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Abstract

Helpingdesign workshojparticipantdo envision or create a prototypehethervisual

or physical, is notvithout obstacle for many experienced workshop orgsers. | am
frequently invited to host different types of design workshops for didicipants.
My reflections andhoseof other workshop facilitatorexpresghe same frustratiorit

is alwaysdifficult to help diverse participantgo create grototype and move forward
their concept forthe public orfor user evaluationThis thesis investigasethe early
design process and sea& undersind how and undewhat conditions we can enhance
the prototypingability (prototypeability) of participants from different backgrounds in
a collaborative workshop setting basedl@xcases and a conceptgation test for a
large group of people. Thesultsare compard with the frameworkfor organsing
participatory desigtools and techniquesuggestingan extesionof the frameworko

improvethe effective early prototyping process.

To respond to theall for collective action to foster a liveable and smart city in global
and local contexts, with characteristics such as limited resources, population ageing and
pollution, a better articulated participatory design approach is needed to effectively
engagadiverse stakeholders and multidisciplinary experts. In Manzini words (2015),
we need to visualise the contexts and improve the facilitation of social conversation
about the future. This thesis investigates the design process in a participatory design
workshop environment and aims to inform a practical methodology for the early phase
of the design concept development prodesise description of a facilitator training
framework that can guide participants to formulate an appropriate verbal and visual
concep (or rough sketches) for the development of the early phase product concept
prototype (also called proaff-concept prototype) that can ensure explicit conversation
amongst the stakeholders. How can we ensure an effective prototyping process in the
early phase of the design worksHhbphis is considered the most critical question
partiapantsto meetthe criteria and guidelirsdor prototypeability in the collaborative

product design process.

Themainresearclobjectiveof thisthesisis to identify the relationship between quality

interaction in the prototyping process and appropriate design owconvehich any



factor mayimprovethe initial design concept generation phase. idanthe quality of
early phase concept prototypibg improvel in a collaborative design environment?
Thisquestionis often asketh design workshagby participants who cannot effectively
create an appropriate and articulated protogyn a teamwork environmentand
facilitatorsare rarely able to provide a goadswer Ownership of the projediy the
participantsis alsoessentiafor participatory desigrio carry through and sustain the
work, evenif the workshop facilitators and design team leave the project. Bhus,

prototype is a stepping stoirea participabry design project.

The nitial discussion of the workocuses orunderstanding design activities, design
thinking and design reasoning, particblavisual and spatial thinking. The following
scaffolding work isa discussion ofthe design process and dity of the design
workshopwork for and with stakeholdergwelve workshop casesvolving designers
and nondesignersvere selected for the case study analysis. mae problens of the
design workshapare identified andhe problem spacefocusing onthe prototyping
processis themainresearctiarget The case studiggvealedthat quality prototyping
was one of the most influential factofer successful workshopsthe ®ncepts
associad with the elementsvere identified during the casstudies. For instance, the
transformation onabstract ide@to aconcrete concept (concretenedisg¢situational
design (situatedness) atite physicality of the design concept (objectnessje the
three main hypothetical factors of the design expent of this research. Design
trained and notwlesigntrained informants were invited foerformsequential design
tasksincluding concept brainstorming and scenario design through gkegtdlne final
discussion correlates the performance of the infatsaith the factors enabling

concept representation that affect prototyping.

In the last section of the thesis, | construct a descriptive model to articulate the
parameters to improve early phase product design concept prototypimggh

gualitative andjuantitative studiegsingcase stuigs, interviews andadesign task.
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information and identify themesusing onsite observatios) use
engagement, empathy (usmmntred perspective), culture amitherways of
seeing the practioaf peoplein the park.

Figure 4.6.4The photo show howthe team members clustered the stori p.

under certain themes.
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Figure 4.6.5Theimagerepresentshe idea brainstorming ressittf one of p. 163
the teams. Brainstorming a@adtivity developmentvere themain

objectivesof the project. The participants were expected to select a fea
concept from the list and extend it through scenario studyuring thenext
phase.

Figure 4.6.60ne of the metha&lused wa a stakeholder map. itvas p. 163
important todevelopthe prototyping activiesto informthe designersf

the relationshigpetweendesign (product aridr service design) and users

(all possible stakeholders).

Figure 4.6.7Scenario study generated by the one of the desigrsteam p. 164

Figure 4.6.8Based on th&EIOU framework, the/IPIS framework (value p. 164
proposition, intervention, programme, infrastructure and stakeholders)
developed by the facilitators kelpthe participants integrate the concept

and prepar¢heearly prototyping process.

Figures4.6.9 & 4.6.10Thesetwo images show the prototyping process p. 165
anengagement method condedtn the park.

Figures4.6.11 & 4.6.12The firston-site prototype evaluation was adopte p. 166
to observe how real park visitors experiehttee hypothesis (design).

Figure 4.7.1Scenario study generated by the one of the desigrsteam p.171

Figure 4.8.1The threezone maphelpedthe elderly participants to p. 175
brainstorm the preferedactivitiesbetweerthe three zones©iome,
community and travel.

Figure 4.8.2The facilitators instructed the participants to quickly write ¢ p. 176
draw the play activities coved n thefour types of games. The critefiar
concept exploration and developmerdludedthe elements, role, noun,

verb and adjective of the play activities. This method encouraged the
participants to explore in detail the game desigperienceAs shownon

theleft, the five clusters of concepts@vedthe cocreative inputs of the
youngold and the students.

Figure 4.8.3This image showthe output obne of the teamsoveing the p.177
four directiors of game desigrempoweing or enhaning socialisation,

eyehand coordination, cognitive stimulation (e.g. memorise concepts
recallthem) andthespiritual weltbeing ofolderplayers.

Figure 4.9.1The dudent designergisited the housef a family living ina p. 180
smallapartmentThey asked the motheshat werethe most pressing issue
in terms ofliving improvement.

Figure 4.9.2The workshop facilitator read thatthe student designers  p. 180

were urable tochoosehe appropriate dimensions of furniture desighis
may havebeendue to theirackof professional training angrior
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experience Dbfurniture design. In this photo, the student was encourage
make a quick mockip to provide firsthand experience of thgroposed
furniture design concept. A refined meag was brought to the family
home for demonstration and evaluation withfdraily members.

Figure 4.9.3Two student designers reviedther furniture desigrwith p.
computer visuasiationand planned tareatefull -sizecardboard models foi
evaluation.

Figure 4.9.4Thefull-sizecardboard bookshelves wareeatedor p.
evaluation by the design team.

Figure 4.9.5This paper card made furniture systémscalevas produced p.
by the students. This prototypelpedthe designers further clarify the
relationships and properties lodrizontalplanes and vertical planesuch
ashow the shelves should be arranged and thawyrelated to the location

or orientation of other boards (or other furniture components).

Figure 4.9.6The studentsould not produce the final fylifunctioral p.
furniture (first functional prototy® themselvesThe fnal furniture

concepts wee visualsedwith acomputer and were uséalcommunicate
with professional furniture mak®rThe orgarsers expectedhe furniture
prototypes to be durable and usalidg the grassroatfamilies.

Figure 4.9.7This photo shows one of the final working prototype p.
presenteddit t he p exbigtiorsnDeoerbber 2018. The furniture
was therdelivered to the household.

Figure 4.10.1Theimageshows the mapping of the four key service p.
providersof the future services thayishedto implement in the Yi Pei
Square community. The detailstbeservice plas weredeveloped based
onthe 6Ws descriptors.

Figure 4.10.2Focus & the mainactivities (WHAT) brainstormed by the p.
NGOs the verbal descriptiongere clear and the concept of the activities
aligned withthe missions and values of the NGOs.

Figure 4.10.3Although the project titlewere cleartheywere p.
underdevelopedsuchasthed Too |l 6L i br ar)gand
0Craftsmanshi p( R&D Wor ks hThesocial
workers mentioned the basic requiremdatshe size of the space (e.g. a
area for 150 20 people) and generic objects to support the actigity. &
writing board, tableand chais) . Not hing rel atwasd
mentioned.

Figure 4.11.1The map illustrates the three conceptual values refsppto p.
thequality of life of the elderly. The three circles represdidtb e i n g
Obel ongi ngd ,whitldovedldpmed.o mi ng 6
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Figure 4.12.1Based on the mapsedin CaseXI, this modified map p.198
illustrates the three conceptual values redpagio the quality of life of

the elderly with a labelling system tfacilitate clustering by the

participants.

Figure 4.12.2After mapping all current services and proposed future p.198
service concepts, | clargd some concepts with the social workers
(participants) and asklaboutother possible concepts.

Figure 5.1 Matrix of prototyping methods illustiag the twomaintypes  p. 209
of prototype characteristics. Designers may quickly visualise (or exploi

with mental imagesanappropriate or effeste methodbased on the
resourcesvailableduring the prototype planning process. The pathbef

red arrows i | | wuntntiont identifytthe enostreasonag!

type of prototype across different characteristickeweels ofperformance

based orthe two dimensions. Sourc&uthor.

Figure 5.2 This diagram illustrates the mechanismtioé dual coding p.212
theoryproposedy Allan Paivio (modified from Paivio (1986)ndicating

the coding action with two paths (the two cognitive subsystdnos) the
detection ofverbal and visual materials to the asations and hierarchies

of verbal entities and the pashole relationshifpetweermental images

and nonverbal entities. Sourcé&uthor.

Figure 5.3Diagram of the oscillation betweamalytical/retrospective and p. 218
synthesis/prospective act®orit illustrates the vertical dimension of the
prototyping process (the vertical path indicating the dual coding syster

from thesensory stimulusto h e d e espanses) andl the horizontal
dimension with the two ends (therizontal path showing the intent of the
designer who either operates analytjatotyping (retrospectively) or

synthdic prototyping (prospectively). Sourcauthor.

Figure 5.4The dual action prototyping process frameworkhibwshow  p. 221
the constraints and opportunities of product form development and the
various prototyping objectives and formats are connected and driven t

dual actions. Sourc&uthor.

Figure 5.5Sketh asavisualisation tool to investigate craftsmanship p. 224
technigqus, including the logiof the structural formmaterialselection

criteria and fabricatiomethodsDrawing alschelpsvisual communication
betweerresearchex designes and produces(or craftsmen). Source:

Author.

Figure 5.6 The paper modalhowsthe relationship ofhe movingparts of p. 225
the design hypothesis. The animated structural featuteedesign
facilitatedsimulation and evaluation through sequential movement and
tactile experience. SourcAuthor.

Figure 5.7 Searchindor design patterns or meaningful visual strucsuse p.226
one of themostimportantlearning experiensand creative outcorsef

19



protayping. This imageresentshe result of a group of secondary schot
students after they explored timaterial propertiesf PET bottlesoy trial
and error and explored pattern recognition by ogagithe materiain an
explorabry manner Source Author.

Figure 5.8A tram withatransparent envelopmperatedn Hong Kong p.227
Island for more than a weekthe end of 2013. LED lighting wasedto
highlight the internal mechanism of the tram. Soufaghor.

Figure 5.9 Participatory design activity conducted during a home tsit p. 229
local eldely persorwho was as&dto design through prototype his
preferedhome furniture layout with the modular components and mod

The researcher recorded his thoughts through thk #toud method.
SourceAuthor.

Figure 6.1 This isSample01 of the preliminary design taséne of the bes p. 223
samplesn terms ofgenerang the largeshumber of AEIOU items il5
minutes.

Figure 6.2 This isSample01 of thepreliminary design taslone of the bes p. 223
samplesn terms ofgenerang a large number of excellent qualitisual
concepts irBO minutes.

Figure 6.3Age dstribution of all participants i pie chart format. p.236

Figure 6.4 Distribution oftheeducation background of all participantsain p. 236
pie chart format.

Figure 6.5Case N33. The participant illustrated &faped bench to p.242
provideavariely of services.

Figure 6.6 This isSampleN33, one of the top five sampl&s terms of p. 246
generatinghe largeshumber of AEIOU items 15 minutes.Notes orthe
evaluation othe concreteness of individual concepts and comnazats

written in pencil

Figure 6.7 This isSampleN2, one of the bottom five samplesterms of p. 247
thenumber of AEIOU itemgeneratedn 15 minutes.In addition the
participantincorrectly wroteheé a c t i v isinthedsi 6n tietreant t
column

Figure 6.8 Comparison othetop five disciplines witlthelargestnumber p. 249
of participants and their averagerformancescores for (i) self-assessment

of individual thinking preferences; (ii) AEIOU brainstormirthé higher

thescore the greatethenumber ofitems generatedgnd(iii)

dnteractivenes$ bjectnes8anddsituatednesy10S) evaluation.

Figure 6.9 Comparison of thetherdisciplines withthe smalleshumber of p. 249

participants less thar5% of the total) and their averagerformancescores
for (i) selfassessment andividual thinking preferences; (i) AEIOU
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brainstorming the highe the score the greatethe numberof items
generated)and(iii) dnteractivenes$ @bjectnesd8anddsituatednesyIOS)

eval uati on. T h disciplinewads excladedsas theplhisgere
missing
Figure 6.10Comparison otheaverage scordsr visual and verbal p. 251

preferences, AEIOU and IOS performance.

Figure 7.1 The complete process cycle of a participatory design works! p. 260
The stages in green carry out the majority and intensive collaborative
encounters such as the creative activities that make abstract things vi¢

and tangible.

Figure 7.2 Framework br organsing tools and techniques participatory p. 262
design (Sanders, Brandt & Binder, 2019purce Brian Lee.

Figure 7.3 The I0S enabling model for the enhancement of protetype p. 267
ability at the early phase product concept generation process. The abc
diagram demonstrates an example of the result of assessing the
performance of a design concept (scenario and descriptiomoégD in
thethreeprototypa bi | i t yés descriptors (
Situatedness) which are illustrated in three dimensional planes.

Figure 74 The sample N58 is a case showing a very high AEIOU resu p. 268
(the second highest) and medm®cesult in ISO score (below the mean).

Figure 75 The above matrix demonstrates the distributions of five IOS p. 269

elements (the early phase design concepts generated by the informan
according to the 10S enabling model.
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Chapter 1 Introduction

Learning bydoing is a prominent approacht goes hand in hand with design
development strategy that incorporates empapiayticipatory design and iterative
design to enable innovativesercentred desigm prototype, as the aftact produced

by learners, provides an opportunity for collaborative learning wiolding together

It is essential toressue seamless conceptual exchange and collaborative prototyping to
formulate and develop an effective design strategy or innovative solution to tackle more
complex social innovation challenges. Most design workshop practitioners raxogni
the positiverole of prototyping as a catalyst for the design process. Unfortunately,
prototyping guidelingare well belowexpectatios and there is a lack of stied onthe
causesof unsuccessful prototyping and what stragegcan improve the process.
Therefore, tis research worknvestigatesthe collaborative design platfornusing
unique real cases of different product and service design workshops for and with
stakeholders (or workshop participarasthe main sourcef da, contribuing to the
theoretical discussion oprototyping ability (prototypeability) and how it can be

enhanced in the participatory design process.

Prototyping is a type of learning approach. This sagumeshat subject prototyping

is an experiential learning technique, rglation either to the mastey of traditional

craftsmanship or the development of digital technoldgyen product design, vith

can be elucidated by the pedagogical approacdderlying Sey mour Papertd
constructionismitselfbasedbn Jean Piagetods epistemol ogi ca
In contraswith the traditional passive learning approgirch as lectws thislearning

theory emphases individual learnindpy making things in the education environment

and the processdxy whichlearnes actively build their unique systems of kndedge

and seHdirected learning while engeng in conversation or interaction witirtefacts.

Amongthedifferenttypesof designivorkshopsaddressing different challengesocial
innovation project isa platform that aims talevelopobjective and systematic design
solutiors to a complex systepsuch as a design project conregtto social and
economic networks. For instance, The Park las conduded betweempril and
September 2017 e Jockey Club Make a Difference Social L. &hichwas the first
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communityinitiated public service innovatiolab in Hong Kongto improve public

park design through community participation, design thinking arcteation (Binder

& Brandt, 2008) with prototyping. The project team included community stakeholders,
citizens, public servants and designers. The dson and exploration of project work
involved different layers of conceptancluding stakeholder needs and conceand
environmental, administrative and educational issues. The Paris dedzussedater

as one of the case studiesafw.mad.asi

Among variouscomplex design &ks, one of the principal approasof this type of
design platformd to encourageparticipants to empatse, identify, analys, integrate
and prototypeengagng end usesand other stakeholdeirs carrying out interventios,
feedback collection or evaluatiomhe participants may not be trained designer
equigpedwith appropriate design thinking skillsuich as skills isketching, storyboard
illustration and model making(from simple mockups to high fidelity moded). It is
reasonable to assume thhe participants ¢specially those who arenct trained in
design)do not know how to communicateor explore creative concepts with other
people anavith constraints. Thegnayneed additional suppoitherefore, it iesential
to havean applicable theory to guide workshop facilitatbw evaluate and give
appropriate instructiaito participantsHowever, here is a lack of formal discussion
of and strateigs for facilitating coprototyping. Differat people have different
working or thinking styleswvhich may also affect the effectiveness and outcomtseof

co-creation platform.

In general, prototyping isnaessentialvorkshop componenised toaddress various
social innovation issuedt is a toolthat helps individual learnes make sense of their
experience of complex situations in the conteExtiesignng public goods omeeting
community needs with other participarBased ormy observational studyf warious
design workshops with diffent combinations of participants from different
professionsand backgrounds, there is a critical probtemdividual learnes or
designes (workshop participars) areoftenunable tocreatean appropriate prototype
at an earlystage In someextremecases, the orgasars need tohire professional
designers t@articipate inconcept representation atite prototyping processis a
result, first the workshopis behind schedulewhich may affect the outcomes if

participants cannot produce an appropriate prototypleelfisome workshagonly run

25


http://www.mad.asia/programmes/mad-social-lab/93

for one day or even three hou&econd well-trained participants may dominate the
groups voice and peoplavith weak visualisation andor modeling skills may be
suppressed duringhe concept generation stage in a group. Although faciliator
manage teams irdifferent ways, for instance, prepag materials toimprove
prototyping, establising rules to avoid dominant playerand encouragg weaker
participantsto evaluate the prototype aftés creation their participatiorat theearly
stage may diminish ownership the group projectwhich is the basic principle of

participatory design.

The study aims to identify and construct a descriptive thioexplain the factors and
correlations affecting one difie most frequentlyuseddesign processi early phase
prototyping (transforming design concefsom textinto visual idea(scenario design))

from theperspective of constructionism (prototyping as a learning process) and visual
reasoning (themain factor that mayaffect prototyping performance). The result
enablel thedevelopmenbf a participatory design approaetivaning the prototyping
method to envision and explore complex scenario studies that benefit user experience

andinteractiors andservice and product design.

Why is thefocuson transformingiextual elemerstinto visual elemerstand not the
other wayaround? Or why not study different types of cognitive tqoluch as
mathematics, music or kinaesthe®id showthatthe majority of workshop facilitators
andparticipants use text dee dominant language for communication and recording.
For instance, #&ostit is a favaurite tool for captuing ideas and suppang concept
clustering activies. Although sketchs and collags of relevant imagesanalso be
introduced, my experience is thiav participants us sketches or other neextual
mears. People can writelown theirideas quickly.Conversely, thwing a concrete
concept or scenario takes time and requires specific SKilésefore, his research also

explores how abstractness and concreteness affetbfypong performance.
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1.1 Context and justification of the study

Tonkinwise (2011) argued thatetlcurrent dominant perspectivan design thinking
(design research) is limited to the discourse of dedigsed innovation and
management research. He pointed out that this only reflentsof the knowledge of
design thinking andha the acadent world should also embrace the cognitive
processes of design agties. anything to do with forngiving, pleaantappearance
andthefeel of a design. Tdése concernare related tohe generation or representation

of a design concept.

This chapter discusstheimportarceof understandingsues related tiheprototyping
processof product design concept(one of the outconsof form-giving) in a
collaborative environmenbifferent types of product design work involve prototyping.
Only work relatedto product desigmvith asocial innovation missioocancover various
categories of design outcomé3 standalone productsuch as upcyedproducs (e.g.

a lamp maddrom recycled PET bottles or home furniture-a®ated with and for
marginalsed people); (i) standlone prodcts connectéd to environmental design
such as public outdoor product design (e.g. park and public furniture desigiii)
product and service systemsuch as bicycle rental business or sustainable farm

productsfor enduser network

Due tothe nature of the participatory approashich projectsface challenges For
example, it is important to eaore that non-professiomals can contribute tothe
professional and sophisticated social and economic problem sptadeeownershipn

abottomup strategyAnother challenge lies in accommodatthg different voices of

peoplewith diverse background and valuse.

