direct action, contemplating, deliberating and thinking
about their approach and following step. The assignment was to fabricate, form and shape, in
conjunction with a 2D orthogonal drawing ban automotive design icon, a threttmensional wire

frame model of this artefact. The material used in most cases is aluminium wire and tape. The study
and translation is based oand devised as a representational form study, finding and discovering
aeshetic criteria, triggering aspects of forgiving and expanding the geometric vocabulary of novice
designers (Fig.-2).

Fig.2-1 2-D orthogonal drawing of design icon

Educationaldesign task aims
1. Translating 2D orthogonal projection in-B tangible form and shape.
2. To discover different design approaches and form giving methods -h ® 3D
representation.
3. Findingform andaestheticcriteria in tangible objects
4. Exploringorm structure that results fromform organization
5. Enhancingacitknowledge,understanding andmagination

A wide variety and diversity in model representation and/or solutions due to difference in shape and
proportions, as well as in form and textures were observed andutetd earningpy-doing, thinking
on-your-feet, andknowingint OG A2y | NB KINR (G2 aYSIadaNBé¢ | yR
for enriching existing design methodologiééter analyss and evaluation ahe video data (Jorda&
Henderson, 1995om student sessionghe preliminary resultshowedthat students become less
limited in their design processthey use more creative tinkering, randomness and ambiguity. Tacit
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knowing and tangiblenodelling complement each other in a way it enhancesults while allowing
better understanding and more insight. Other advantages are an increase-gsgedin, confidence,
value, awareness, passion and sen$®wnership.

Size-Changing ———> 3D Material Representation R
Fig.2-2 Educationaldesignexperiment on2-D to 3D representation(From left to right, top to
bottom: sizechanging, tangibkeacit manipulation with reflective material -B wireframe
construction, final @ representation)

RSFPesignTaskprocedureand procesdor testing the stidents.
Getting to know and understanding RSFF

Setting up of new experiments

Enrolling participants in new experiments

Capturing and observing RSFF design processing
Administrating results of experiments

Analysing evaluating and reporting the captutelata
Presentation

NoohkwphRE

Toobtain knowledgeabout the effectivenesand emergent methodologyf RSFRhe resultsshould
providedata, insight and understanding in correlation with thgpothesegpostulatedin paragraph
1.7.

RSFPesignTak effectivenessand representation performancén education
f Understanding of tacit and tangible knowing

Knowledge acquisition ofB tangible interaction

Knowledge acquisition of RSFF design processing

Acquiring insight in-® manipulation and representation

Implementdion of the RSFtuitive 3-D design process

=A =4 -4 =4

2.2 Analysis and evaluation resutéeeducational design task

Two significant modelling methods emergbdsed onthe analysis and evaluatioresults ofthis
experimentation Representation was either done by-[3 curves or by slicing.he findings on 36
selected models out of 150 individual iterations made by Bachelor students Industrial Design
(Wendrich 2009-2010). The translation and transformation task is devised as aseptational form
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study, finding and discovering aesthetic criteria, triggering aspects ofdiving and expanding the
geometric vocabulary of novice designers. All 36 models are placed in a ranking order the best result
to the worst result (Fig.-2 andFig. 24). The best model has been given number 01 and the worst
model is number 36. In Figure52we show the multivariables in solutions and representations that
stem from the same design task, constraints and requirements. The diversity and vagelytions

and multiplicity in representative quality and interpretation is highlyteworthy and extremely
thought-provoking(Wendrich, 2010).

gdorder of qualityonly (from left to right / top to bottom
01-36, whereby 01 is the best executed model representation)

Fig.2-4 Ranking of 36 models in order of qualishape representatioand appliedslicingmethod










































































































































































































































































































