Due to the complexity of the problespace, this research only focdsen the early
phaseof concept development or representation which | identifed one of the
significant challengeto hosting participatory design workshophe performancef
concept prototyping/Vhenhosting different design workshops for pedipten diverse
background, | found thatthe performance othe participants variedlf someone
formulated an appropriate concept prototype (sketch or maukearlier hissherteam

was better able tbuild and galuate tlke concept.
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Political issues or concers always play a critical role in the power tbie participants
andtheexecution of a community project, design prageetated tahepowerstructure

of the communitysocietyor an orgargation. As propo®d byEzio Manzini 015,

&collaborative encountedss the purpose of theact of design for social innovation

whereby thecollaborationof people lieghecentreof the actiorin which the actors are

involved to imagire new possible outcomes with sensibility and creativity
Collaboratve work brings benefit or called shared value ttee individual who

encounters the others and exchange something such as time, care, experiences,
expertise etc. Thus, the core of collabmrais the encounter where two or more people
interactwith working out somethingn whichtheyrecognsed the value Therefore the
essentialmeasurement of successful early phase concept prototyping i&line

exchange in the collaboration environmentFurthermoreghe emphased that the first

concern to ensure an active, collaborative, sustainable design project is to make the

pr oj e dekt&isiblecSonmequestions are prior to agk) before knowing howhe

workshop participants interpret the state of things and what the opportunities could be
recogniseddear gued that the first antctakésmse most gL
of the canplexity of the present and the dynamicghat stir it? How can wenake

viewpoints and wishes explick Howcanweé magi ne what doeéndt exi
(Manzini, 2015 p.121)

What is early phase concept oproof-of-concept and wheredoesit occur?

Designers or participania design workshapco-createa new understandingf the
problems ankbr creative solutiosto overcome thdimitatiors of different design
opportunities and constraints. In general,design workshop is constituted by
stakeholders who play the roté designes. Based onthe Stanfordd.school design
thinking process, the diagrabelow illustratesdifferentoperationsempahy, concept
definition, ideatiorandprototype stagesvith theexcepion ofthe testing stage and the
iterative proces@igurel.l). It representthebasic unit of ajeneal design processn
generalgespeciallyfor short design worksheayfe.g.from threehours tathreedays), the
iterative process is limited, thus a useful method is needed. This resgancimel the
first loop of the design procesgfrom empathy to prototype). Therefore the study

focused on theearly phaseprototype or proof-of-concept prototype(e.g. sketches,
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scenario design drawing arsimple mockup), which will be used interchangeably in

this thesislt is the opposite ahehigh fidelity modelhich is oftendevdopedlaterin

the design project. Furthermotbge user or public engagement is essential to promote

bottomup empowerment and ownership in the participatory design proasss,

prototype evaluation ortesgt o f aci |l itate peoplebdbs partic
feedback and stimulate creative ideasd@ogue. It is essential to understand and

explainthe correlation between h e d e s thgpnaerrtdisc iopra n andithke e x per i ¢
successful transformation from concept (ideate stagegaidy phaseprototype

(prototype stage).

Based ona review of many workshop design materials, formal discussibrand
methods supporting ideate-prototypeactionsare insufficient. In current practice,
there aremany more sophisticated methods that we can adapt from other.fields
Interviews and observational reseh methods fromthe social scienes or
anthropolog can be usedor theé e mpsa 6 h sdndtheeries to frame or cluster
phenomea and conceptcan be takerfrom the social sciencg or other scietific
disciplines forthe6 d e f i ne 6 are atsgneany cogritieer taols to facilitate
concept or insight developmeribr the 6 i d e a t ,esdich astha @etivities,
environmend, interactiors, objects, usefs AHIOU) and peoples, objects,
environmend, message servics (POEMs) frameworks. Unfortunately,
concepfscenarioprototypingmethodshaverarely beendiscused This researchvas
based on the premisieat earier prototyping willmore quicklylead to moresuccessful

design. This argumeig discussedn more detaiin thefollowing chapters.
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invitation & research) opportunities generation) visualization or
identification) physicalizing)

Figure 1.1 Concept diagram illustrating theasic unitof a general desigmprocess
incorporated into a standard design workshaih multiple stakeholdersTh e 06 Test 6
stageis excluded.

Figure 1.2 A selected recoridg of the Park Lab design workshopPostit noteswere
used to capture the participaiisdividual needs or ideas during the brainstorming

sessioron the first day of the workshop. Almost af theconceptsvere explainedn
text.
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Figure 1.3 Concept sharing after individual brainstorming and dispitgll Postit
notes Photo of the Knowledge of Design WeeElderly DesignWorkshopin 2017
organsed by the Hong Kong Design Centre dhdHelen Hamlyn Centre for Design,
Royal College of Art.

The integration of ideas (or conceptg)resentshe learning experience of individsal

or agroup of participants (assumitigatthey are all engaged in the discussion).

Thereis another approacko brainstormingideas or conceptsas used during the
Knowledge ofDesign WeeKKODW) presentedelow. The facilitator motivated the
participants to select potential concept and orgaaiit under a certain theme with
timeline. For instance, this case foadise the emotional experienad older pele in
an elderly cee cente on a particularday. This actioroffereda methodof managng
and identifyng specificinformation after a Postit brainstormingsessionn a group.

This methodwas base on the perceptios of the participants rather than trectual
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experience or reflectiors of real stakeholder(the elderly living in the care centre).
Thisis atype of scenario prototypethatrequiresdetailedelaboration or assumptisn

andhas amoreconcrete meaning than verbal concepts writteRostit notes

Figure 1.4 Reframinga Postit note concept into a hypothetical user journey or
experience. This is one of the apprasstio managhg and identifyng newinformation

basedon he groupdés idea brainstorming worKk.

What is the definition of aappropriate prototype? How carappropriate protyping
be better facilitated to support effective knowledge transfer, engagement and product
development? What factoadfectthe quality of prototyping?

Moreover, participatory design involving various stakeholders reguadvanced
design thinking techniqeeand tools to enable effective communication and
collaboration. Thus, this thesis aldbis perspectiveéo focus ortheprototyping process

as undertaken byarious participantslt analysed wat happensand howit happens
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duringthe earlystageof concept representatipwithout taking into account thather

stages.

1.1.1 Understanding design (knowledge building in design)

1.1.1.1 Overview of design thinkingesearchand why O6prototypingbd a

60sketchingdé are i mportant

Design isaboutlooking for bettersolutiors for the future. As Simon wrote about the
science of desigrieveryone designs who devises courses of action aimed at changing
existing situations intpreferred one¥1996,p. 111)

Nigel Cross arguwkthat designis a coherent discipline of study (19821) in a Royal
College of ArtreportentitledDesign in General Educatiofhe reportconcludel that
design is an activityjocusedon theconception and reahtion of new thingsDesign

encompasses the appreciation of Omater

pl anning, i nventing, maki ngthebn dandoiag e

i al

0. oT

60 mo d e lIn additign@esignhas t s own o6t hings to know, wa

and ways of f i ndrosspmpaedbtheestudy phenoneh acnoss .

differentcultures, focusing orscience, humanities and desigashownbelow.

Table 1.1Comparson of studyphenomeain science, humanities and design

Science Humanities Design

Phenomenon of study Natural world Human experience Artificial world

in each culture

Appropriate methods Controlled experiment Analogy, metaphor,  Modelling, pattern

in each culture classification, analysis evaluation formation, synthesis

Values of each culture Objectivity, Subjectivity, Practicality, ingenuity,
rationality, and imagination, and concern for
concern f o commitment, and 6 appprrioat ence

concern fo

Although it isclearthatthedesign process always involves multidisciplinary concerns
and methods, the inteovennature of design is driven liied e si gner 6 s |
synthesis all elements to formulate an appropriate solution abductiVélg. ultimate

goalis apragmatic wayof 6 ma k ithegréation ofa meaningful physical form
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The prototyping approach (Brandt, 2007)is important for the development and

improvement ofangible experiencain the creative process tifeartificial world.

In addition Cross (199B) emphasisethe imporance ofsketchingin designbased on
Daviedreflectionwritten in 1985Davieswrote,6 1 dr aw ieovmeat hifngt s Ap
ithe act of drawing s eemsslineae cahuaderstang my t h
thekey idea that designeadopt sketching astool for clarification. Clarification may

involve the following

)] Knowing what it is: having a clear picture of a proposed idedationship
between th@artand thewhole).

1)) Knowing how it is made understandinghe details of the form, material,
colour and texture that wibe implemented in the concept and anticipati
how it can be made

iii) Knowing how it aligns with the brief and requirements adapting and
comparing the design criteriancluding user, society, market and

environmenrdl needs

It is also important to note that sketchin@issefulstimulusfor developng ideas for

creating forms. Cross 199%) explainedthis with reference tahe sketches othe
architect Alvar AaltoSketchng helps designed s ee pl ans, el evations,
all being drawn together and thus all being thought about, reasoned about, all together,

alongside calculations of areas, volumes, and perhap$icosts

Here Cross used the tednr e a. slofartbercitedL a ws o n 6 s ofithesiseof s si o n
sketclesasatool for criticism and discoverpesigners perceivinese twaactionsas
a critical and reflective dialogusetweenthemselves and the skeédin an iterative

procesghatfacilitatesdecisionmaking to explore new ideas and eliminate ideas.
Thereforethis thesidocused primarily on the practice of product desidn particular

the mainresearch interesay in analysng how designes formulate (argue/reason)

prototypesto make sense of a design or concept

34



To beterunderstangbrototyping there are threlroadcategoriesn the field of design
researchassuggested by Nigel Cros2Q06:

i) Design epistemologythe study ofdesignerly ways of knowing
i) Design praxiology/praxeology the study of design practices and
processes

iii) Design phenomenology the study of the form and configuration of

artefacts

Visual reasonings a matterof creativity in prototyping The form of reasoning (e.g.
reasoningin physicg is a fundamentamarkerof the epistemology of a knowledge
domainor field of study.Mathematicareasoning can belearly expressed in written
form (potentially as anathematical/numerical formula). Unfortunately, pinecess and
design outcome (e.g. creatng a personal experience)f product developmendre
difficult to describe only in written or similar forms; they require visual images

symbolsor even physical/tangible structures.

To studyhow designescreate grototype, it is also necessary to understandigeal
and spatial reasoningof human beingsDue tothe creatie nature ofprototyping
design scientistind it fascinatingandcognitive scientists and computer scientists pay
considerablattentionto it, especially vith regard tothinking patters and processs
Duringthe workshop and forunmd/isualandSpatial Reasoninfpr Design Creativity
organsed in 2010 and the articlespreseted at the sametime, a group of
multidisciplinary design scientiségldressedesignissuesased on the idghat design
is an activity in which the creation of worlds takes place (Gero, 2014). The
interaction betweenthe mind and the representations of aréfacts produced by
designersattracted much attentiomom scientistsin different domains. The forum
emphassed that visual and spatial reasoning pkypivotal role in design eativity,
which hasrarely beendiscussedn the pastin addition,it was evidentthat designers
had largelyadopedthesystem ofexternal symbokin their creatiosthroughsketches,
diagrams, visualsation and visual imageryinvolving a strongcommiiment tovisual
and spatial reasoninghe discussionfocused orthe field of systens design (Gero,
2014).
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Visual and spatial reasoningn design creativity involh@ external andinternal
representationgMost researclon sketching and visual reasonihgsemphassed the
importanceof sketching (the external form of representation by des$yrmpyinglittle
attentionto the reasoningcapability of designerin their minds (inner representation
The mainproblem is that this type of data (imagentle minds ofdesigners) cannot
be seen and recorded by others. Nwmual thinkes may also findsuch reasoning
difficult.

A holistic understanding dfow designers thinkandparticulaty how theyconceivean
idea or conceph any form or patterrsuch as a prototypés essentiato build domain
knowledgethatcan contribute to curriculumtesignfor designes andthedevelopnent

of toolsand strategsfor design educatioanddesignmanagement.

1.1.1.2Prototyping as a type of reasoningn the product designprocess

From industriakkation to the emerging neddr social innovationthe study ofthe
nature ofdesign thinkingand how itcan be understood and applidths become
increasinglyimportant. Although the conceptdomain knowledge and education
curriculum of product design fiabeen developed and expanaeer theyears skills

in drawing, creating modelsor prototypes and experien@ design processefrom
generalto specific) still play a major role inbasic training in design schoolA
prototype can be considered as an ideation technique. Deamsaking takes place
when a physical object is built and encourathesyeneration of new idease build

to think.

Definition of Oprototyped

According tothe etymology of@rototyp& from the MerriamWebsterdictionary
(prototype, n.d.)the prefixprot-, or proto-, comesfrom the Greek meaningdirst in
timebor dirst formedd A prototypecanrefer to someone or something that serves as a
model or inspiration. It can be understood the original model of something
consideredsa pattern (or archetypd) can alsaefer toan individualith the essential

characteristicof a later typeFurthermore,a prototypeis the standardfor a typical
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exampleandcan be a first fulscale andyenerallyfunctional form ofthe new type or

design of a construction.

0 @ncepbdrefers tathemental ideas and knowledge tlaat individualpossessed.hus,

a product prototypeanbe the first functional form o product design concept that
represents the essential features or a pattermgexs a model or indureg anoriginal
inspiration.A prototype can be further recogedthrough the lens of prototype theory
which describes theategorsation modewith a graduatlifference in cognitionSome
members of a categoplay a more dominant or central ralean othersFor instance,
in the concept of seating furniturachair ismore frequently cited thaa stool. The
concept or wordyreatly affects communicatigras peoplemay associate the abstract
concept (e.g. furniturewith its different subcategaes In contrast, aprototype
represents aelatively concrete type or image tfie construction of the concept and
inducesthe association of clear and precise sensory experiengeluding sight (a

specifictype of structure, colowr symbol) and touch (specificmaterialor texture).

In product design,prototyping involves materialsing a concept or conversely
conceptualing anidea by manipulathgtangiblematerialso createavisual, physical,
tactile or symbolic experienc@#alsh et al. (1992) statehat design is the activity in
which physical forms given to an idea or negahd it further develops fromsolution
conceptsto a design withthe specific configuration or arrangement of elements,
materials and componentBhe ability to shape forms (form-giving) is an essential
mears of solving design problemshat carriesthe representation athe aesthetic and
functional meanings of a desigiio establish theprofessionalism ofthe design
discipline, it is necessary to construts philosophical positionin terms of reasoning
like other professions. For instantiee domain knowledge of mechanical engiiregr
or accounihg heavily relies on mathemaéitreasoningPrototyping(including design
thinking), a process considered tacit and impligtan innovative activityand an
effective approacto sohing ill -defined problera To betterunderstangbrototyping it
is necessary tetudythe characteristics and modesof reasoningin the prototyping

process

Much design researchasfocused on the user-centred perspective which is useful

for informing design strategy and management. Discussabout design thinking
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(designspecific cognitive activitiessuch aghe way of thinking of designers have
alsoproducedfruitful results. Unique ways of thinkingsuch asabductive reasoning,
solutionroriental thinking, synthesigdriven thinkingandnon-linear iterativethinking
to help solvewicked problers, have beenconsideredas critical modes of thinking

duringadesign activity.

In addition, prototypingis amethodof designreasoninghat goes hand in hand with

the process of tackling wicked problem

A saturated and appropriate product design solution heavily relies on how designer
frame problemsy proposinga product form or visual structuries relationship with
theus erthes t @ark e h o | d e rteclnolagirsptaditioralrcrafesmanship and
advanced manufacturing techniques), business matielsnvironment and socst
issues This can be inferredrom the fact that designers spenthost of thar time
sketching anfbr building a physical antbr virtual prototype during the
conceptuakbation procesdHowever little research has focusean the visuatspatial
reasoningprocess forconceptualing a prototype in particular thevisual form
shaping ability of designes and the waydesigness transform verbal means into

visual mears as a reasoning method.

Visualspatialthinking isrelated top e o p iht@ligence. People with higi visual
thinking intelligenceare moresensitive to visual and spatial clgehelpingthemexcel

in reasoning in terms of visual structsignd spatial relationshgpTraining in visual
spatial thinkingis obviously themost rigorousform of training provided by most
studiobased training design schedln addition, design is an activity associated with
theability to draw beautiful objest(shaping appearance or foistyle-giving), which

is an importantaskfor industrial and product desigrseRaymond Rowey (1893986),
renowned for higrominent role irshapingthe material culture and stylef his time,
wasan iconic industrial designef themodern design periodegarded athefather of

industrial deign

A concept ketch is themost basic form of a design prototypeThis reminds meof
a famous 138 centurystory. One ofthe greatest mastsiof the early Renaissancé)e

Italian painter and architect Giotto di Bondonewda perfect circldy freehand in red
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paintto prove his sypreme ability in paintingn front of the Pope.For Giotto, this skill
was metonymic ofthe ability of the desigrer. His ingenuity closely linked with his
outstandingeyehand coordination (perceived as a natural giftf®public), could be
observed ints external form i(e. seen).Design educationodaystill pushesstudents
(especiallyat thejunior level) to master sketchinglthough effors have been made
switch to computer visuadation. Sketching is still considered one ihie most

fundamentatargets otraining and gractial tool for desigractivities.

However not everyonevhodrawswell is agood designeindeedyarious design tools,
such axomputer software and 3D printing technologies, cansleg andmay everbe
more powerful than traditional visusdition and hand toolsTherefore why is
sketching so importanto designers?A lot of researchhas focusedn sketching.
Researcharhavetried to understand the logic @bnceptrepresentatiofor designes
(or architecs), enabling thento build a formal language systetm optimise computer
tools that can facilitate or stimulate design actigg Howewer, here isa gap in
knowledgebetweenthe design procesandthe visual reasoning of product designer
Designers usea creative processhat combinesexplicit reasoning (g. through
sketching) and implicit reasoning (happémg in their minds). It is obvious that the
complexity of the design experiencés not fully reflected insketcles or verbal
expressioa The complete phenomenahd designexperience) is a complex mixture
of theembodied experience of vision, sketching ¢éged coordination), memargtc.
Many scholars hee investigatedhe phenomenon through-depth qualitativestudes
(Goldschmidt, 2001¢ero, 2015; Owens, 20L3However based ora collaborative
design approach with different stakeholdersincluding people witmo professional
training on tkese specific design tools, conventional concept representation thaeans
verbal descriptions and sketches on paperainthe mostcommon toolsl discusghis

topicfurther in the following chapters.

1.11.3Development of product design research and btééneck

Thissectionhighlightstheimportanceof product design research and the researcé gap
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From a product-centred approachto a user-centred approach to a participatory

design approach

The hstory of product desigrand product designeistartedwith the beginning of
industrialsation in the early 18 century, which emerged to meet the new demands
created byhuge populatiogrowthin the Westerrworld: anewdivision of labar and
new professionaperspectivesstamardisation and changesn value a new factory
systemandnewlifestyle (vs. farming), steam engiradothernew travel experiensg
mass productiorand a capitalst hierarchy. From the era of the productcentred
approach taheusercentredapproactof the1980s, it isuseful to differentiatéhetasks
of product designer product enginesrand others in the development, manufaotyr
and distribution of new prodwtto identify uniqueproductdesignknowledgeand

designesdbcontributions

For instancethetablebelowillustrates the relationshipetweertasks and participants
during atypical product desigmroject. To simplify the iterative nature of each project,
only four distinctphases andneevaluation phasare usd toprovide insighs into the
commonalites and differencesbetween projects in the initial discussion. The
descriptions reflect my personal professional practgtbe chief designeof a project
from 2000 to 2012.The tableshowsthat a single actorcan have multiple roles
especiallythe desiger or project managetn addition,individual actorscanassume
theroles of others aridr contribute tospecificdisciplinary taskdrom time to time
The four classificatiosof actorsarenot ound toan individual personinsteadthey
refer to disciplinary task This complexity of working pattesreflects the reality of

themultidisciplinary nature of product development.

Table 1.2A case study illustratintheroles ofdifferentactors in a design process

Actor roles
Project phases Designer Businessman Engineer Manufacturer
1 Discover i. Generag design i. Pricing; i. Idertify i. Identify
hypothess; ii. Competitor possible possible
ii. Competitor study;  study mechanism mechanism
ii. User study; andproduction andproduction
iv. Identify possible processs processs
mechanismmand ii. Pricing ii. Pricing
production
proceses
v. Pricing
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2 Define i. Designabrief (all i. Designabrief i. Designa brief i. Project

inclusive); (marketing); (materialand schedule

ii. Project schedule; ii. Project schedule  production); (manufacturin

iii. Project (including ii. Projectschedule gand
management product launch);  (manufacturing; delivery);

iii. Project iii. Project ii. Project
management management managemen
(manufacturing (manufacturin
plan) g plan)
3 Develop i. Explore design i. Explore i. Explore i. Explore
solutiors; possible engineering production

ii. Mock-up test; business solutiors; solutiors;

iii. User or strategesmodel ii. Mock-up test;  ii. Mock-up test;
stakeholder S iii. Evaluation iii. Evaluation
evaluation ii. Evaluation (engineering (manufacturabi

(positioningand feasibility) lity)
pricing)
4 Deliver i. Final i. Promotional i. Production i. Production
visualisation; statement; drawing plan;

ii. Final prototype ii. Final business ii. Production ii. Final

ii. Production andmarketing plar production;
drawing plan; iii. Final iii. Packaging,

iii. Maintenance production transportation
plan and
installation
5 Evaluation i. Quality i. Userfeedback i. Quality i. Revisionor
inspection inspection refinement

ii. User observation; ii. Revisionor

iii. Selfreflectionon refinement
thedesign

process and
decisiormaking

Please not¢hat the above sample cases paeticularlyrelevant tonontechnological
designprojecs andthat fewinvolve significantinput to support anew mechanical or
technological desigrin which the hypothesis may leadda importantechnological

breakthrough.

It is obvious thammany tasks undertaken by individual actoverlapwith the stages
handed by designes. In addition designes assume front-line rolein interactng with
users andliscovemg and meeing their needs.They are alsorequired to achs an
integrator or a hub to connetispersednformation andormulateend resukthat can
meet theneed=f enduses. Thisis far beyond a single profession andsievenmore
challengingin the context ofuisercentred designTo betterunderstand the real needs
of uses, designes adaptdifferent user research methods frother disciplinessuch
as anthropolog social scieoes or ergonomcs. More importantly, designsrand

researchexcannot understand users withaddressing more complex sodeduesand
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S 0 c i eall ty @npower stakeholdets take part in the decisiemakingproces on

design for their communityn Hong Kong usergstakeholdersvere first invited to take

the role ofdesigners in thelesignprocessn early 2000 in line with the educational

and governmental agenda, angsinessorgansations are slowlycatching up.

Participatory designwith a co-design or cecreation platforminking designers with
multidisciplinary experts and other stakeholdemmerged in Hong Kongearly two
decades agd-or instancecommunitystakeholdes have been involveds experdin
their own Ives in decisioamaking on research and desigrelated totheir living
environment since 2001 (Kwok, 2004)Participatory design has thus becomean
effective approach to colleng user feedback and relevantormationin Hong Kong
Similarly, Demirbilek and Demirkan (2004) adoptefaaticipatory design approach
to examineu s er s 6 abautithe safety,susability and aestheticsre$idential
designandto improve the quality of life of independent older peo@andersand

Stappers (2008) furthedtefined co-creation or co-design as collective creativity

through collaboration between designers and people without design training, working

together in the process of design development. Hesgribedhe development of eo

design from the participatory design approach movement that emerged in thed970s.

addition,Nigel Cross adocatel6 us er par t i ci tpimpgrdvedhe design
process i n c eThi8dpdraach involvethe participation of @esigner an@design
researcheto reflect on and critigeusercentred desigito move towards co-creation
with a more peopleentric and networked approagjiving more weight tdahe views

and skillsof active usersnstead of focusing oproduct or manufacturex

design

However, this approachas limitations when engaging with thtypical 6 wi c k e d

probl e niBuchanan, 1992Dalsgaard, 2014)in which the scope of desigis

entanglé with multiple kinds ofdomain knowledge andtherfactors. In particular, it

is challenging for both desigrssaind nondesignes to integrate ideas without knowing

the relationshifpetweernunknown factorssuch as how people react to different types

of products and situations. The design team cannot exhaustively collect aneé bigalys

datato identify usefulinformationduring the generallyshortduration of aworkshop

Therefore, his researchvas based on the premitbat if the project team cadevelop

a prototype early in the development phasemore promising reswdtan be achieved

more quickly
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1.1.1.4Black box: Inside the brain of designers

Before delving deeper intothe mechanism of prototyping, this sectisaeksto
understandone of the major phenomemin the design process involving designer

cognitive issug

The design process has been studied focrigsative potentialwhichdrives innovation
and integrates thoughts innaultidisciplinary environmentUnfortunately, aesthetic
creationor the form-giving procesgincluding prototypingyemainspoorly definedin
terms ofthefunctioning ofthe braindue to differences ipersonal percepti@of visual
elemens andthe gap betweewerbal and visualanguageand practical and tacit

experience.

Desi gilack bo’kd process or way of thinking sho
completedesignprocessinsteadit canbe seeras a rather unique proceasdtype of
design thinkingl argue thathe termrefers to the integratn ofideas and exchion of
other processesuch as user research and iteggtmanufacturability analysis, material
and structural exploration and production plizng. As Jones (1992) suggesteldring
black box thinking, integration6 i n V) experimentation andii) a creative leap
Different types of experimerdre involved such asproof of idea by sketching or
paper modeltestng. As this research focusion the implicit process of desigisavho
integrate ideas into a product, explicit experimesish as material properties iegt
and mechanical stugwereexcluded. The terddmplicit experimentatiobwas adopted
to identifyaspecific designer experience during the idea integrati@sein particular
theproof ofideathroughprototyping (sketching).

1.11.5 Effects of imageability and concretenessn design ability

Kroes (2002) argued thathe lack ofclarity and understanding of the nature of the

design of technical artefadatssproblematic

Peoplediffer in intelligence and perform differently in the design process
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The designprocess is gractical framework helping designersto more effectively
managea projectthemselves andith collaborators and clienté&bstractand generic
descriptivemodek such as thevell-known double diamond model proposed ltlge
British Design Councjlwith its four main stagesor the fivestage design thinking
modelof the Stanfordd.school providean overview ofthe completedesign process
Other similarmodelsinclude more detailed or specific components and itbeative
natureof thedesign proces©ntheone handtheyhelp ugo clearlyidenify individual
thinking or working processin a messy design project in terms tbie iterative or
abductivenatureof combining different factorsuch as ideasctors, environmental
and social context®©n theotha hand theyoversimplify the processesvork and inputs

of thedesignes.

This is problenatic, although more sophisticated deasigrocess modelave been
developedThe gudy of product evaluationsuch as product design assessment tools
is well developed. Theories such as product semantics and emotional desiggl@lso
evaluate design conce@nd inform designersf the most reasonabtiesignstrategy.
However, fom my personal work experience with other desigrsttglies 6 creative
practices (e.g. formgiving or prototyping) and design evaluation (e.g. product
assessment methodsijll operate in two distinct world®esign evaluatiohasreceivel
more attentiorirom academis. However,form-giving or prototyping remaingpoorly
defined Why canwe draweven ashildrer? Why cansomepeopledraw bettetthan
other® Whycansomepeople createbject without drawing?Scientists in education
and psychologyavehighlightedseverafactors conducive to drawing skillsud asi)

a stronger visual memoryi) better fine motor skilt to controlthe pencit iii) know-
how, skills anda mental libraryregardingthe manipulation of tools and materialnd

iv) spatial intelligence to support mental rotation. éflithese capabilitiehielp people

to draw andcreat threedimensional objectsThe queson is whetherwell-trained
designes cansketch andcreatemodesk betterthan nondesignes. Obviously, people
can master different skillhat arenot relatel to their careepr education Therefore,
whenorgansing a collaborative workshop, grouping the participants according to their
disciplines is not appropriat&he e&act intelligence profile of individualshouldbe
used toform teans if teams requirenultiple and diverse talent$he most common

practices arethe measurement ¢ andselfevaluation.
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Poor understanding of how designersmaster visual elemens

Manystudieshavefocused onthe development of evaluation and vissationtoolsfor
production. It makes senséo accruerich product design knowledge related to
production or manufacturing engineering. Unfortungtebithough there are
sophisticated design process modétg latestvisualisation tools for designcannot
replicatethe approach taloing (reasoningdf designes, exceptfor the realgation of a
product form which occurs during later stagesof a project such as rendering,
assessment and productidinere is a need to develop vissation moded or took to
facilitate idea generation (not generatedalmpmputer) and exploratioihisis closely
related to the reasoning process during sketchingdioigcomputersed visudi sation

tools) andthe conceptuakation process itheminds of the designets

The transformation of verbal into visual conceptsi 1 mageability and concreteness

Product designor prototypingis a visualspatial inferencalriven processWith a
systematic and holistic understanding of design reasoning, designdrdesign
manages cantacklethe mysterious (tacit) and coneglchallengeof achievingmore
objective, explicit anéffectivecommunication antheasurment.Thispromotedetter
and more refinethinking and the moreffective managment ofcreative projectand
alignment ofwork patteris as reflectivedesgn practitiones. This thesissoughtto
identify what elements and factors constitute the vissftial reasoing adopted by
product designar One of themainconcepsis imageability. The term wagirst coined
by Paivio et al. (198) to describes theoncretenes®f wordsthatgiverise toasensory
experienceMore concrete objectsore easilicreate a&ensory experienc&€hus words
with greaterconcreteness should aleavegreaterimageability and vice versa. There
are exceptional casan which high concretenesis linked with low imageability.
Concreteneswas one of thenainmeasuresused inthis gudy. As acommonly known
and wellaccepted approado idea brainstorming anthe early insight or concept
development phasethe formation ofverbal or written concepplays a dominant role
in design workshap For instancemakingnotes orcollecting ideas on Podtnotesis
away tofacilitate communicatiom agroup Genegslly, workshopparticipants need to
imagineand draw (or make) a sketch (or prototype) based on the denotation (or even

theconnotation) of a word or sentendéderdore, understandinghe transforration of
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verbal concegtinto visual conceptthat providesensory experience @itical to the

success of prototyping arkde ongoingdevelopment of product design.

1.1.2Technological development irdesign

Compaed with manufacturing engineeringvhich aims to produca predetermined
object,the discipline oforoduct desigrseeks tqut foward andor male new objecs
byshapi ng mat e rhbelaviosrPradua depignaupematdyias to create
meaning andprovide a function to communicate ancheet the needs of userg&or
instance, a furniture designer formulates a seating soloyiamaginngan appropriate
structure thaprovidesphysical support andnewmeaningor valuefor aspecifictype

of user using the best matgals and production methods. Thus, manufacturing

techniques are always concermneth design reasoning.

The issue of technologicallevelopment isa critical factor ormajor constrainthat
affects and guids the decisionmaking of product designers Product design is a
discipline dedicate to the materialsation of culture through formgiving. That is, a
disciplinethatmanipulaésphysical materials to cresd physical structurer prototype

of an idea or concept to give birthadunctional meas for people

| believethatmost senior product designers can imagine the manufacturing process in
their minds. For instance, desigrssireable toimaginea hammeprogressiely forging

a flat metal platénto a bowl structure. Thigrgumentwvas integratednto the research
questiors asked inthis thesisIn addition,| proposedhatthis thinking approach ia
crucialform of reasoning in design and a type of vissphtial reasoning because of
the process of animating changeshestructure or fornof the materialBy exanining

how designes manipulate materials processing or manufactunreghodsin design,

we canlearnmore about their reasoningpntributng to the theory of design thinking.

There are threenain concerns abouhe manufacturingechnologiesnvolved in the

daily design process

(I Traditional crafting techniques
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Before theeraof masgproduction with synthetic materialsraftsmen wor&donly with

natural materialssuch aswood, stone or other organic (animal bones)norganic
materials (minerals)In principle, the subtractive manufacturinpethod (cutting
materials fordefinitive purposs) was used in machining or hand teolor instance

milling, drilling and turning.

Crafting techniques aigdat changng thephysical properties or structuoé materials
such asberding, rowing, twisting, stretcling and compressg, are essential for

craftsmen and designers to envision and explore their design cencept

Theideaof manipulating materialselps designes think aboutheir idea.

(I') Contemporary manufacturing technologies

Manufacturing technologies habeen developed to support eokt, batch and mass
production. The processes include forming (includihg aforementioned crafting
techniques), machiningfastening and assembly casting, malding, additive
manufacturingr surface finishingThenewadvanced mnufacturing technology the

addtive manufacturing processsually called rapid prototyping or 3D printing.

In most manufacturing processesticulatingideas helpslesignes, especiallysenior
designersto anticipate and manipulap®ssible outcomes and constraimgserms of

design criteria and design intent

(11") Material stechnologies

Choosingappropiate materials andconsideringthe propertiesof the materialsare
essentiafor designes to create an objeatsingcertain materiato achievea certain
structural and aesthetic functiddatural and artificial materials involve different types
of manufacturing procesas mentione@arlier Depending on the requiremsrf the
design, designermay be confronted withcompkx reasoningto choo® the right

materials. For instance, opaque, transpaogntanslucenimaterids may affectthe
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visual and functional properties of a design. Designearstcorsider differences (e.g.

pros and conghroughtheir visualgation techniques (internal or external mgan

Although technologicalunderstanding can be articulated and transferred to workshop
participants, it is not reasonable to introduds kimowledge ina shorttime. It is also

not practical as there are many different and new technologies that the workshop
plannemaywantto incorporate aa mears of production such as 3D printing. In most
workshors driven bysocial aspects or problems, technolagyot introduceduntil a
specific problem space and solutibave beendentified. Otherwisgit would be
meaninglessln contrastwhenresearch onlyocuses orhe early prototype process,
technological understanding becomes less important. However, it is a potential research
area thatanhelp betteunderstand how to improwte performanceof designes in

themiddle or later part of a project. This isstaninform future research.

1.13 Service, evironmental and socialissuesin the designprocess

In addition to manufactuing concerns designersare concered aboutrecycling,
maintenanceand other servicassuesduring the design processespeciallywhen
identifying and definng a design problem or insighFor a prototypeto become a
central entityrelated to various concerns and interactiit is necessary to adopt a
holistic design approachrhis explainswhy the visualisation of the prototype is
essential fothe designprocess when a design team undexsak compéx scenario

involving many stakeholders and factors.

For instance,n recent yeatsnoreand morecustomers andesignerdiavefocused on
creating ssustainable economyhey imagine wellthoughtoutsystenof sustainable
consumptionnvolving reused or recycled materiadad biodegradable materials. The
performance and sustainbity characteristicef materialsnewsustainable production
and logistis approaches anthe recycing system hae createl new constraintand
new opportunities for design reasoninghadevelopmenof sustainable produstThis

scenario is moreomplexthan the conventional user problem.
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More and moreinnovative business modelare involving the empowement of
underprivileged communés and the development ofindigenousculture Design
reasoningn this areas a promisingthinking modethatcanintegrate different contexts
in terms ofdevelopng new social innovation stteges Design forenvironmental
corservation and societal contributier{not only for profits) is an emerging design

criterion as important as boosting business gravabkbefore

In light of theabove discussion, the scope astlesearctiollowed thethemeof design

for communitesrather than a traditional product used by a single type of end user.

1.14Peopleds per specthinking i n design

The preceding sectionsdiscussdesign thinking and varioutechnologicalcontexts
(production, maintenance welated servicesYhereforethis sectionaddressepeople

including uses, theconsumer market and desigser

1.1.4.1Consumels or users

It is always useful for designers to know the needs of users or consumershd&here
beenmore discussioof this topic thanof the processf designing itself. For instance,
theoriesof the user® perceptios of aesthetics or emotionalxperience in product
designhave beerdiscussedxtensively.Knowing how uses or consumes perceie
visual elementss useful and practicdbr effective design outcomel.is obvious that
designers adopt certamles such ascolour theowy, product semantics or affordance

theory, to solve a design problem.

1.1.42 Refining designguidelines to facilitate collaborative prototyping

How do designes createforms? More specifically, howcanproductdesignes make
sense of a concept, eithies symbolic functionor its structural functionor both,by

manipulaing visual elements and materials?
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There are twanaincommonpractices irthecareer development of desigser visual
thinkers amongdesigners identified as unique taldyt most peopleFirst, designer
aregoodatobserving emerging tresth societyor experiencing through participati,
such axhangesn ideology, lifestyle and technolaml application Secondjnspired
by thar observatios and experienceof changing societytlje outside world of
designes), designers looKor structuralpatterrs in a fragmented environment ar
chaotic situationin the outside world (calledeinginspired and making sense ttis
inspiration). This cani) inspire new interpretation strateg, such as newiunctiors,
new definitiors of things,new ways of thinking ornew ways of seeing thing andii)
inform new typs of visual expressi®ior experiencg, such amewvisual structurs,
new materias and surface finishing or any new visual form of expresgionhich a
newvisual culturecanbe proposedn a pagmaticway, designes try to enricHiving
conditiors by meetingthe criteria and challenges dfie outside world and comp®s
new forns of visual languagéhatcan be understood by other stakeholderemthis
perspective, it is essentifdr a junior designeto learn how to acquire usefulsual
information fromthestudy ofthe world and to formulateffective and innovativeisual

design strategies.

Is it possible tadentify a more subtlelifferencein the fundioning of prototyping and
visuatspatial reasoningand will this differerce appearin the latest collaborative
design environmeftlf there isvariation, what is itHow does it work andcanit be

improved?

Two main variables informedthebreakthrouglof this study Their effects ontheway

of reasoningof designersin collaborative modewere further examined The
aforementionedmageability andprototype (sketching)were themainvariablesused

to refinetheguidelines for designworkshopfacilitation, such ashow concreteness and
abstractness enalikam communication and collaborative prototyping In addition,

in terms ofuserevaluationaprominentbenefit ofimprovingcollaborative prototyping

is the shift frommeetingfunctional needs téocusing onthe user experienges the
design team can focum the user sensory experience and collect user feedback if the
prototype is ready in advanda simpleterms fulfilling functionalneedge.g. comfort
ability) is no longersufficient in participatory design practicénstead,we should

promotesatisfactionwith usability, awareness of selfdentity, sense of community,
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ownership, pleasurable experienceand/or social responsibility through & easier
prototype evaluation irvery community design projedh other words, @rototypeis

essentiato a successful design.

1.2 Objectivesof the thesisand research questions

1.2.1Introduction : The need to fostemprototyping research (part of the design

process)

How do designes manipulate visual elements and materials dupr@otypin@ We
canconsider this question in light tie definition of desigoffered byGalle a type of

action in terms of plans, intentions and practical reasoning. Designeége the gap
betweenthe function and structure of an dfidct (Galle, 2002)This is a proces®f
materialsationthat notonly involves6 y es or no 6 quedfiosdutealsoe or
Obetter or not 6, 0 p ogsiestiors) rgeliring reasoniog abouta n d

communicatiorbetweenartefacts angarticipantgdesignes andother stakeholdsy.

1.2.2The missing piece of design knowledge practical creation

As Burdick (2009)proposed current stugks of design thinkingn design researchre
limited by a misunderstanding of desigtheasked how iis possible for educatioal
researchto explicitly constructdesign concepts without ever mentioning the value or
professional practice of actual designdn adlition, business studs have adopteda
design thinkingapproach shifting business practiseand ways of thinking fronan
analytial approachto a more generative, creative and 1igking approachHowever,
athough design thinking has been praig®dolvingvariousproblems (from education
to business) and enabling multidisciplinary collalioras, Burdick arguedthat this
emergingtendencyto adopt design thinking mayjisregardartefacts and thie making
that is,the dominant activity of designete enga@ the world. As Burdick (2009)
commentedhe handsn creation of material culturean bring the learneiin-depth

knowledge and understandititan passively receiving the knowledge.
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Moreover product design is nobnly the result of functional objea providing
mechanical functiomor physical spportfor uses; it alsooffersmeaningful concept

with symbolic and cultural value for usaand stakeholder

In most design schools, product designacquiretheir professional skillsn form-
giving throughconventional handen training. For instance, sketching exersiared
model making (physical and virtual moteg) are twomain skills taught to every
junior student. Firstiraining insketching helps desigrssio develop the articulation

of representation technigsiand mental moded of two- and threedimensional visual
structures. Second, model making (physical) esapl®duct design studento
imaginea possible solutiotaking irto accounthevisual and tactilexperiencsof the
materiaé, the mechanical properties dfie structure andhe user experiencé/irtual
modeling techniquse help accurately represent a concept armadfer more reliable
validation or evaluation. Tlsetwo handson trainingtechngueshelp make sense of
theform and functiorof a producby consideing theaesthetic experience and meaning
creation for communication in a particular social system (e.g. a product for specific
social clasesand represeirtg the corresponding social valué&ketching and model

makingareforms of prototype.

With the introduction of humanentred design andonsideration ofuser needs

preferenceand consumption pattesrdesignresearch frontheu s er 6 s phasr spect i\
receivel more attention than reseaftbmthed e si gner 6 s p basslegnect i ve.
little research on the positive contributsonf the aesthetic value or styling value of a

design. Of course, research on the effectiveness of product interactiotheand

emotioral quality of a product has been discussed extensively. Tonkinwise (2011)
mentioned that desigasstyling or formgiving has been ignored in design thinking

researchThis is alsothe casein the study of design thinking and participatory design

the style and meaning of form langualjave been rarelydiscused or implemengd

Thi s ¢ dantéinputd prafessional designem mostof thedesign workshops

| organsedin Hong Kong.

Although theydo not necessarilyfocus on the aesthetic value of a producteaach
project, designes pay attention tothe manipulation of visual materials and its

relationship with functionality, usability anthe user experienceDo participans
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without design training need tmnsideraesthetior visual values ithe participatory
design process? If nalpesthe dominane of professional designehave anegative
effect onpublic participation and ownership? If yes, wihyt less addressedahen it is

essential? Howanwe improvethis situatior?

In addition this researchsoughtto prove thaprototypingis an intellectuateasoning
ability of visuatspatial elements or structgfie o r  t hrea ko isoragageabilityof
a productoncepiratherthan a matter of aesthetic outcomeiyting work. The resust
also showed that the 6 s e-m & le i or gntageability of prototypingis a state of
contextually preferable relational configuration of images and ,téésedon the
relationship between the designerthe user andthe stakeholder interpreting or

interactingwith it.

1.2.3 Extending foundational design theoryto enhance tte facilitation of design

workshops

Design is a relativig young discipline thatirgently requiresnore discussion and rigid
study d foundational theoriedJnderstandingheworkshop method (Westerlund, 2007)

in the context of educationill help to develop participatory design.

In this thesis, koughtto understancearly phaseprototypingadopted inthe product
design processom threeperspectivesthedesigner iy personal experiencg design
workshop facilitatorgexperienceof other designerg andanalyss of theperformance
of real workshop participanta early phase prototypingnpirical understanding o

participants with different backgrounds).

| adopedthe revisedrersionoB| o0 o mé s pr@pasedrbyndgrson et a(2001),
a well-established model, to cluster workshop trainictions and identify the
relationshipbetweenlearning outcomesnd the four stages ofne general design
process based on the double diamond model propostu Byitish Design Council
(Table 13). This matrix suppoedthedevelopmenof research questions ihesecond

half of this research work
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Table 1.3 Matrix of workshop trainingactionsbased o Bl oomés si x | evel

learning taxonomy anthe four key stages othe design process.

Levels of Actions

o Learning outcomes
learning commonly taken @
in workshop %
training =
Remember To describe, Be able toremember
define, * * * factual answers, recogss
identi fy the contextetc.

1] Understand To classify, Includethe abilityto
demonstrate, * * * * translag, interpret and
interpre extrapolae

11 Apply To apply, Know when to apply, who
produce, sketch, * * to applyit to, etc.
sol ve, é

IV Analyse To analse, Break down knowledge
categorse, . N N into parts and shothe
differentiate, relationshipbetween the
select, different parts

\% Evaluate To appraise, Explainthe criteriaof the
criticise, * * * projectand make decisian
compar e, with reason

VI Create To compose, Undestandsynthesis skills
construct,
design, * *
hypothesse,
pl an, é

As Nigel Cross (2006nentioned, the nature of design ability is poorly understaod

is oftenconsidered mysterious talenthe maindifferencebetweerdesignandnatural

sciencdies inthef or me r 6 s newformsi aadtits essgntia mModealfductive

reasoning.t refers to the logic of conjecturevhich some researchersave called
O6productived or ORrgnpnoyspersonabexperiedce asiesigs oni n g .
practitionerthe goal ofa product design activity ito materialsea concept thameets

theneeds of individual(functionality, usability and cognitive experience (e.g. pleasure)

of consumes and uses), society (e.g. custom, social valaed econonic valug and

theenvironment €.g. sustainability)This study d prototypingemphasisethis goal
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1.24Howtof aci | i t a treasodirg® sojvaceniplexgproblems?

In reality, we encounter congx scenarig that involveboth the traditional paradigm

of making sense gfroduction (e.g. effectiveness), user interface (e.g. ergospand
business innovation (e.g. capitaliswith mass production and lower cgstand
emerging valug relating to the implemenation of sustainability (e.g. social
responsibility), social interactiors (e.g. beneficial to communities) and social
innovation (e.g. local production, local consumptidofortunately,these objectives
areoftenpresentedscontradictoryin nature suchasbusness growth vs. sustainabiljty
involving a moredifficult reasoning procesfor designes or design teas This
requiresmore advanceskills and knowledge terms ofthinking tools and techniques
comparedwith previousdesigntraining at school.Thetaslsoftodayp s desi gner s a
morediverseyetmoreconfused thathey wergust two decades ago. For instance, the
design of a personal computer is no longer sintipdeffective integration of a screen
and akeyboard A PC mustnot only be a productiontool, but also a platfornfor
communication, study and entertainmeie toconnect to others and the worlthe
design of PCss also affectedby high levels of mobility, such aghose afforded by
mobile phone or tables. Designers musimake decisiors on social connectios,

mobility and mode of participatiomvhich may geatea newfuture for PC technology

How can weenrsure that current reasoning methdoisdesign espedlly prototyping
are sufficiently useful and effective to tacklihiesenew compkex scenarios? In this
thesis, themainstudy identifed and explord prototypingreasoning methodsdopted
in the design process by product designéerhis is a vast but fundamentaltopic.
Therefore, ¢ limit the researchscopeto in-depth analysis the early phaseroduct
concept prototypeusually generateah thefirst round ofideation in a typical design

thinking workshopwas the foaisof the thesis.

1.2.50ntological understandingand research contributions

The essence gdrototypingis not problem solvingnstead it is a human activity with
a tendency towards differentiation, innovation and meaningful creabesignes,
with their unique physical and mental ability to integraé materials, tools and

technologies, play keyrole inmeetingthe emerging needs of users dmase ofsocial
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and ecological systesnSimilar to all human beings, desigrseperform extremely
intricate, exquisite and distinctivactions during prototyping compared with their
counterparts toneetthespecificneedf users|t is important to understand the user
problems but also howthe designes reactto and approach tlse problems. These
characteasticsgenedlly attracttheattention of nordesigner or nofartistic people and
researchexfascinaté bythesecreativeactivitiesb e c a u s e o0 @iniquesvayiog ner s 6
reasoningn terms ofappropriatenesghetransformation and interpretation of physical
and symbolic materials and theeaningfuinteractiors betweerusersartefactsandthe
environment. This thesis also argukattheindividual abilities of designemay affect

the pattern or way of adoptimgasoning approaches to infer or make sense of a design
concept.To this end, idescrited theexperiencsof individual designesin the process

of reasoningboutthe appropriateness aflesign conceghroughdesign thinking and

its correlaton with design constraintsincluding technologies, users, businegwe
environment and socket Limited by resources and specific knowledge, | only
implemened a seltevaluation method to collect threasoningdistribution profile of

the sample (workshop participants). The fimain reasoning or thinking preferences
usedin individual thinking patterns to deal with daily issues (studying or workiregg

collected6o vi sual 6, 60 v ald b a baldy sakm@esstiteice.mat i ¢

To constructan ontological description ofrototyping constructionism was the
central philosophicgbergective guiding the methodology and research design of the

thesis.

1.2.5.1 Contributions

The contributios of this researclareasfollows.

First, his thesisexpands the ontological understanding dhe correlationbetween
concept generatioand prototypingn the product design process atitk theoretical
developmenbf design thinkingThe researcttontributes tadhe formal and authentic
understanding of product designaptice facilitating the decisionmaking ofdesign
workshop facilitators andesigners angroviding aneffective design tool supporting

product designdevelopmentand design educationn a participatory design
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environmentSecond, theéhesisempasises the importance oprototypingas a major
tool adopted by desigreto solve complex problems as a form of knowledgginct
from other reasoning approachesich adinguistics and mathematics. Third, was
assumd thateachdesigner adopthis’her own pattern of reasonirgffectingdecision
making. Therefore,obsenmng the nuanced approaches of designesas usefulfor
explainng the complexity oprototypingor thedesign process. Based on the resalt
holistic solution focusedn a design framework to facilitate the formation af
prototypingstrategy inthe product design processas proposed. Theindings also
contribute tothe debate on design as a form of intelligence (Cross, 20@8).pHow
cana taidgibld s o | uehvisionad? Ibi® difficult without professional training

Therefore, his thesis shedight on part of the puzzle.

In additionto the above pragmatic theoretical contributiom thorough understanding
of prototypingin product desigrcan further inform i) the refinement ahe current
product desigrcurriculun ii) the advancement of computational ®&br product
concept visuasiation and generatignand iii) the optimsation d reseach onproduct
design and development processto improve collaborative prototyping in

participatory design workshep

1.2.5.2 Summary of research arguments and approachesthe thesis

Table 14 Rationale of arguments and approacimethe thesis.

Challenges in  Unclearexplanation External challenge of Internal challenge of
building design of design concept  prototypingundertaken  prototypingundertaken by

knowledge prototyping by designesand non designes and nordesignes
designes

Problem areas The transformation 1-Diverse user and 1-Insufficient reasoning

of the study of verbal meanito community needs; methods or techniques to
visual forms and 2-Wicked problers due deal with emerging
structure is not to complex situations compkxglobal problems
explicitly described and factors (e.g.from the product
with respect to perspectiveo the service
physicaland systemperspective)
symbolic 2-The ndividual preferences
interactions with andabilities of designex
users. Design arefactors affecting or
reasoning is limiting design exploration
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understood athe
abstract level and

still perceived as an

arbitrary or artistic
action i.e.a black
box

and decisionThevarious
stylesof cognitive thinking,
such as visual thinkeor
verbal thinkes, maylead to
someone domining the
process

Mainresearch Arguethat theearly  Argue thatthe Examinethepersonal
guestions phaseprototyping framework of the experience ofearly phase
procesqespecially  participatory design prototyping of individual
verbal to visual approach (Sanders et  designers andstcorrelaton
reasoninyrequiresa al.,, 2010) shouldnclude to male sense of a design
specificandexplicit  early phas@rototyping  through verbal and visual
framework componentswhichare  clues
essentiato facilitate
collaboratiorbetween
designers and nen
designers
Expected To construct the To provethatearly To broadertheframework
research ontological phaseprototyping in of the early phase
outcomes understanding of product design practice prototyping approach,
early phase is aninference which currentlyhas no
prototyping in the techniquedriven by structured methodology,
product design contradictory conceptas  which weakers the ability to
process (to dialogue between generate appropriate
understand the blacl abstractness and conceptuakationand
box of the concretenesgienerated preventghe development of
transform ation of by designes as major final prototypes
abstract conceps thinking techniques
to tangible integrated in design
experiences) (wicked) problems; It
also affects
communicatiorbetween
designers and nen
designers
Methodologies Phase | Case studesbased on aelfreflectionapproachwere used toconstruct

amodel of visualspatialreasoning in product desi¢mased on theeflective
experience of the researchertbeproduct design procesghis led tothe
developnent ofa setof questions and basic research structutiistratingthe
different types oprototypingadopted irthe design proces$hase as a
stepping stonér Phasedl andlll.

Phase I Case studesbased onnterviews with operended questiagto analyse
the experience ajfther design workshop facilitatoasid theirreflection after
guiding theparticipants.

Phase llI- A design taskand correlational studgn a onehour design exercise
from idea brainstorming tearly phase conceptototyping (scenario design
sketching) was carried out and analyd through content analysis. Ttheme of

theexercisewas

6to design a

multigenerat.

The results of théhree phasesere compared and integrated to formulate a
descriptive frameworkor prototypeability.
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1.3 Structure of the thesis

The main objective of my researclvas to identify and describe the factors that
influencetheperformance ofthe prototyping process(concept sketahgin a specific
scenario)during theearly ideation phasi the context oflesign projects adoptirg
participatory design approach. The diagréelow illustrates the approachesnd

research logifor the theoreticatonstruction of the thesis
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THEORY (Structure of Concepts)
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-Idea representation experience

experience

E.2) Contextual

concepts) approaches
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-Prototyping -Wor kshop

-Wor kshop

E.3) Cognitive approaches
-Design reasoning in visual
thinking

faci -Sketching and ontology of
theform-giving process
par t | -Designer factors

4

WORLD OF
A

[—==1

A

B) MAJOR RESEARCH
QUESTIONS

i) Definition of product concept prototyping
(scenario sketdhg) in the participatory design
process

ii) Problems and qualities reldtto prototype
ability

iii) Qualitative description aheearly product
concept (scenario) prototyping strategy A

A) RESEARCH INTERESTS

i) Theoreticaldevelopmenof the definition of
prototypeability in theearly colaborative product
design workshop process

i) Parametersfodescriptive theory to support
collaborative design workshspn theearly design
phaseusingthe prototyping method

iii) Extending knowledge fodesign thinking witha
focus onparticipatory design and prototyping

ORGANI SATION AND EXTRACTION =
TO PRODUCE DATA

D) RESEARCH METHODS

i) Reflective study 9
experience aaworkshop facilitator and
participant

ii) Interviews ontheperceptios and personal
experience of other workshop facilitators

iii) Casestudies of design workshops

iv) Design tasks tanalysethe participant®
practices

C) RESEARCH
HYPOTHESES (tHeORETICAL

STANDPOINT)
i) Prototyping in design workshejs a learning
procesghatcan be studied through
constructionism.
ii) An abstract textual concept theideation
phase may lead ®weaker prototype (sketching
or scenario design).

he

research

Figure 1.5 Diagram ofapproaches and research logic for the theoretical construction

of the thesis
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Chapter 2 Literature Review

2.1 Characteristics of prototyping as reasoning in product

design
2.1.1The foundation of design research

2.1.1.1Interaction designand situational product design

According tothefundamental definition of industrial designoposedy John Heskett
(1980) andustrial design is a process of creation, invention and definition separated
from the means of production, involving an evehsiyathesis of contributory and often
conflicting factors into a carept of threaedimensional form, and its material reality,

capable of multiple reproduction by mechanical méans

Similarly, Buc hanan ( 20 0 Jdgsignpig tlee pnomsare popwet dbrecdiving)
planning, and making products that serve human beings in the accomplishment of their

individual and collective purposés

As Buchanan (2001arguedregardingthe evolution d the meaning oféproductdin
design,the focus ofdesign in researchnd practiceshiftedfrom grammar and logic in
the early part of th20n century to rhetoric and dialecticday. According toBuchanan
there are four orders of design.

Buchanan statkthat wehaveenteedanewphasean thevalue of designmoving from
visual symbols and thinggraphic and industrial desigtnefirst and second orders of
design) to actiors and environmeisf suggesng that our communication and
constructions are forms of action. Desigrsdtould be morawae of how peopleselect
and use products theirdaily lives, ensuring thather design carsupporttheir actions
and experiencedhis gives rise tahe third order of desigra new domain of design
thinking and professional practice calldateraction Designd Thisnew domain draws
attentionto the relationshig betweenpeople through the mediating influence of
productsreferring notonly to physical objects, but aldo a type of experience, actiyit

or service.
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The faurth order of design suggested by Buchanan fe€ws environments and
systemscalled&nvironmental Desigrg from systems ofthingsoto human systems
integraing information, physical artefacts andinteractions in the environmental

situation betweerliving, working, playing and learning.

Based onmy experience ofthe prototyping processcurrentworkshop trainingis
desgnedas a discipline to deal with complex situasomith holistic and empathic
perspectiveswith a focus orinteraction designiriteractivenesg and environmental

design §ituatedness.

2.1.1.2Culture and time shape the nature of design

Analysingenvironmental anahterior desigrpractices ThompsorandBlossom(2015)

arguedthat the conceptions and ideas affectitng way designerssha designare

related to theculture and time in which individuals have been educataultrained

andto theinstitutionaland corporate structures and practices that surround them. Wang
(2015)citedGal | eds (2002) suggestion that there
individual understanding of design and the practiteesignersThe way designer

conceive lhe nature and purpose of design affects their practice (Galle, ZRilfi)ral

and temporal concepts aspecifc to thesituation andhe site. These factoraffect

most community or social design projects.

21.13Buchananés pmadstsie the dontest ofearcompéx world as
the basic framework for the goal ofprototyping

Buchanar(2011)arguel that new design research shouldormgerexamineform asa
shape or visual pattefrom an external perspectivieut shouldinstead focus oform

as a synthesis of what useful, usable and desirablelt should addresthe content
and structure of performance, human affordances and product voice. Thisisclaim
similar to Jordar® $2002)theory ofthe hierarchy otonsumer needgunctionality,

usability and pleasurable experienEmally, Buchanamliscussegbroduct desigifrom
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a phenomenological perspectivin essence, form becomes a temporal phenomenon

of communication and persuasion, as huin@ngs engage with produd{011)

Buchanarclaimed thator aproductto avorkotoday, we need more complex design
to createdesirability Thedifferentperspectives on products proposed by Buchanan are

relevant to théoundational frameworkf thisdesigh research

21.14Gol dschmi dt 6 s pesatigmpiredesigh ve on vi sual.

Visualisation technologies ithe product design industry hadevelopedapidly over
the last three decadedrom traditional forns (hand sketching/drawing tools) to
advanced systesn (digital drawing tools and 3D software wittntelligent
programming. Visual information plays keyrole inthedesign process (Goldsaidt
et al., 2006)According to Goldschmidt (2017), sketching is esseffiaprototyping
particulaty for planning.Therefore, iremainsa valid methodf exploing ideas.

However, we cannobe sure that workshop participants are wéidined. As

participatory design workshepadopt a bottomup design approach anthvolve

stakeholders in the design process, slestalere usedasthe mainoutput in the design

task of this research. Sketchingnde done professionally or in a very primitive way

for communication purposeln reality,representinggme nt a | concept (in o
or transformingaverbal concept into a physical object (such as a sketch) is challenging

for many peopleHowever there has beemo in-depth investigationf this topic.

2.12 Design thinking anddesignreasoningin prototyping

To understand the definition of visualasoning,t is importantto recognse the logic

of perception irthevisual world and the philosophical definitionitsf relatecconcepts.
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The three ways of design thinking

Kimbell (2011) collected different wayte descrile design thinkingleading to tree
perspectiveon design thinking i) designthinking as a cognitive style; iiglesign
thinking as a general theory of desigmdiii) designthinking as an orgasational
resource. To comparthesethree perspectivs, the characteristics of amdividual
conceptare analysed in terms &¥e areasfield of focus (e.g. people or discipline),
purpose ofthe application (e.g. solving problem or innowey), definition of design
thinking (e.g. concept as intelligence or a reasoning methatle of design problems
(e.g. design problem or orgaational problem) and application sites of design

expertise and activity (e.g. traditional design discipline or other disciplines).

2.12.1 Reasoningi A philosophical perspective

Judging probability

Manktelow (2012yecommendedinderstanthg and explaimg peoplés thinking and
reasoningpased omowtheyjudge probabilitywhich isnotjusta technica(statistical)
matter. He poirdgd out that wegenerallycompae normative systemsand that this
compaisonmeans differpt things to differenpeople.ldeas related to probabilitan

be defined in four waysa type of objective unbiased probabilifjogical possibility,
frequency propensity and a type of subjective probability (degree of beligf
Mankt el o wdtsusirgprgbaboita to éxplain reasoning is effective in that the
essence of reasoningteslook for possible answer

Theoretical reasonand productive reason

According to the definition of theoretical reason in th@ambridge Dictionary of
Philosophy(Audi, 1999), inMetaphysicsAristotle identified mathematics, physics and
theology as the subject matter of theoretical reason. Theoretical reason is traditionally
distinguished from practical reas@sthe formeiis a facultyfor identifying guiddines

for good conduct and delibenag) on proper courses of actioonversely practical

reasornnvolvesdnakingd shipbuilding, sculpting, healing aisd on
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Kant distinguishd theoretical reasomot only from practical reasorbut also
(sometimes) from the faculty of understandeigthe oigin of these categoriesAs

defined in theCambridge Dictionary of Philosoph{udi, 1999) with its own a priori
conceptsddeas of reasdi theoretical reasoregulates thedivities ofunderstanding,
which, | argue modifiesthe decisionof the designersAccording toKant, theoretical
reasorseeks an explanatoggompletenessand andunconditionednegghat transcend

what is possible in experience.

In conclusionas a faculty or capacityeasorcanbe consideredis a hybrid composed

of theoretical and practical reasoor as a unitwith both theoretical and practical

functions. Reason isometimescontrasted with experience, sometimes with emotion

and desireand sometimes with faithlUndoubtedly, design reasoning falls into the

realms of theoretical reason and practical/productive relbased orAr i st ot | eds ar

Kant 6 s dg@verallmpratatyperisanend product of reasoning.

2.12.2 Designreasoningi A unique ability for innovation

As described by Ferguson (1994), technological desigrbbasmea complex and
hierarchical social activity. Ti& hierarchy reflects the division of latwo between
designes andmanufactures sincethe 1&» and 1% centuries. Fergusgmointed outthe
disadvantage of ignoring handson experience and nererbal reasoningin

engineering desigftom a historicalpersgective usingsignificant cases.

Do we know the exact design process, in particular theeinalsation processin
the mindg of product designers? Tieeis agap indiscussiorof theway of thinkingof
designes and the design thinking procesd/isual reasoning ishe most important
ability of designes, distinctfrom professionals imther nordesign disciplingssuch as
literature and music. It shasome similaries with activities in mathematics and
physics such as conducting geometric and physical aeslyslowever,the visual
reasoning of designeis strongly correlated tahe production procesdo dnakingd
things. This is unique. Product designareheavilyinvolved in manufacturingvhich

usesavariety of production methosl Unlike graphic designer, product designerare
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usually confronted withcompkx reasoning with diverse constraintshich shoud

contribue tothe knowledge of design thinking.

As previouslymentioned, e storybeginsin the 13 century when Giotto drew his
perfect circle in red paint for the Popdost people associate the talent of drawing with
the job ofdesigrer. However, his conclusion is superficiandinsufficient. | am sure
that Giotto had more skills than fine motor coordination. To excel in architectural
design for instancethe ability tovisually imagine and represeBD and 3D visual
structures and elenents is crucialMathematicias excel in abstract numerical and
spatial correlatiosy which theyuse to think mathematicallyLiteray people are
sensitiveto verbal languge and perforrbetterin verbal thinking Paintes aresensitive

to visual language arekcelin visualthinking. Whatabout designef

A Japanese joinery woodwoekperthad an intriguingdiscussion witha student who
trained as a designer during a wood workshemgonductedh Australiain 2015. The
expertdiscovered that his studeimhada very good sketching technique that he katk
andexplairedthat hewould be a good designer if heutd drawwith predsion. | also
interviewed two craftsmemith traditional apprenticeship training (woodwork and
metalwork). They also perfored very well in their fields, but visualsation was not
their strength.Therefore, i seems that good craftemare not necessaly good at
drawing or sketching. This phenomenon raises an interesting quesaaesigner is
expected to create a beautiful and functional forresdtheneed tdoebetteratdrawing

or craftsmanship? Or both? @reother abilitiesneede@

Designers have ways of reasonlmgyondsketching and other forms of visusdtion.
Designes perform verbal and visualreasoning on paper (externaed and
simultaneously irtheir minds (internalsed). Thus,a sketch cannot recordll of the
thoughts ofa designerwhen conceptuaBing a concept. This phenomendras been
described as ablack bo¥  thenprocess of design thinking. Theteve been
discussios of the relationship betweecognitive science and design. Howeveo,
researchersave addressed the rolevidual reasoning in form shaping. Shaping a form
is a crucial strategfor product designerexaminng the possibleinterpretationsof a
design conceptn product design practicereatingad good 6 p hinwlves a |

making sense adreasonalyl appropriatestructure for userw interact with others and
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theirenvironment during a particular human and cultural activityiatedpretation®of

humaniy, technolog, business and sustainabkevdlopment.

One of the maintasks of this researchwas to understand what product designers
experience irterms ofvisual reasoning ithe design process and how they interpret
these experiencasa theform of a sketch prototype or scengpimtotype The cesigneré
perception®f their awareness dhe use otrafting technologieéspatial reasoningh
thedesign procesand theuse of different approaché&s shage a specificvisual form

were examinedThis contributesto thefield of prodict design in two crucial areas. First,
theresultsinform the improvemenof product desigprocesgools (e.g. CAD software

and effective design education). Second, by examining closely the reasoning
approaches of product desigsehe appropriateness afirrent design approaet was

analysed anthspired anew design strategy.

This researchvas based ormy personal experiencd the product design process in
which a specific visual reasoning time process of product desigves identified.The
comparative studpf the experience of design workshop trainetirough interviews
informed an ontological understanding pfototyping yisual reasoninyin product
design practice. The structure and essence of the visual reasuagence of
designes working on solving product design problsmereidentified This helpedto
develop auseful frameworkfor solving compéx product design problesn(making
sense of things)llustrating the relationshipetween thgrototypingmechanism and

ill -defined design problesn

2.1.3 Overview of designworkshops and proces®s

Design workshoys focus onactive and experiential learningand are short term

and intensive
As mentioned irsectionl.2.3, the six levels of learning experiencegaperally based

on acollaborative learning environmemt which a small group of people agriided

to work, contibute to orperformcertain tasks, problems or goals.
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BrooksHarris and StockWard (1999) wrote comprehensively abdbe definition of

workshogs and developed an integrated moabedesign and facilit&workshosin the

fine arts context They firstdiscussed he hi st or i ovaolr kg &lfiiciprdoi t i on
originally designatd a place where things were made and sold. They inferred that when
educators started t o use Owor kshopo t o d
environment, itrefered to éa place where work occurs, where tools are used to
accomplish this work, where things may be repaired, and where the work may result in

a particular product or outcodp. 3). They alspresented t her peopl;eds vi e
for instanceaworkshophas been regardeda platformfor developng competence or

promotng behaviarral changeamong participantsthrough interactive yet problem

focused learningHandson practice are usedn practical and intensive interact®n

and smalgroup workto apply new learning, identyf and analysproblems and develop

and evalua solutions.

BrooksHarris and StockWard describedhe characteristics ofvorkshopsas follows

i) intensiveshortterm learningii) small group interactias) iii) active involvementiv)
development of competenog problem solvingvi) behaviar change as an outcome
andvii) theapplication of new learnindn addition, they identifiedive possibleareas
of focus i) problem slving; ii) skills developmentiii) increasing knowledgeiv)
systemic changeand v) personal awareness/setiprovement. Moreover they
proposeda new definition ofaworksho@ GA workshop is a shortterm learning
experience that encouragesctive, experiential learning and uses a variety of

learning activities to meet the needs of diverse learné§. 6).

In their instructional workbookbased on the definition proposedWe b s tNew 06 s
Collegiate Dictionary Steinert and Ouell¢2012)stated thaaworkshop ista usually

brief, intensive educational program for a relatively small group of people in a
given field that emphasizes patrticipation in problem solving effort§(p. 3). Similar

to BrooksHarrisand StockWard (1999) they furtherexplainedthata workshop is a

time- and costeffective educational methoaffering learnersthe opportunity to
exchange information, practice skills and receive feedback in an active involvement
setting. Furthermorehey suggested thahe inherent flexibility and promotion dfie

principles of experientidiearningand adult learning are the reasons why workshop
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are popular. Finally, a workshop can be adapted to diverse settings to facilitate

knowledge acquisitiorhehaviourathange or skif development.

A general description dheworkshopdesign processan be structured infour phases
discover,define, develop and deliver. This framework wasproposedby the British
Design Council in 2005 tolassifythe sketcheslillustrated thouglufsdesigners

Thedesignereceives and synthesesall of theinformation and conclusi@supplied
by the other three rolesbisinessman, engineer and manufacjurgnis process of
concept synthesisivolvesa lot of critical judgement and decisiemaking (reflective
practitiones). Designes | o o k f o r tim@candconnect all incomplete and
independent ideas or featuresftame a sensenaking conceptNigel Cross (2011)
claimed thatin the designprocess,the problem and the solutiomsually develop
together.This explainsvhy desigrhappens quickhandis difficult to record, describe

andtransfer to other people.

2.13.1 Designing and prototyping as reflective practice

Creatng a design theme hdplesignes frame a problenfior which specific solutions
arise immediately. Donald Scho(l983) arenownedscholar in design philosophy,
identified a cognitive process of reflectiamaction as the intelligence gung the
0i nt ui t iuw efdesigneshnativeipractical contexts of thinkirgndacting,

developng the theory of reflective practice.

According to Donald Schoé sheory of reflective practicg1983) 6competent
practitioners usually know more than they can say. They exhibit a kind of knawing

practice, most of which is taditAs explainedby Nigel Crosg2011) Schénregarded

the cognitive process of reflectiem-act i on as the intelligence
behaviar in thepractical contexts of thinkinrgndacting. He descrilekthis process as
aoframeeri ment d i nsfahd ar lposepar veag ofiseeing thee r
problematic situation during reflectien-action. Designingbecomes6 a r ef | ect i v ¢
conversati on ,whidhfs antirteeactigeiprtocetst framewdproblem

and exploesits implications while being stimulated or changed and investigates the

possible solution. During the design proce
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unintended changes he has made in the situation by forming new appreciations and
understandings and logaking new moves. He shapes the situation, in accordance with

his initial appreciation of it, the situat:
backtalka

As a designer and design educatoam awarethat a designerconstantlymodifies
his/herideas throughsketching or in asinglesketch to look for an appropriate solution.
In my experienceas Schon observethe first sketch or first line a designer dsawill
stimulate a followup evaluation procesé quick rectificationor modificaion will be
made simultaneously argpontaneouslyin other words the formation process af
visual form maycreate an iterativeoop betweenthe two worlds ofthe designerand
this cognitive process can be describedfiest-order and secondrder creation.
Pi er c e 0 s also exaicatedhabaglgsigner perceives the immediate sign (or the
first line, curveor shapephe produces, which becomes an initiativeltoit the second
orderof signification, connotation A new association is constructed aheé designer
caneither accept it (i.e. correct the skebased on this neassociabn) or reject it (i.e.

continue sketchingased on the previous assumplion

Negotiating between the problem andhe creative solution

As Nigd Cross argued (2011gdesign initiates novel forms. A scientific hypothesis is
not the same thing as a design proposal. A speculative design cannot be determined

logically, because themode of reasoning involved is essentially abdudtive

Designers have conversations with ithérawings and possiplwith texts. Bryan

Lawson(2006) statd thatin their creative processlesignes tend toexplore thadeas

to get moreunderstanding abouhe problem rather thato focus on jusffinding a

solution Thisis referred to athed cewolutioraryd mo d el ,ionf wdheiscihgnoa ser
of solution states each evolving from the previous one in parallel to a series of problem
states again each evolving from the previo
ther e a-inflkeencéscin daths directions so potentfaleach evolutionary

devel opment is the product of the previous
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Based on th@above theories and modelsjdvelopedhe diagram below tallustrate
the mechanism desciity the processof transformation ofa design problem and
solution from a conceptualdeato a visual form takng place between two areas of
mental activiy of the designer.The twaorder creation process tie designer(the
dialogue between the designer andHhes sketchtakes placein the processhased on

encoding(external factor) anth the procesbased ormecoding(internal factor).

Outer World Designeits World View
/, \\ // \\
7 Interactng with sigrs, AN ./ Percéving contexts+ AN
ot social contexts, people, AN / recognsing patterrs = AN
) objectsandenvironmental \ ) meaning creation (decoding N
/ factors \ / i deductive) \

''''''' » 1storder creation

! --p 2nd Order creation

\ Interpreing or represerihg /
\ the concepin visual/form assumption (encodirig )/
N languagégsign creation abductive) gnconscious ,

N \. action may happen) R4

Designer o
Sketch platform space

Figure 2.1Proposednodel to illustrate thd e s i glialeguedwithvisualisation tools
(e.g. sketching, model making physically or virtually). For instartice,semiotic
i nteracti on an dfthietesigneree faziltgied througle drawidn
which the dsign concept is developaa an iterative process difst andsecondorder

creation (a sketch).

Sensitivity and articulation in visual language

Designesarepraisedor their abilityto visually represenaconcept. During a complete

design project, designeengage irnthe four phaseslescribed bythe British Design

Council in 2005 discover,define, developand deliver. Various types of desigreer
architecs, enginees or developes may share similar approaches and tools and apply
specific methods or tools in their discipline. For instamsepart of daeameffort to

design a stoddluring thede f i ne & p h as e ,usethactenteofgravityeaedr may
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apply mathematics to generagéehypothesisA designer may draw plas@nd leg to
visualise an idea An engineemay searclior reasonable structures and parameters.

designemay exploreanew visual structure or new visual experience/language.

Of the unique approaches and tooksvailable to designes and archite®
drawing/sketchinfgprototypingand visual thinking are the most prominent. Drawang
model makingis an advancedbility to coordinaé visual/spatial mental imageind
manipulaé drawing tools by handThe aticulation of visual elements, semantic
analysis and visual syntaxay alsde stronglycorrelatelwithd e s i g/isuatspsitial
intelligenceandthe cardination offine motor muscle(manipulation of a pen by hand

and finges). This researcliocusedon visualspatial intelligence.

2.13.2 6 Obj e ct mhe wab nature of technical artefactsas a language

bridging function and structure

The task of design i® bridge the gap betweethe function andstructure of an aréfact
(Galle, 2002). Design is about process@ves (2002plsocalledit the dualnature of
technical artefactsTechnical artefacts are physical objects with a structuwrealso
intentional objects with a function. Bucciarelli (20@2iggestetheconcepbf @bject
worldd t o d e s c with la gariety ofvirongsitth particular and speciakd
modes of representation. The concepts, ideas and relatiohstvpsenthe thingsof

an object world are constructed byits own language including its own unique
instruments, reference texts, prototypical bits of hardware, tools, codes or unwritten
rules.This iswhatl  cabjectnes® | imtheethresisand it goes hand in hand with

the other two parameters (concreteness and situatedness) of the scope of tiis study

the investigation of prototypability in therepresentation of a design concept.

Bucciarelli argued that this object world language sroper language with technical
and instrumentajualites and a scientific language both elaborated and spsatdali
ornamented with morelementsof the world.In addition,the elements of an object
world language are more than womsdsymbols andirerepresentedby a particular
scientific paradigm.Below are the elements ofthe object world languagen

Bucciarell distinctiveview of visual language (2002)
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A

1- Sketchvi sual | anguage in the mindds eye
2- Drawing: language used for communication and probdeiving

3- Mental image: an external design representation understoacagnitive

artefact used by designdsfind and storéenformation in the cognitivelesign

process. Thiscan generate mental representations andw external
representationgBucciarelli hal doubsa bout t he 06 menafal repr
designes. Instead he felt that mastering the language of sketching and

modeling is more relevant to explairg the situation of the designprocess)

The way people 6seebd things

Bucciarelli futher argud that the language udeis problematic as different
participantsmay have different interpretations. He clatkthat some strictly rational
instrumental methods can be used to reconcile differdmet@geenparticipants.This

may be achieved by translating one proper language into anahdra common
measire to compae them should be establishdde state that there fise® is to be

understood in the sensefifiterpredd .

Designlanguageas artefactconnectsconceptual idea and physicality

Bucciarelli(2002) explainedthatthe linguistic elements of artefacésenot staticbut

active; theyareshaped, speciakd, reformedindextendedandprovoke new thoughg

and confirm conjecture Claims regarding theounterfactual nature of designyrel

largely on the creation of differéntypes of design languagefor instance the
aforementioned 0 s kueptoc hdr, Ophgst calr madlor m
Bucciarelliconcluded that language enables designecenomectthought and object,

function and structurend that design languge existdetween thoughand object.

Kroes(2002)further elaboratedn the nature oflesignfrom a functionatintentional
perspectiveand a structuralphysical perspective | argue that both physical and
symbolic functios and physical and symbolicstructurs exist Visual language
(function) can generate various dimenssoof perceived meaningsuch asthe

functionality of a desigrgymbolor interface that enhansasability andor satisfaction
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Visual languagestructurg@ contributes tathe structural quality of a desigsuch asts

affordance or ergonomic performancéombhning the qualities ofthe function and

structureof a desigrcontributes to the categorical idea dhe product (e.g. a platform

supported by four leghatenablesa mantositcanb e c al | e ahdtleeovérallh ai r 6)
concept and quality of a desigm. addition,making sense ofth 6 desi gn | angu:
suggestsan appropriate or ideal integrationspieciic functions and structures where

innovation takes place

To understandhe complexprocess ofnakingsenseo f 6 desi gn | anguagebo6,
prototypingis the key mechanisrthat helps designes make sense of concepty
manipulating visuaklementsas atype ofreasoningo link the function and structure

of a proposed artefact or design

2133 Rowena Reed Kost el | owihe structbr¢ ef visualve sci e

relationships

Hannah (2002) systematically collected pedagogapgiroaclkes and ideagegarding
the appreciation and manipulation of abstract visual elempriposedby Rowena
Reed Kostellowin herseries of exercises with other pioreat Carnegie Tech (now
Carnegie Mellon University) and Pratt Institute since 1884h as line, plane, calg
form, structure and volumén 1936 Carnegie Tech produced the first graduates
industrial designn the US. Kostellow used her method to trathe first generation of

design educatsiin the USand shape Americaesign.

In his review 6 Hannahos b the tamoys2irt@sigl degner Tucker
Viemeisterstated that Kostellow wa fantastic teacher who was able to help us see
the importance of both the tinniest subtleties and the grandest géstostsllowwas
sensitiveto visual language and her work influmsd most fundamental training

method inindustrial design

Pure, unadulterated beauty should be the goal of civilizétgiatedRowena Reed

Kostellow (Viemeister, 2002F-rom what | obsenafrom the casestudiesof form in
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the book, 0 u n a d wedtb simphcityesdphistieasnarnd yancenrfoe f e r

thecontinuity of a form.

The philosophy of Kostellow and he&wolleaguesfosteredthe principle of visual
relationshipsexploiing theobjective science of visual relationshipsougha series of
exercises to connect studaitgellectual understandingith their physical eyes and
hands (handsn or mnd-body experience). Viemeister commented that the objective
of theprincipleis to make the elementévorkd not what thg &saya This nonrsubjective
judgement is a constructive methoélstudying how peopledeadobijects. It avoidthe
problemof whatthe contentfeek like6 which is a matter of subjective juelgent.
This method blps build the legitimacy of visuaspatial reasoning. As Viemeister
pointed out most people find it easy to read symbolic signs and literal messades
they do not consciously see abstract relationgbgpweerforms, colarrs and textures.
In fact, the media and structure of communication Wigdtomposite of abstract visual
elements carry meaning and convey real semsieelings.This aligns withingoldd s

argumen{2011).

According toDr William Fogler (Vieneister, 2002), another teaclagthe same school,
Gndustrial design is about exactly what is there. The forms of industrial design are direct
support for experience: the shape the conductiptiays: they structure the experience

of being alive nowi | find this statement stifelevant todayas itclaimsthatthe product

form can shapehe behaviar and cultureof users Peopleds senses
affected bythe artefacts they interact with in a situated environment. Kostellow and
others believed that visual experiencan be analged through seeing abstract
relationships and this ability can be taught and traresleto other related fields.
Kostellow discussedhe reasoningprocess of abstract visual elemenibe abstract
relationships express the relation of the parts to the whole apart from any concrete or
material embodiment. They reflect the direct visualezdgmce of the thing, how forms
and spaces and mov e mebilnaherfivergsshe kniphaséd o0 n
one of the essential task$ designes: to formulate a design witgreatclarity and
objectivity through visual literacy manipulaing the relationshig betwea forms,

spaces and movemensojected bythe entire visual structure.
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Ko st e mbsbsaphisticaterdlea abouvisual literacywas her concepaf reasoning
the composition of 3D objectthe relations betweethe dominant,subdominant and
subordinate parts of an object. By introshgthe core approacto identify theimplied
axis of a single form, desigreecan bettelidentify and manipulate the relationships
betweenvarious abstract and coneglvisual elements in a singtibject. Acomplete
design can be achieveg knowingand appfing this rule and perceiing the language

of an object as a whole is the key to understaniis meaning.

Organisational forcesi Quaskphysics

Kostellow emphased the awareness of space. She further elabooatée abilityto
manipulae abstract formsto develop an understanding of the elements of design, of
structure, of the organizational forces which control them, and an ability to apply this
knowledge to aariety of situations in designing for sekpression or for industéylit

is worth focugig on what Kostellow desdned asthe6b or gani z a t sudh asa | forc.
balance and tensiotina constitutethe visual relationshipetween thelementsindeed,

this emphasisthep u b | exper@esce of the force or tension impliedthe visual
relationship between at least two surfaces or elemelistweerpositive and negative
spacesfor examplelt offersan important perspectivan andcontribution to designing

3D structurs (product, interior and architecture). In my design practice, my designer
eyesseesimilar forces that follow the lasvof physicsi a type of quasiphysics.In

addition tovisual tension, there are visual weight, spaedmomentumIin conclusion,

a sketch or prototype can be considered a quick representation of a concrete concept
offering a sensory experience with certain sensef physics stimulatng further

evaluation otrial and erroin theearly phase of a design project.

2.14 Visual-spatial intelligenceand visual thinkers
2.1.4.1Definition of visual-spatial reasoning

If we assume that most product designers are visual thinkers,viteal thinking

pattern influeseshow theyreason
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Howard Gardner (20)1proposed eight types aftelligencein his bookFrames of
Mind: The Theory of Multiple Intelligenda 1983 musicatrhythmic, visualspatial,
verbatlinguistic, logicatmathematical, tdily-kinaesthetic, interpersonal,
intrapersonal and naturalistidde later suggested ninth form of intelligence
existential and morgSmith, 2002)

Spatial intelligence (or visuapatial) isclosely related to the abilityto reasonand

manipulae visual elements ip e o prheatal space. As Gardnproposed2011) it

i nvol v e sabiltyeto pxplieitly screate a mental imagéCentral to spatial

intelligence are the capacities to perceive the visual world accurately, to perform
transformations and modifications upon one
create aspects of oneds vedsfuekvVant physcar i enc e,

stimulid

2.1.4.2Visual thinkers

Whereasauditorysequential thinkers tertd advartetheir learning sequentially, visual
thinkers tend tgump into different context$o gaina holistic understanding ofgaven
topic. This type of learning mode is unique to people veme sensitive to visual

elements/language.

Lateral thinking blendswell with visual thinking

Visual materials, such as graphic images, woémd texture, can be composed in a very

open and creative wayhey differ from verbalelemens, which mustbe formed in a
logicalandsequential way to masense othem The characteristic of visual thinking

aligns with the conceppf 61 at er al thinkingd pnaydsed by
(2009).De Bono (1970) argukthatthet r adi t i onal @uwcationtmode a | t hin
is not the only possible form of effective thinking. He differentidieo mainthinking

modes: vertical thinking is selectiwehile lateral thinking is generative. He statbat

lateral thinkingis necessaryfor the selfmaximising memory systento enhane

creativity. As hesuggested O6r i ght ness i s what matters in
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what matters in lateral thinkidgLateral thinking is usefufor openng up different

pathways and genenad) as many alternative apprdses apossible

De Bono further elaboradehat vertical thinking isnanalytical, sequential and finite
processwhile lateral thinking is provocative, can make junapsl exploreprobability.
In the vertical thinkingorocessonemustbe correct at every stewhich is not the case
for lateral thinking. Thishighlights the nature of lateral thinkingvhich is partof

abductive reasoningnd animportant way of thinking in design reasoning.

Visual thinking as visual cognitioni A type of mental operation

Rudolf Arnheim (1969xontributed to the theorgf visual perception He focused on
visual perception as a cognitive activity. He argueddhairtistic activity is a form of
reasoning in which perpéions andreflectiors on visual forms areénextricably linked
With a grantto study visual factors in concept formatiohtnhemoé s Wisualk
Thinkingreportedastonishing resudt He discussd the existence aheintelligence of
visud perception and argued thétognitive operations called thinking are not the
privilege of mental processes above and beyond perception but the essgradénts

of perception itsed

For Arnheim, visual thinking is visual perception. This cognitive operatimiudes
active exploration, selection, graspirtge essentials, simplification, abstraction,
analysis and synthesis, completion, correction, compaasarproblem solving.In
addition, it involvescombining, separatingnd putting irnto context.He describedall
mental operationasd ¢ 0 g n lin bthemwerdsyisual thinkingis an active concern of

the mind (not a passive recording of stiatidn material).

Arnheim identified three functions performed by images to clarify and comgizze
differentrelations of imagesvith their referents. Tree three functionare pictures,
symbols and signsvhich are not different typesof images.Arnheim differentiatd

images agollows.

- An image serves merely as a sign to the extent to which it stands for a particular

content without reflecting its characteristics visually.
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- Images arepicturesto the extent to which they portray things located at a lower
level of abstractness than they are themselves.
- An image acts as a symbol to the extent to which it portrays things which are

at a higher level of abstractness than is tmet®y} itself.

This perspective nthethree functions of images &type of cognitionthataffectsthe

way peopleperceie ideas andeasoning.

Unigue capaity of peoplei Visualisation

Colin Ware (2005emphasisetheimportanceof visualsationfor people contribuing

to cognitive thinking. Hetatel that thinking involves a constant interplay between new
patterns and old patternshich can come from the external world (seeing) trel
innermind (mental image)-He addedthat the termivisualisationd previously refered

to the mental images people formedhen thinking, while now it often refers toa
graphical representation of data or conceptsip@s, diagrams and illustratiohave
becone importantvisual thinking toolsHe stated thgperceiving is a active process
requiring skills Peoplesearch fowhat they need througheir eyes and make visual
gueieswhereverthey search for visual informatiomo denonstrate his argumerite
guoted Donald Normaf1993)as follows.

Thepower of the unaided mind is highly overrated. Without external aids, memory,
thought and reasoning are all constrained. But human intelligence is highly flexible
and adaptive, superb at inventing procedures and objects that overcome its own
limits. The ral powers come from devising external aids that enhance cognitive
activities. How have we increased memory, thought and reasoning? By the

invention of external aids: it is things that make us smart.

2.1.4.3The nature of visual thinking

Ware (2005)istinguishedbetweenvisual thinkingand languagebased thinkingHe
proposedhata sign-basedanguage consists affundamentally visuamode(related

to symbolsation) anda fundamentally auditorynode(related tdogic). Language is a
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socially developed system of shared symlamidgrammay called learned symbols.

However,it is important to remembéhat what Ware describess the basis of visual
thinking i s pattern per cept i astandingnal t | ear 1
meaning through pattern recognition does not come from social conventiofact,

Ware remindedisthag

fi éour perceptual machinery comes partly from evolution and partly from visual
experiences as we interact with the world; in other words, our pattern perception is
partlyinnate and partly learned. When we see designed graphitahpabbjects

and connectins are perceived using this combination of perceptual processes.
Patterns convey meaning iways that are not arbitrary andot socially
determinedé visual designs are almost always hybrids; they have aspects that
support visual thinking through pattefindings, and they have aspects that are

conventional and processed through the language sy§&e®5, p 131).

He alsosuggestedhat visual logic is the logic of pattexnobjecs and spacg This
includes structuring twadimensionalinformation via pattern recognition (contour,
texture, spatial layout, semantics), agl@orinciples, sequences, semantics) and visual
space and timéperception of depth, motion, threnensional concept, affordance,

orientationand semantics).

2.1.4.4Anthropological perspectivei Visual anthropology

Drawing is the embodiment of waysto make, obsene and describe things

Tim Ingold anda group of anthropologis proposeé that drawing is a unique
approach that brings togethewaysto make, obsene and describe things (Ingold,
2011). The discussed tlithing-cented perspectiveand theembodied cognition and
movement of a line. Part of tinestudy explored the generative dynamics of skilled
practitiones who respond to mometty-moment variationsni the conditions of their
environmentThey argued that practitiorsgrarticipate inthecreative process by using
drawing as a method and technique to reconnect observation and destoipkien

movements of improvisatory practice.
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Visualis6t ouchabl ed

Rupert Cox(Ingold, 2011, p.70) also mentionedhat practitioners (e.g. artsor
craftsnmen) canfeel the haptic sense through visioandthatt ouch can be
as vision Thisis consistentvith the importance of surface finishimga productfor
designersinformation about the surface of a product (e.g. woémd texturefonveys
its senseo designes and userssuch as hatic sen® or touch. This suggests that
sketching othe process oform-giving is a continuous dialogusgtweenthe designer
and the representatioh.is a cognitive process of reasonimy which designesuse
drawing tools to argui®r the appropriationf a producbr exploreits possible structure
and meaning. It is a case of embodied cognitambehaviaral intelligence emerges

from the interplay betweethe body,thebrain and the environment.

SheetsJohnstone (Ingold, 2011, @17) describedin detail the quality of hand
movement when writing or drawinghichincludesthe cognitive processe$duration,
rhythm, varying tempo, pauses, attenuations, pitch and amplitbhelearlyexplains
the complexity of alind a 61 i vel yo | ine. I n ot her

compkx emotional qualies

According to Mathewon (1999), ‘suakspatial thinking includesthe following

elements

Visioni using the eyes to identify, locate, and think about objects aisélwas in

as ©o6o

words

the world, and imagerythe formation, inspection, transformation, and

maintenance of images in the miaceye in the absence of a visual stimulus. A

spatial image preserves relationships among a complex set of ideas as a single

chunk in workig memory, increasing the amount of information that can be

maintained in consciousness at a given moment. Vision and imagery are

fundamental cognitive processes using specialized pathways in the brain and rely

on our memory of prior experience. Vistggdatal thinking develops from birth,

together with language and other specialized abilities, through interactions between

inherited capabilities and experience. Scientific creativity can be considered as an
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amalgam of three closely allied mental formats: iegggnetaphors; and unifying
ideas (themes). Combinations of images, analogies, and themes pervade science in

the form of master imagesd visualization techniques.

2.1.4.5A caseof visual thinking in design education

Robert M&im (1972)developed a course visualthinkingat Stanford Universitand

in his bookExperiences in Visual Thinkirig the 13%0s and 190s.This wasthe first

bodk devoted tothe strategy ofvisual thinking for design innovatiorHis studers
lackedimagination or creative ideas during creative exesciEeaefore, being able to
educatthemin6seei ng and i thanmingoal ofdi8 bobkéledacm e

attention tothe fundamental relationship between igdeetching and imaginatioto

forgedt hi nki ng oper aHédescribéddeasketchirggdasanaactieey i e s 6
model of the frequency of introspective accountsthie 6 mi ndbés eyf d | mage
designersn the literdure on creativity andays to invigorate and direct inner sensory

imagery. He sought to integrate seeing, imag and ideasketching and used the term

ovisual thinkingdto describe the interaction of ideation processes.

McKi m argued t hat v i-ssturad whcohg @&fundamentalimede a 6 me't
of thinking (a major alternative to other mogdssch as verbal thinkingHe explained
that visual thinkingis composd of three activities: ideaketching, seeing and

imagining.

What is visual thinking? M€im first emphased that for humans,the concept of
thinking is not constructed under the minoldy dichotomy (sepaiiag thinking from
feeling).Instead from aneurologicalpoint of view thinking is generated btheentire
nervous system (not just the brain). He staitedwe knowthinking throughpersonal
experiencs, andthusthe vitality of our thinking is intimatelyelated to the state of our
physical health.

McKim identified three categoriesf design processeseeing, imagining and idea

sketchingUnderseeing, he examimkexternalsed thinking,refocusingseeingthrough

drawing, patterrseeking,analytical seeing, proportisrand seeing cues to form and

82



space.Under imagining, headdr essed the mindéds eye,
imagery, directed fantasy, structures and abstractions and foresight and isajiy,.
under ideasketching, helisted a wide variey of visual thinking strategies
demonstratedhat sketchingis a tool of visual thinking givingise to ideasof an
iterative nature andliscussedthe importance of graphic languag&oficiency in

developng visual ideas anthe useof strategies to stimulate idexploration.

2.15 Visual-spatial reasoningin prototyping

Visuatspatialreasoningor visual reasoningp associatevith nonverbal reasoning

to understand and anagyvisual information and solve problenifeterm decribes

the capacity of theuman intelligence (ability and sensitivity) recognse memorse
compae and reason about visual images (images or symbols ioutiseleworld and
mental image) to coordinate and interact with the body and the world. Several
researcherhave identified and describ@ visual reasoning as a unique conceptual

thinking process of designe(Goldschmidt, 1994; Oxman, 2002).

A good exampleof the daily use of visuabpatial reasoning ishe Career and
Employability Servicevebsite ofthe University of Kent. The site offersagrammatic
and spatial reasoning te$o evaluaeé u s egpatid intelligencgncluding identifying
relationships, similarities and differences between shapes and patterns, 9egogni
visual sequences and relationships between objects and remembesegléments.
Testing diagrammatic reasonif@socalled abstract reasoningrovidesa measure of
general intelligence. The process#srepresenting diagrams, understanding logical
rules and process diagrams and identifying causes are evaldastighct reasoning is
used to cope with complexity and novelty. Spatial reasoning tests cact pinedability

to work with complex scenario¥hey involve the ability to mentally rotag¢ the two-

dimensional representations of thidienensional shapes.

Visualspatial reasoning is identified as a typetohking that playsa significant role
in prototyping, such as mentally constructing 2D or 3D structuechanging visual
el ements i n o n esachaskatchiny,draBingmiagrasoanipuiting

physical objects (e.g. provingn idea by creating amockup) and building virtual
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computer model, are always uset facilitate visual reasoning. Studyg visuatspatial
reasoningcanhighlightthe cognitive side of designncludingits societal, cultural and

technological dimensions.

Prototyping is theproduct of visualspatial reasoningPrototyping has six roles
indicaing the importanceof its contributon to participatory design approashand
design development.aBders and Stappepsoposedhat prototype canperform the
following functions(Sanders Stappers, 2014.6):

i) Evoke a focused discussion in a tegnibecause the phenomenondms the
tabled

i) Allow testing of ahypothesis.

i) Confront theories, because instantiating one typically forces those involved to
consider several overlapping perspectives/theories/frames.

iv) Confront the world, because the theory is not hidden in abstraction.

v) Change the world because in intervtions it allows people texperience a

situation that did not exist before.

2.2 Contextual approaches to visuakpatial reasoning

Object is symbolic

According to.1@HNei |l | (2008, p
we live in a world that has been vastly altered by our cognitive abilities such that
we inhabit not only the empirical world of physical entities but also the world of
sign systems, which are a direct result of our cumulative interactions with the world
(and each other) over time. Thus, the relationship between the subject and the
object is dealt in a pragmatic way, where external phenomena are experienced as

signs that are meaningful to the organism and there is no separation of the two.
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2.2.1 Semiologyin design
2.2.1.1P e o p Woddview is constructed by sigis

Semiology the study of sigs was adopted asa fundamental frameworkfor
formulating theresearch hypothes anddevelopng theresearch questions (Boff &
Marshal| 2008). Most current applications of semiol@ggextensions of the work of
the American philosopher Charles Sanders Peirce (1839!) andhe Swiss linguist
Ferdinand de Saussure (185913).

What is sign?

A motion, gesture, or bodily action by which a thought is expressed or a
command or a wish is made known; b: signal; c: a unit of language (as word)
that means, stands for, designates, or denotes something to an interpreter
compare icon, index, symbol; dne of the members of a methodical set of
gestures used to represent language directly word by word or letter by letter.

Extracted fromiWVe bst er 6 s Third New I nternational

Peirce identifiedhree essential modes of significatioim everysign:iconic, symbolic

andindexical.

1 Theiconrelates to its referent by means of resemblance; it looks, sounds, smells,
feels, or tastes like what it represents.

1 Thesymbolsare arbitrary signs; they relate to their referent only because an
interpretive commnuity agrees on the relationship. Language is largely a
symbolic system.

1 Theindex evokes its referent by a physical trace. A footprint, for instance,
signifies a personds presence indexical

some combination of tlse three modes.

He also described the functioning of signs in terms of a-{haeesystem. The form of
representation (or representameyksin relationto its referent antb an interpretant,
someone who reads, seesmd hears the sign. Iconic, indexical or symbolic

representations are understood as different interadiiemgeerthese three elements.
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Saussure described thenctioningof t he | ingui stic sign, roug
symbol. The Saussurean sigranposed of two partasmaterial form, the signifier,

anda representational aspect, the signifiedwhich is the refererdesignatd by the

signifier. Saussure noted that a sign system can only work if one signifier can be

differentiated fromanother A sign is tlereforedefined by difference.

Barthes(1973) was influenced by Saussymho postulatedhatthe science of signs,
or £miology, can be categeed as one stream of scientbatstudies the nature tifie
sign of thingsthedevelopment and logic of changaghesign,the differentmeaning

of thesign and its relatioto human activities.

2.2.1.2Visual material/culture asa form of language

Applying Saussureb6s terms to viehasel mat er.i
conventions an become languagassedto read design. Barthes made a distinction
betweenthe directanddenoted meaningf an object andts connoted meanings, the
symbolic resonance @naspect of the object e system of cultural conventions, or
codes. He noted that an image or object can impBtaf connoted messagbasedn
thecodedinvoked bythe observeiOtherauthors have anadgd typography in a similar
manner: the linguistic meaning af word is its denoted message, aiitd graphic
characteristics the allusions implied by the typeface, layout, and sd ors its
connoted, or coded, message. Barthes also proposetidfii@ids of design, such as
fashion, @n be conceived as languagesppithg a Saussurean distinction between
languageasa system and speech as the creation of signs witflihetmombination of
individual items, such as a suit of clotheanthus be discussed asutterance in the

sign system of fashion.

2.2.1.3Semiolayy of designer thinking and design object

People live in a symbdillled world and interactainly through communication and
mediationvia symbolic meas Language is a system tHsismeaning and connext

the people, objects, events and idéa®ur lives forming our world view and value
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system. Designeareboththerecipiens of theworld of symbok and stakeholders who

participate inthecreation ofthe sign/symbolic world.

Many researchers have used Per6 s c at e g o mmada fororterpetinggns as
design objects. The iconic meaning of an objsatelatal to its formal or stylistic

similarity to other objects natural or marmadei or its metaphorial properties. The

physical properties of the object can be considexgthe indexical signs of the
materials and conditions of its production,
gualities, can hava symbolic meaning, inasmuch as these qualitiave arbitrary
meanings defined by conventetm mong t he objectdos audiences.
further breaks down the symbolic valof the object intoadenoted meaning based on

ther ecogni tion of the object 0dontheaffective on and

values associated with the object itself and its formal qualities.

According to Saussurei thelinguistic sign), the dyadic relation between signifier and

signified is essentiallgarbitraryg that is there is no direct connection between shape

and concept and it is motivated only by social conventitimlike Saussure, Peirce
defined the sign as @ ri adi ¢ rel ation as O6something t
someone i n fDamesi Pereopl®IYi Theysign can be divided into icon,

index or symboldepentihg on the type of relationship

A semiological sign, aalinguistic sign, is a compound of signifier and signified (e.qg.

the green human figuredicatesicros®in the Highway Code), but it differs the level

of its substance. Many semiological systems (objects, gestures, pictorial images) have
a substance axpression whose essence is not to sigi@fyen, they are objects of

daily use, used by society in a derivative way to signify something: clothes are used for
protection and food for nourishmeeten if they are also used as signs. Barth@g3)

called these semiological sigmd utilitarian and functionabrigin &ignfunctiong

Here we need a secowdder languagewhich is in no way identicalto its first
functionalsation and corresposdo a second semantic institutiorgalion, that of the
order of connotationTherefore, ie sigrfunction has an anthropological valasit is
the very unitin which the relations of the technical and the significant are woven

together.
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The sgn itself has no meaning until the reader processe$he second level othe
signified bring a meaningful sign/concept to the readsgnification Semiologiss
have showrthatthe phenomenon ahe signhasno motivation Insteadpnceaperson
becomes a subjeathe will classify/operate a reasoning procestablist he si gnés
phenomenon in a meaningful sign system aedch acommon agreemenwith

others/the community.

Table 2.1First and second ordeof sign theory

3 Connotation
Signifier: rhetoric Signified = ideology
2 Denotation:
Metalanguage  signifier Signified
1 Real system Signifier ESIRNIE!

2.2.2Symbolic meaning in product design

Design is making sense of things. Krippendorff (1995) claimed libahuse ofts
humancentredfocus a good design should be able to communicate with users and
stakeholders. Desigreplace more emphasis on how efdcts should function to
generate meaninfpr people, o conversely on how people perceive &f#acts orare
affectedby them Fromthis perspective, a design should be able to communicate with
uses or consumes andinteract with them under certain presumpsi@n corditions.
Therefore, his is a vital topic in product design and product designheay more
attention/arehighly aware @ the creatiorof meaning which shouldbe reflected in a

typical design project/thinking process.

2.2.2.1Product semantics

According toKrippendaff and Butted slefinition (2008) product semanticss the
study of the symbolic qualities of manade forms in the context of their use and the

application of this knowledge to industrial design. It refers to a systematic inquiry into
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how people attribute meanings to efaitts and interact with them accorgly,
indicaing a vocabulary and methodology for designingefardts based onther
meanings for their users and the communities of their stakehoRledsict semantics
helps designer® beaware of the symbolic processes at four levels, namedyotict
identification, 2) seHevident operatios) 3) explorability of formsand4) coherence

with the symbolic context.

2.2.2.2 Product pragmatics

In design research, the study of visual grammar has peerly defined andoften
neglectedThe najority of efforts devotedo similar researchave focused orother
perspective, such as art history, oon the formal and aesthetic description of
composition. As mentioned by Gunther Kress (20l attentionhas beemivento

the meaning of regularities in the way image elements are used. Thisigjbetof
grammay which requiresexplicit or systemati@nalysisas the principle of linguistic
structure. Visual structures can be evaluated through interpretations of experience and

forms of social interaction and can also be expressed linguistically.

Supposehatthevisual experience of a product design is similar to a written sentence
constructedrom basic units of natural languagesentences, phrases and words. These
units cancreatea larger pattern (e.g. a meaningful dialogue) gedeally, there are
general wvles that govern the construction of sentences articular culture or
community.Therefore, $ there a ruler principlethat can govern the construction of a
product design or thredimensional functional forms®ome researchensveproposed
visual fypologies and desigprinciplesto answer thigjuestionTo answer this question,
this research project collext compard and explord a comprehensive understanding

of visual syntax.
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2.4Cognitive approaches to visual reasoningnd prototyping

The traditional outcome of product design (ine area of product desigrgris to
improve functionality, usability and pleasurable experience (e.g.etiak user smile,
generatenterest Cila, Hekkert & Visch, 2014; Jordan, 2002)

In conventional design educatigoroduct design trainingmphassesthe manipulation

of form language (e.g. style building)husprofessional product desigisg¢reasure this

skill as their core abilityNeverthelessalthough designsmunderstandhat simpicity

and practicality aréhebest design directiemmany designers spend most of their time
dealig with aesthetics (changing proportspncolaur, texture etc.) instead of
demonstratinghefunctionof aproductor themechanical performance of a desig\Ve

mustpay attention to the phenomenon tbie current design philosophyproduct and
system designs (in particular consumer products and services) tereketp e o p | e 6 s
emotional needs and expectaswather thartheir physical functional need€learly,
designes prefer to bypass the technical probkasha design and expect another expert
(e.g.amechanical or manufacturing engineer) to solvediechnical challenges. id
evenmore noticeablavith more compgx product desigs, such as smart home system

and product designTo identify and differentiatebetweenproduct desigers and
product enginesr the importanceof designes lies in ther demonstration ot of
creativity in product function, budf creativity inthe aesthetiexperiencga beautiful
andcomplexmix of new functions, new meaning creatiomew business modsland
production breakthroughlpesignestend to gravitate towards redefining or generating

a creative dialogue with users and stakeholders through the format, appearance and
interactiors offered bya product.This leads to the conclusidhatthe product form

giving technique is the most sigigiint and useful skillgthinking andpractical skill)

recognsed and appreciated by designer

2.41 Sketchingand ontology d the form-giving process
2.4.11 Ontological understanding ofthe form-giving process of design
Ontology building is one dheforms of theknowledge capt@processThe subject of

ontologyis the study of categories of things that exist or may exsrtaindomairs.
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In addition,ontology is a catalage of the types of things that aseipposedo exist in

a domain of interest. It issamilar method to building taxonoyrtrees that can describe

the knowledgeof objects in the real world and associations between people, places,
machines, events, etc. Ordgles provide the context in which information is

transferred between two agents.

In this study, a visuadpatial reasoning framework for product desaymd a set of
guestions and experimentgeredeveloped to facilitate design sketchiloggeneratea
product concept. The resuligere examined and anadgd in an attempt to correlate
individual processsand modes of design thinkipguch avisual or textuaéxploration

of ideas metaphor applicain, and inductive, deductive and abductive reasoning.

2.4.1.2Introspective experiencein design thinkingi An experiential approach to

learning by working

McKim (1972) developed a comprehensive exercise in his design thinking class for
studentsat Stanford University to experience visual thinkinge Eixplainedthat this
learning by working approach chelpparticipans observe their own mental processes
as they attempt to solve a problem relatethéadopton of visual thinking skills. He
statel that it is difficult tofocussimultaneouslyon introspection and problesolving
during visual thinkingvork. He pointed otithis idea by citing Charles OsgoodDnly

the effects of thought, not the process itself, can be observed. A man cannot lift himself
up by his own bootstraps: neither can be obsktivat which is doing the observiag
Converselyl proposdhatby sketchingadetaiedr e cor d of t hi @aiddi ng
with the greawareness dheanalytical mind, we can review aadalyse in detabur

own sketcles to generatea high quality introspective analysef our own thinking

process.

To understandhe design process fromfirst-hand experientigberspectivel explored
the operation of desighroughthedetailed recorthg of a design exercise (designing a
vaseusing sketching as a todb externalse a conceptual idea)The process was
carefullyexaminedn terms ofproduct formgiving and logic (for more detajlplease

seeAppendk One).
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2.4.1.3Three typesof operation model

During design creation, | reaid that | was thinking bottihroughsketching anavith

mymi ndds eye. After tidestfiedeecombigationatnethree val uat i
modes of thinkingoresented beloTable 2.2) The tableshows thathe conceptand

form-shaping processesare iterative/looping activitieghat can involve endless

explaration, modification and conceptustion.

Table 2.2Three modes ahinking in prototyping

Modes Actions in prototyping

A- Thinking Searchingor possibleobject categories artdxonomies of a

procesdased on designinsideandoutsidethe domain of tis design

pattern

recognition

B- Thinking Exploring different combinaticof taxonomiesand visual

processased on structuresincluding

exploration 1- Physical elements (e.g. line, form, textureterial, colar,
etc.)
2- Functional features (e.g. bottle cap, bottle neck, bottle ,bo
etc.)

3- Construction logic (e.gvide mouth + short bottle neck +
wide bottom)

C- Thinking 1- Identifyingame ani ngf ul / 6 maki ng s

procesdased on usingall possible ideas geneeatin Modes A andB.

sensemaking 2- Modifying Modes A andB once a meaningful iddaas been
identifiedin Mode C and makg new judgmens or
adjustmergto all modes

Thethreemodes above based omy personatiesignexperience areonsistentvith the
seven types of visual thinking operations suggesteRdiert H. McKimin his book
Experiencesn Visual Thinking(1972).
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Vi.

Vii.

Pattern-seeking Operation of closure by filling in; ii) fin ding; iii) matching;

iv) categorsing; v) pattern completion.

Visual memory: i) Memory for designs.

Rotations: i) Inverse drawingrotatingdice.

Orthographic imagination: Cutting through a solid object and viewing the
resulting crossection.) From another viewpoint.

Dynamic structures. Manipulating structure of thredimensional object. i)
Folded pattern; iiknots; iii) pulleys (motia in visuatspatial operations is
likely affected bykinaesthetic (muscle) imagéery

Visual reasoning i) Spatial analogy/visual deduction (logical reasoning in
visual mean); ii) visualinduction.

Visual synthesis The whole is a new identity that is more than the sum of its

parts.

Obviously, Mc Ki més types of vi s u achtegorisedntokhe n g

three proceses of design thinkingobsenedduring the desigexercise

Table 2.3Three modes of conceptustion in prototypingand corresponding visual

thinking approaches

Actions in prototyping Mc Ki mds s

types of visual
thinking

A- Thinking Searchinghepossible object categories i-Pattern-seeking

procesdased and taxonomies of a desigmsideand ii-Visual memory
on mattern outsidethe domain of tts design
recognition
B- Thinking Exploring different combinatiaof ii-Visual memory
procesdased taxonomiesand visuaktructures iii -Rotation
onexploration including iv-Orthographic
1- Physical elements (e.g. line, form, imagination
texture, material, cole, etc.) v-Dynamic
2- Functional features (e.g. bottle cap, structures
bottle neck, bottle bodetc.) vi-Visual reasoning

3- Construction logic (e.gvide mouth +  vii-Visual synthesis
short bottle neck + wide bottom)
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C- Thinking 1- Identifyingame ani ngf ul / ci-Pattern-seeking
procesdased s ensed de gsingalhpossiblen ¢ ii-Visual memory
on £nse ideas generat inModes A andB. vi-Visual reasoning
making 2- Modifying Modes A andB once a vii-Visual synthesis

meaningful idednas beendentifiedin

Mode C and makg new judgmens or

adjustmergto all modes

2.4.1.4Application of visual-spatial thinking at different stages of design

A designer will adopt different visuadition tools and methods differentmodes and
types of desighincluding prototyping (sketching and modeiaking) Sketching on
paper and computead took are themain platformsfor creating adialoguebetween
themi nd 6 s ey esand dthedSketchiggrisethe mogiracticalapproachand

requiresrelativelylittle professional training.

Below, | furtherdescribehemeaningof design thinking andlisuatspatial thinkingor

designes.

Design thinking is a process of searching

The form-shaping processorksin asimilar way to the composite meaningf verbal
language. Designsrcreate adialoguebetween theidesignand that of others inthe
sense of languagea speechless interpretation or argument (personal intrinsic
communication) in which associations of signification, representation, reference and
meaning are constructdy assembhg and disassemiolg different contextssuch as

cultural and visual meanjs, technologies and humait

Visual thinking as a tool to understand the background, what to collect and how

to connect

To approach a new topic of design, desigmaay construct a simple mind map or

sketches to brainstorm different aspedemonstrahg an attempt tocollect and
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connect direct or indirect contextsrelated to the subjecttudiedandto understand

the topic in aroadelpicture.

Mind mapping asa visual thinking tool to review what is done and what is not

To geta clearer picture of whahey are doingdesignes usually createa mind map
before,duringor even after confirmation afiefinal design directionA mind map can
helpdesignes6r el ease6 t he O6r i gitidaiseuseslto evalfiatea desi g |
designin other contexts. Some areas of design problaihave not been addressed

during the initial design phase can baplemented. Thuswith the excepton of

sketching the product forrmind mapping is a tool that works closely with visual

reasoninglt is important indesign especially for novice desigreewho construct a
comprehensive conceptual map with visual and contextual informatitreiostudy

subjectto launchaninformative and liberal network at the beginning of each design

process. The process of collectiand connectig is a fundamental stap generating

design hypothess or assumptiors at the beginning aheidea development phase.

Sketchingto understandthe archetype ofan object and conceptual understanding

of the meaningof an objectin terms of aesthetis, structure and technology

Sketching supports visual thinking in different dimensions.

A quick sketch of an objectan come from thed e s i gsmbeanscious and be
consideredinarchetype of particular type of producthed e s i gawagenessof a

design archetype is very important for choosingn innovative solution in the later
stage ofthe design process. Iktaninform designes that the archetypé a cliché

(negative choice for differentiatidnrom other bottls) or an icon (positive choice for a
visual statementn a relevant context)ln addition to collecting information and
conceps, he mind mapallows designes to quickly explore form making strategies

from different perspective

i. Geometric form
ii. Organic form

iii. Mixing geometic and organic form
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iv. Manipulationof theform through proportios
v. Application of materials

vi. Application of different finisles.

vii. Application of colar.

2.4.2Prototyping in abductive reasoning

To understand the general flow ttie design reasoningrocess the relationshig
betweet he f our O Bsfmerdiensdiadian angtmethreestypes of reasoning
are illustratedin the diagrambelow, which maps design processes and reasoning
activities todescrbea general design development procedabgectivesandreasoning
actiors. In the procesghethree types of reasoning (induction, abduction, deduction)

follow a sequential order frodaliscovedto deliverd

In the general design proceghg early phase conceptototype(such as sketching or

a simple mockup) is operatedisingabductive reasoningn whichthe6 def i nedé st ag
andthed d e v e | asudlly avearl@passhownbelow.Occasionally, prototyipg can

be carried outluring theé d i s ¢ o v ® idéntifyspbtentiabdesign problems and

opportunities.
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1) DISCOVER

Identifying possible
problems and/ or
relationships between
the user-task-working
environment and the
designobject

2) DEFINE

Formulating an
appropriate design
scope strategy and
method to answer the
question

3) DEVELOP
Exploring and
developing a conceptual
design and proving the
proposedsolutions

4) DELIVER
Approving the final
design and devisinga
launching scheme

1.1) Cconduct background
researchand observations
1.2) Brainstorm and connect
facts related tothe user-task-
working environment and the
designobject

A 4

1.2) Manage information, such
as comparing different contexts
and generating a gneral
proposition

A 4

2.1) ldentify the target user,
environment and design

A 4

2.2) Formulate a brief and
conduct research on a
selecteduser-task-working
environment and design
(scenario/situation)

<«--®223)DrawaAl T A1l OOEIT T 8

A) Inducti ve
reasoning

-Construct a proposition
based on recognised
patterns induced by the
phenomenon

- Propose a working
principle/hypothesis

2.2.1) Developresearch tools to
observe, recordand analyse the
observations/results

2.2.2) ldentify relationships and/ or
ATTAADPOO AAOxAAT 8
- user behaviorand requirements,

- limitations and constraints in
situation

- propose a design opportunity (value)
(what is the design question?)

(Informs problem solving or value creation )

3.1) Generate ideas and
devise methodsof
justification

v

3.2) Revisethe design brief
according tothe results of the
experiment (new problems
identified)

3.1.1) Formulate a design brief and
state the design criteria (how)

3.1.2) Generate ideas(what)

3.1.3) Demonstrate the final idea and
prove the hypotheses (envision)

4

4.1) Generateafinal design
andtest/prove the work
4.2) Make modifications

3.2.1) Suggestmodifications

C) Deductive
reasoning

-Predict the phenomena in the
world

Figure 2.2 Mapping ofthedesign process and reasoning
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2.5 Epistemologicalapproach

The epistemologicalapproachof this researchwas basedon the scaffolding of
constructionismitself derived from Jean Piagetsonstructivism Seymour Papéits
constructionisma student of Jean Piaget, focuses on the art of learning, in other words,
learning to learn, and emphasses making things in learning. Papert argued that
knowledge is actiMg construced by people who interact withheir world. His
discussiorfocused orhow learners engage in conversation witlefadts (heir own or

those ofothers) and how these conversations enhancedisetited learning and

facilitate the constructiorof new knowledge bgachlearner.

Below, | furtherdiscussconstructionism and designaking.

2.5.1Constructionism for co-creation and complex challenge

Assumethateveryone is different anttiata prototype is a sociglconstructed artefact.

If this is the case, designesearchey educatos or workshop facilitatas must
understand howa persorcreatesan early design concept or initial prototygeat will

enable collaborative prototyping (q@uototyping) ata later stageln addition it is
essentiato support the practice abllaborative design platforiwr cooperative inquiry
(Heron, 198) in the context of produatesign researcind design implementation with
andfor the public. Due tothe growing need to develop more appropriate and better
perceived designfor the public, the participatory design or eoreation design
approach is often adopted in the workshop design process in which design teams

involve stakeholders with different backgrosrahd motivatios as designers.

Two major emerging needbave pusted professionalproduct designaerand design
educatos to adopt participatory or eoreation design more oftéhaurel, 2003) First,
traditional design field (such as design fothe manufacturing and business
development industries) and nrdaesign field (such as design for social innovation,
community development) require collective and collaborative innovation. Setend,
participatory desigrapproach anao-creation approachave beerfurther promoted
and developed due to tigeowing practice of usecentred design, public engagement

and interactionand citizen ownership andtakeholderempowerment. As a result,
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designersneedto know the theories and methodsquiredto overcome th&e new

challenges.

According to Mark Guzdial (2018yonstructionisms
more of an educational method which is based on the constructivist learning theory.
Constructionism, invented by Seymour Papert who was a student of JearéPiaget
he believes that students will be more deeply involved in their leaifnihgy are
constructing something that others will see, critique, and perhaps use. Through that
construction, students will face complex issues, and they will make the effort to

problemsolve and learn because they are motivated by the construction.

Mabogunje et al. (2008)xplained the differencesbetween constructivism and
constructionismwhich arerelevant to the design of this research. According to their
description,Jean Piagetstipulatel that children actively construct and rearrange
knowledge based on their own experience in the w&dégmaur Papert furtherdrew

on the constructivist theory by asserting that constructivist learning can be enbgnced
engagingn theconstruction of extmal things.In addition,Papert developed hideas
andthose ofPiagetfor adults. Mabogunje et al. (200B. 3 further pointed outthat
constructionism iga way of making formal, abstract ideas and relationships more
concrete, more visual, moretangible, more manipulative, and therefore more

readily understandabled

2.5.2Constructionism for product designtraining

Kim et al. (2015) discussetie constructionist learning perspective environmental
product design educatiorAccording to P a p e definilian, constructionism is a
pedagogical approacthat encourage learning through constructing, designing or
making a productAlthough @nstructionism was developed from constructivisine

two arenot similar.
From a constructvist point d view, peopleconstruct theiown version ofreality by

absorbingabstract and formal knowledge from the contekthear learning which

occurs when people perceiveitireality internally through collaborative construction.
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In contrast constructionisn proposesthat knowledgeis not built in the minds of
learners Instead, personal learning contextspecificand knowledge is shaped by
interactiors with external supporf-rom a constructionis point of view, learning is a
cyclical process of constructiowhereby learners externsdi the initial state of
knowledgeby constructingan object that updadgrior knowledgetheninterpres and
reconstruct new knowledgeln other words learners learn effectivelwhen they

design or construct something tangible.

There are two aspectsf learningin constructionism scaffolding and autonomy.
Scaffolding des not providea final answer to learning. It igbout structure and
guidance offering hints, establishing task structure and coaching. Scaffolding
facilitatesthe learning of complex and difficult tasks makingthem more accessible
and manageablegnabling studentcentred developmenit aims to help studens
understandvhy they aredoing a task anchow to do it. Autonomy is a selhitiative
situation in which studentsacquire motivated andresponsite learning and act

autonomously.
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Chapter 3 Research methodology

In this project, | assungethat designes or workshop participastwho excel in
prototypingmakemore accurate and sophisticated evaluataithefinal stage before
delivery. Why do designes spend so much effort and tino& exploling appropriate
forms (compaed withother processes mdesign project)™ a way, his reflectsthe
reality (essence of intention) that by shapingeav form with a sensible argument,
designes seekto persuade or communicate with otherth somekind of meaningful
value. This could promog¢ a way d living better and megtg the needs of customsr

andor society. This notiowasexamined in tls research.

To collect valid datathis study useda longitudinal perspectivbased orhistorical
evidence fromthe literature review (macroscopica n d t he insividugl ect s o6
perceptios of design, case reflectisrand perceptuallesign tas& (microscopic) To
this end, a qualitative research approachith content analysiswas adopted
Triangulation othe differenimethodsdpedverify theresults For more detad please

seeChapter3.1.3for anoverview of the research methodology

3.1 Theoretical Framework of the Study

3.1.1Perspectiveon learning i Constructionism

This studyfollowed the underpinningof constructionism, suggestinghat a design
workshop is a collaborative learning environmdrdt helps participantsto learn by
creating their own design concept and further emsthear learningby externalsing
the concepthroughprototyping such as sketching. They intermalilearningthrough
sharing, reflecting and developing their own consaptl the conceptsf others during
the workshop. This processdassentiato participatory desigras people construtiieir
own learning experiencghrough collective creativityand acquire a sense of
participation, ownership, se#fctualsation and most importantly, reach mutual

agreemat or understanding.

101



Thus, | framé this researclirom the perspective of learning experiemnsich guidel
the developmenof theinterview questionsquestionnaire and design ta¥ke design
task of the research agdto measure the participadtzreative design process (rather
than thepoint at whichthey collaboratd) and | assuntthat ther personal involvement
in the early stageof the participatory design procesgas essentiallndeed,a better
articulated concdpalisation of the participantsin creative desigrshould improve

concept evaluation or high fidelity protoipg in the iterative process.

3.12 Perspectiveon designi User-centred designand interaction

In addition the researchvas based opragmatism.This was a useful and effective

means oknrichingt h e p a r understangliagrot psoduct desigativities

User-centred design approach(from pleasurable experience to aesthetics)

Product designerseek to desigproducst that canmeetp e o p | e dasedrohe d s
hierarchy of consumer needs (functionality, usability and pleasurable experience)
proposed by Jordan (1998, 2000, 200R)rdanadapted the classification offour
pleasures physiopleasure, socio-pleasure, psychaepleasure andideopleasure)
developedby Lionel Tiger (1992).This frameworkof four types of pleasurable
experiencefacilitates the work of designes by helping them taconsider allof the
potentialkinds of pleasure derived from a product. This Itb@s receivedpositive
feedback from design researchand design educatin the field of usercentred
producs. In addition,interaction desigersgenerallyf i nd Jor dands fr amew
applicableand inspimg. It expands understandirg the levels of utility of a product

and emerging concesabout userproduct interactionsuch as user percept®n

satisfaction and feedback.
Jordan (2002gxamined he pr acti cal benef i asdollomsf under si
The Oxford English Dictionarydefines it asthe condition of consciousness or

sensation induced by the enjoyment or anticipation of what is felt or viewed as

good or desirable; enjoyment, delight, gratification. The opposite obdain
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the contexbf products, pleasure can be definedRisasure with products: The
emotional, hedonic and practical benefits associated with pra@didcisian
1999).

Interaction design

In interaction design, people are diverse, complex, huanced and engaged in subtle and
skilful social and material interactionslany studieshave focusedon users anthe
environment in response tthe usercentred design approach and design for
sustainabity , respectively Studies of user needs e provideddesignes with arich
understandin@f physiological needs (e.g. ergonomic study), psychological needs (e.g.

consumer preferenceahdsocial and community needs (e.g. participatory design).

There is no doubt that these multidisciplinastudies (including various design
approaches, tools and contextual understandiagghelpedto promoe better living
and empowerd desigrers to engage in more comgt social, economic and
environmental situati® However, thisnascentcomplexity of designhas posed a
critical problem as integratng multidimensional knowledge and contextual
information requires a conglomerate of higlhiel reasoning methods to do the job
60r i ght ldave bdemmany discussionof new frameworks, models and todts
facilitate and optinge problem solving technigeeand the product development
processlt has been showthat designex encounter ildefined problemdor which
abductive thinking isessentialin the designprocess.However, little research has
examinechow designers reason in actual wakpeciallythe processsof explomation
and decisiormakingwhentransforming a relatively abstraggrbalconcepiwritten or

in onéd snind) into a more concrete prototyplerough visuakpatial reasoning via
mental modeéing in the minds of designers sketcling or computer visuatation.
Therefore, ifst, | investigatel how visualspatial reasoningffects prototypebility.
Visuatspatial reasoning is a type of inference directly dealing Whighinteractiors
betweerpeople artefacts anthe environment and the materisdtion of conceptand
values. This research work also explatehe parametersind theircontributon to
constructilg a prototyping experience individuall\n addition,it wasassunedthat an
articulated prototype formulated bgn individual designer suppatl appropriate

communicationwith the other participants in the collaborative design environment.
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Therefore, the design task of this reseaxaminedthe performancgexperiencepf
individual designeson a continuouslesign exercise. More detailed research methods

aredevelopedn the nextchapter

3.13 Overview of the research methodology

The diagrambelow illustrates the methodologyused in this research and the
relationshigoetweerthemaincomponents of the research actionsludingaliterature
review, data sources, reseambthods and question® establish the argument of the
work and formulate strategy to enhandke prototype-ability of the participants in

the workshop process

The main mechanism of knowledge buildingas the triangulation of the thredata
sources as shown in the diagram. Alan Bryman (200%. 379 explained that
triangulation is a study method that combines multiple observers, theoretical
perspectivesgatasources and methodologies fdtuses orstud/ methodsand data
saurces It is a promising method ascénbe carried outising arunobtrusive approach.
Triangulation can take place in quantitative and qualitative research strategies and is
usedto crosscheck theestuts. For instance, ethnographe&anadapttheir interviews

to check the validity of their observat®to ernsurethatthey dd not misundersiod

what theysaw
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Literature review Research questions

*Focus on public furniture design or product design for uses of a community

Participatory

design with & for 0 What is the definition of product concept prototyping (sketching a
= stakeholders scenario) in the context of participatory or co-creation design
.g platform? What and why it is important to co-creation process?
v
g o o What are the problems in the process of transforming design concept
5 Prototyping in " (verbal to visual language) at early ideation phase that affects the
£ par:;cnpatory quality of the representation of prototyping (prototype-ability)?
3 esign
§ @ What is the qualitative description of prototyping a scenario
o design addressing activities, environment, interaction, objects and
4

users (A.E.I.O.U)? In perspective of design oriented theory, what

Jelea representa: elements construct the early product concept (scenario) prototyp-

tion in early

5 ing strategy?
design phase g gy
A4
Data collection
g ® [A] Cases study -
§ Cases study = Reflection
S as workshop participants
= v v-
s 5 & Y
2 & Identify prototyping related N\
3 ) & problems in earlier design ’*,(‘
5 Content analysis ¥ conceptualization phase in Ve
&) s perspective of participant 2,
< =
5 E
> B |
! '
< L4
© [B] Cases study - [C] Design task -
Reflection Proof of concept
as workshop facilitators prototyping performance
Identify prototyping related Identify factors to successful
problems in earlier design generation of proof of concepts
conceptualization phase in and relationship with verbal &
perspective of facilitator visual concepis
* ~ ®
oo~ e TP
”””U!.lo} » uu\,\""a’
\ 4
[A & B] Cases study [C.1] Preliminary design task [C.2] Final design task
via self-reflection and interview (small scale: 10 participants) (large scale: 60 participants)
Major aspects for correlational study: Major aspects for correlational study: Major aspects for correlational study:
Experience & problems in prototyping AEIOU, visual & verbal thinking, visual AEIOU, visual & verbal thinking, and
process in participatory design workshop spatial test, and prototype visualisation prototype visualisation
Task’s topic: Task’s topic:
A bench in a small park Intergenerational bench design in a park

Figure 3.1 Overview of the components tiferesearch actions.
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3.2 Research methods

This study focusgton the outcomes dhedesigners (participants with design and-nhon
design backgrourg)l duringthe idea brainstorming andearly concept visualgation
stagesIn addition,atriangulation approachwas adoptedhroughthe implementation
of case studiesand content analysisto understand theognitive processes othe
designes while prototygng theirinitial product concept from three data source$
reflective analysis as facilitator s of design workshops ii) reflective analysisas
participant s in design workshops andiii) cognitive skillsin design prototypings

participants in a design experiment.

The mainmethods are discussed in the following sessions.

3.2.1 Case study
3.2.1.1 Characteristics othe case study

As described by Alan Bryman (2008 52), a basic case study involvadetailed and
intensive analysis of a single cas8rymancited Staké §1995) definition ofa case

studyasfocusng on complexity, especiallythe nature of the case in question.

Bryman (2008p. 53) furtherexplainedthatin generala case studis associate with
alocation, such as a community anorgansation, ands base& on qualitative research
which includes the generation of an intensive and detailed examination through

participant observation andunstructured interviews, for example

The @se study as research methotlas been criticised becausadts resultsare not

generalsable. However, first, Stake (1978) argukthat the case study is useful for

exploring explanatory laws and buildirg experiential understanding dumanistic

meaning creationindeed, t helpsthe researchedelvei nt o peopl gadds exper i
the case and the people involvae in epistemological harmonyvhich is a natural

basis for generalisatioMatural experience, for instance, can help the reader understand

social problems and social prognaes. Secondthe case study offers two tgs of

knowledge propositionalknowledgeandtacit knowledge Propositional knowledge

is composed of sharable statements (observations of objects and dwecds)rast,
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tacit knowledge is the experienceof inexpressibleassociationsrelated tonew

meanings, new ideas and new applications.

Stake (1978) further elaborated thia¢ characteristics of the case syuchethodare
usuallymoresuitable forexpansionigthan reductionist In terms oftheory building
which analyseshe essencethe pervasive and determining ingredients and the making
of laws, the case study builds theories through proliferation rather than maydmwn.
Therefore, thecase study can add new meaningsuaentexperience and humanistic

understanding.

3.2.12 One of thefirst case studesin participatory design

The @se study is a prominent metholdunderstanohg how people create meanings.
Thus it can be used to explore hdwenrichthe participatory design approach time
design workshop setting thaay relate to various design probleisisch as architecture,

product and other service design challenges.

To discussthe participatory approacho the technologydriven product design
processit is important teexaminediscoursen theUnited States since the introduction
of computerdo the worlplacein the mid-1980s.Although agrowing trend suggests
that technology is embedded in artefacts amdrydaylife, the participatory design
approachhas become essential in the developmentcpss indesign for non

professionalenvironments.

What is technology?
It is importantto define technologyo anchor the discussion of product design with
technology inthe current contextdlechnology is the means and methods through

which we as @ociety produce the substance of our existeéftemspak, 1993).

Seeking to promotéemocracy and impr&product qualityby involving uses, a group
of IT professionals contributing to social responsibility orgaehi the first
participatory design conferencein Seattle in 1990 (Schuler & Namioka, 1993).
European, Scandinavian and American approaches were simaveach the writers
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reported thevariousways (with rich and diverse perspectives and experiences) to
engagewith problems and possibilés in an authentic yet cooperative process of
technology design (such teesystens development process) rather than a general and

unified modeffor a spedic situation.

SchulerandNamioka (1993) emphasised sooféhefundamental changesdught by
participatory design tthetraditional design approach. For instance, they rejected the
assumption that technology (i.e. compugatiion) should replaceeople Instead, it
shouldsupport users with better todésfulfil their tasls by considemg users as experts

in their lives and designers as technical consultagignificantly, they advocated that
computes and computebased applicationshould not be isolated in the system
development process in the contextlegworkplace.Thus this approachis percéved

as a process rather thaproduct.

This is a valuable resource to support product dessgoeiormulatea collaborative
design approach with and for stakeholdermddgal withcomplex usesand technological

contexts.

A design workshop is a type of teaching or training platftinat introduces specific
knowledge through design thinking arttelps participans solve desigsrelated
problens. Chapter4 analysesl2 case studiesf different deggn workshopsfocusing

ontheearly phaseoncepfiprototyping process.

3.22 Designtasksin design research

To understand thenechanism ofthe concept generationprocess from verbal

concepts toearly phase concepprototypes, andidentify the factors thaaffectthe
quality of prototypingijt is necessary tatudythe performancef designersn specific
tasks.Thediscussiorbdow reviews this approachwhich canguidethe formulation of

methoa for this research.

Comparingnovice and experienced designers is one of the research ap@m®ach

understand the characteristicstbé performanceof designerdAhmed et al., 2003).
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Prototyping is an approatb thedesign processsedby most creative professions and
academia. In particulag prototype plays a crucial role inthe iterative approach,
increasingthe chance of successof the deliverable or reducing mistakes or
inappropriate design, which may induce higher investmenin resources and
unsustainable solutien In terms of enhancing creativity and community
participation to addres€omplex problems such agproduct design for public use

a prototypeallows different users or a group of stakehold&rgxperience and share
feedback based on a physical object that provides more concrete informatian than
verbal description. TibB concrete information includethe properties and states of a
product andts physcal, symbolic and cultural relationsisigvith other contextssuch
astheinteractiors of users with the producthe situation,the environment and other

people antbr objects.

Design task topici Desigring a benchfor an intergenerational park

Product designerbave beennvolved in social innovation projects since the last
decade in Hong Kong. The researcher this projectwas an active practitioner
collaboraing with non-governmerdl organisationdNGOSs), the professional design
society, public and private orgaations and other individual community members.
Prototyping as a platform to facilitate public engagement, ownership and initiate
discussions and interventi®to makesocial value changas the conmon action or
practice used in collaborative work or participatory design p®jectddress societal

issuesandtest assumptionsn the community

Therefore, tk design taslof this research focused @m emerging enquirin Hong
Kong inrecentyears intergenerationdtarmonyin apark.This public design challenge

was a typical wicked problenmvolving different stakeholders and policies.

Mapping personal abilities andreasoningpreferences

As discussed earligthethinking preferencesf designerganaffect thér performance
in creative tasks. A seHfvaluation 6the five mainintelligence profils examinecdthe
possiblecorrelationbetveenvisual and verbal thinking abilitieend thequality of idea

brainstorming and scenario sketching or prototyping.



3.22.1 Preliminary study

limi v 1 Desi K les with diff isciplines)

Design performancen prototypingwas themain problem space investigateln this
research¢prototypéreferedto an early phase conceptripof-of-concep} prototype in
the early phase diiieconcept development process. In professideaignpractice the
early phase conceptototype can refeo different forms such as (ithevisualisation
of a concepor group of relevant conceptsrough sketching, scenario, storyboarul
computemodel| and (ii)thephysicalsation d a concepbr a group of relevant concepts
throughmockup, 3D printing, quick scenario or environment simulatidhis research
focused only on sketcling as avisualisation taskperformed by the workshop
participans. Thep ar t i cperfpranantesndlved the process otompleting or
accomplishing a task in whidhe quantity and quality of actionsere assessedhe
preliminary study explogtand evaluate whether thecontent of the design taskas

appropriate.

The research questiorfecused onthe human factorse(g. differencesin design
performancéetweerdesigntrainedparticipantsand nordesignes), thecontent of the
actions(e.g. relevance ttheinnovationdesign challenge @#he community leve), the
level of theactions(e.g.the difficulty of the actions their duratior) andthe factors

affectingproductivityand creativity.

Regarding thehoice oftopic, it followed the scope of the case siesimentioned in
this research. The casasalysedoarticipatory design ithe field of park design and
product design fiatheelderly.Severalrelevankeywordswere involvedpark facilities,
park service design, adgeendly product design, ageing in pla@tive ageingand
intergenerational desigBomeitems such as agé&iendly producs and fark facilities
were massive projeetinvolving too many factors and reqing more time and
knowledge tadeal withuncertaintiesTo limit the scope and challengi@ bench design
with intergenerational harmony concerwas selected for the design task.was
assumedhatabench is a common product in public spa@edthatmost participants
should have experiencd the seating and environmental settimperefore, ti should

be easier for the participants to imagine and explore other opportunities.
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Project: Design abilities in idea generation and prototyping process

Remark: The data you provided may be used for acadernic study and dissemination, and be treated anonymously. If

you don't agree to release your data, you

Section |- Self evaluation. Please give yourself a moment to reflect upon the followings:

1. Abilities preferences
{Use "+" to Indicate the level
as appropriate)

Descriptors:
= Wisual language - higher rating if you are

think and solve ideas visually.

= Mathematics - higher rating if you are
comfortable & strong in mathematical
thinking.

at thinking through making physical
model by hands.

= Music - higher rating If you are sensitive
and good at musical thinking.

good at verbal memory, & comfortable
with think and solve ideas werbally.

good at wisual memory, comfortable with

= Kinesthetlc - higher rating if you are good

= Verbal language - higher rating if you are

Visual Language

Verbal Language/ .

2. Personal information: (may put a “+

*iin the box. O)

2.1 Age range:

2.7 Education level:

O15t020;021t025;026t030;031t035;036t040;041t050;051 to 60

workshop out of deslgn class? Your roles?

O HD or Aszo Degree  (discipline: ; years of study (if applicable): ]
O BAS BEng (discipline: ; years of study (if applicable): ]
O Master ar above (discipline: ; years of study (if applicable): )
3. Experience

3.1 Had you participated any design O Yes; o Mo

Roles: o participant; o facllitator; o coordinator; o others

3.2 During meeting or serminar, how often
you mizke notes with verbal language in
majority of your time?

O below 10%; o 10-25%; o 26-50%; O 51-75%; o 76-90%; O above 90%

3.3 Do you enjoy (Nustration (sketching or
graphical representation)?

o Strongly disagree; o Disagree; O Average; O Agree; O Strongly agree

3.4 Do you enjoy handicrafts or making
things?

O Strongly disagree; o Disagree; o Average; O Agree; O Strongly agree

3.5 In group work, your roles usually are?
|please mark 1,2,3_to indicate the roles
that usually shows your strength &
contribution the most)

O Motes taking; O Ralsing/ articulating concept In verh;
o Ralsing/ articulating concept by drawing: o Verbal data analysis;
O Visual data analysis; o Visualization of the concept;
o Model making; o Report writing

Figure 3.2 Personal data sheet to collecth e

thinking abilities and other personal information.
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Examining idea brainstorming and design concept prototyping through scenario
sketching

To implement the task iareal settingthescenaricshould not be compleandthe task
should be possible to completeringatypicalworkshop sessiqmeneraly one to two
hours. Thus, the topicwas furtherlimited to a bench design for intergenerational
harmony ina small outdoor parkTo facilitate a morecompleteand effective idea

brainstorming session, the AEICthmeworkwas adopted.

AEIOU framework

The AEIOU framework isa relatively holistic and systematic methdtat suppors
observational (ethnographic) planning, data collection and atbessificationfor a
potential design concepDtherframeworls could have ben useduch asPOEMS

However,the AEIOUmodelis preferable for the development of service design.

While working for the Doblin Group in 199Rick Robinson (2015) arfus groupwere
the first to develop and adopAEIOU, which they usedo study ovetthe-counter
interactiosinMc Do n al d 6 s Afterechidtesing ana categsing thedata, they
proposed the categorical AEICtameworkpresented below
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Objects Interactions Environments

&

Activities

Figure 3.3 Modified AEIOU framework from Designled Research Toolkit
(http://dirtoolkit.com/aeioul)The five attributesactivities, environmest interactiors,

objects and users (stakeholders) are interconnettéhve arrangedt he Ouser s o6,
i nteractiont &i &nds auhmiam) middee andddsttom of the

diagram respectivelyto emphase humarcenteddesign.

AEIOU is a coding and mnemonic scheme with five attribgetsvities, environments,
interactionspbjects andisers. lis usually applié to two concept generation activities.
First, it supports ethnographic or observational methsdsh as note taking, photo
takingand interviewswhile the researcher coslthe scattered concepts collected from

the data pool or a brainstorming activitycaading to the five attributes. Second, it
guides people to collect, brainstorm or explore concepts under the five attributes in the

research field oadesign activity.

According to Rick Robinsor(2015), the framework is custosable anda new
taxonomycan be applied. Both approacHasilitate theinterpretation and analysis of
the datawhicharemapped visually with clear categories showing the relatioasinig

interactiors between all attributes or factors of a design problem or solution.



Mark Baskinger and Bruce Hanington (2011) developpedAEIOU design thinking
worksheet and sharediit anonline book calledrawing Ideasin 2011 It is worth
noting that Robinson initlly presented AEIOU as a custaaible frameworkwhile
Baskinger and Hanington considdrthe five dimensionss a rigid system in their
toolkit.

Definitions:

Activities: actions with specific goals and processes to achiewae tHtions. This

attributerecordsthetypes of activities€.g. danmg, tai chi, reading newspaper

Environments: contexs and characteristicsf the spacen which the activities take

place €.g.sunorientation, size, planks

Interactions: sensory experienseand perceived concegt(affordance)in intra-
personal, interpersonal, usapject and useenvironmentnterad¢ions. Proximity and
spatial relationshipwith other factors also play an important radech as how user
operate an object or how thare supported by the environmenrg.g. seatingand

communication are facilitat¢d

Objects: the categories and characteristicstbé items discovered or created in the
environmentThis attributealsoapplies tathecentraland peripheral application of the

objects during the activities (e.g. types and features of an object, materials).colo

Users:People involvd in the environment and activitieBhis attributealso addresses
the values, behavips, needs and lagionshipsof people(e.g.userprofile (e.g. students,
domestic helperseniorgyoungold, middleold, old-old)) andother stakeholders (e.g.
park management teamgarbyprimary school)userhabit, values andphysicaland

mental preferencgs
Thed nt e r aattributednallglés personal and collective experiencausedby

other factorsT h e r e ihteractorg éatot exist alone. The other factors are tangible

and may carry symbolic meaning. For instance, saect®may have an impression
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or connotatiomrelated to theslderly. Somebbject®are more childishin addition the

ausebtype.

ya

participants may ignore the ideargeration fot h environmenband
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Figure 3.4 Task sheeB (l) for idea brainstormingn thethemeof intergenerational

harmony park
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Figure 3.5 Task sheet B (ll) for idea brainstorming thethemeof intergenerational

harmony park with exampleghiswas anotheattempto helpthe participantsjuickly
devdop relevant concepts and to understand hbwy represerdgd them through

sketching.



In generalthe product design prototyping procesan encompasshe entire design
project from low fidelity to high fidelity representation of design concepts generated
duringthe nonlinear iterative design proceamtil the delivery of the final prototype

for production.

Designes generallyproducea proof of conceptdlsocalled minimum viable product)
at the beginning of th@rototyping phase angenerallyrepresenthe concepts the
form of sketclesor simpke mockups. This research ontpnducteda qualitative study
on the two-dimensional representation (sketch form)of the early phase concept
(proof-of-concep) sketchingtype prototype atthe early ideation stage Prototyps

in threedimensional fornwereignored.

As this research studd the conceptual transformatidrom a verbal into a visual
concept, theverbal conceptwasexplored throughthe idea brainstormingask based
onthe AEIOU framework Thevisual conceptwasexploredby asking the participants

to sketcha scenaricextracted or developddom AEIOU.

Why AEIOU? Why a scenario study?

During the idea brainstorming sessioh a design workshop, the facilitatman use
different methods or tools tncreasehequantity and quality of ideas generated by the
workshop participants. There aréhree main objectives of collaborative
brainstorming in a design workshop First, the facilitator asks specific questions or
focuses oraspecificarea (one or more items at the same time) to guidesttiieipants

to participateand sharetheir thoughts antbr facilitate group discussioon a topic.
Secondagroup discussionanlay thefoundation omcommon agreemebetweerthe
participants which is an essential criten for quality collaboratiorfor future tasks.
Third, the facilitator expects the participants to be opeinded (e.g. no prior
judgement) creative (e.g. diveessways of seeing thingsand constructive. The
outcomesmay be irrational. However, tattainconstructiveresultsin a limited time,
the facilitator may give restrictive instructisnsuch as brainstorming ideas within a

framework. Some methodo not affect creativitythe most commoibeing AEIOU
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and POEMSwhich provice comprehensive framewaoskor theparticipants to cover or

addressnost components or situations in a product systeservice design.

3.2.3 Content analysis

Fromaquantitative perspective Alan Bryman (2008p. 275 emphasisethatcontent
analysisis an approach ttext-based document analysisin which the researcher
guantifies the content according topredetermined coding schemer categories of

concepsin a systematic and replicable manner.

From a qualitative perspective Alan Bryman (2008p. 529, 53) explainedthat
gualitative content analysis awidespreadapproach to the qualitative analysis of
documents. Researchers call it thematic analysis or ethnographic content analysis
which involves searcling for or identifying the underlying themes in the collected
materials (e.g. searchifgr themes in texts). He referred to Althedd@.996) approach

to differentiateit from quantitative content analysigsing a qualitative approactthe
researcher constantly revises the theporesategoriesas s/heextractsconceps from

the materialsThis is carried out as a recursive and reflexive movement between
concept developmerand datasampling,datacollection and datacoding. It aims to
analysehe data systematically and analytigah a nonrigid manner. In tls process,

the categories and variables guide the stwdyile other concepts can emerged in the
process involving a constantsearchand comparison fothe relevane of situations,

settings, styles, images, meanings and other nuances.

nal desi K e diff isciplines

Participants:

To ersurethat awide variety of reasoning methodgere collected and studied0
designersvith experiencavorking on different types of producter more tharb years
wereselected. Tis researchsoughtto observe and collect empirical eviderafethe
d e s i gimreedisted reactios and feedbackin visuatspatial reasoningo solve

specific design mblems.
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Interview environment:

A comfortable and quiet environmemésarrangedo deliver the task anarganisehe
interviews, whethert he i ntervieweesd work space or
setting A table withalamp or light source, a chaanddrawing tools (paper, pencils,
coloured pencils)wereprovided. A video camenaasused to capture the moment of

design and record tlieedback othedesigners (image and audio).

Process (cognitive experience):
Each interviewand all of the taskslastedfor two to three hours. Opesnded and

structured interviewwereused. Therevere two stages of data collection.

Stage |

A primary studywasconduced and the resustwereused to inform the design
of the tasks and toolsf Stagell. | interviewed three designers and condext
an initial experimenontheir ways of using visuapatial reasoning in different
contexts. Itwas difficult to identify the saturation pointhenthe tasks and
guestionswere perfectly refinedl refined the initial desigof the taskstwice
(three rounds of tests ftlethreedesigners). If theravas no obvious problem,
it wasadopted irStage .

Stage |l

In this project,at least 10professional product desigmsewere invited to
participatein in-depth interviews with semiopen questionand several simple

design tasks.

During the tasg, to obtainfresh and detagldinformation on theexperience of

the interviewes, the researcher (me) a&skguestions about the design process
from time to time. After the taska graphical tooWwasintroduced tohelp the
interviewees (designersd reflect and express their experience, process and

reasoning during the tasks.



Design tasks (Protocol analysis):

The studyinvolved three design task®lo tasks excee@d 30 minutes. A longer task
would haveinvolved too many design steps and the intervieswgeuld not havebeen

able to recaleachoneclearly and correctly.

Task Ii Collectingevid isuakspatial ing

Thisdesign taskvasused to enablheintervieweeto explore different types of visual
spatial reasoning methotly, for exampledesigring a coffee machinwith different
components and consideyg different workflows. The mechanical challenge
encourage the designes to adopt different types of reasoning to solve corapl

problems. It prove the existence of various types of vissphtial reasoningdt also

reveakd how and why the visuadpatial reasoning methodsereused.

The designeywereasked to design a (nenteractive)product such asa lamp. The

reasoning procesgasrevealedhrough observatios, questios andagraphical tool.

The designerwereasked to design a product (wininteractive function)such as
| amp designed f orir remsoning preceswas revieadediteaugh T h e

observatios, questios andagraphical tool.
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3.3Research hypotheis and researchquestions

In the following sections | first introduce the research hypottseand research

guestionsthenthe method®f analysng thesequestions.

3.3.1Hypothesis

In the context of social design project involving product creation, prototyping is one
of the critical challenge that impedesthe implementation ofhe innovative concept
developedby a multidisciplinary team ira co-design project. For instancleased on

my personal review and an interview withe project facilitators of two social
innovation projects called Library Lab for a government library in Hong Kong in 2016
andThe Park Lab forthe Leisure and Cultural Seices Department of Hong Kong in
2017, the prototyping stages were identifeesthe cause of the failure tmeet the
expectatios of the orgarsers and the participaniduring the workshopdhis problem

puzzlel me and many other facilitators | collabaatwith.
Design is an embodied experience

Prototyping is an inatehumanability practsed ineverydaylife, including facilitatng
therecogntion of patterrs, evaluatingthe elementsf theoutsideworld andinforming
thereactiors (psychological and physiological) tbe material and natural world. It is
the fundamental ability not onlp supportthe movemers or interactiors of our body
in the world, but alsdo facilitate the materiagation ofthe human worldfor instance
by aeatingtools and symbd. Prototyping is an embodiment dfie cognition ofthe
sensessuch as visionthe movemend and conditions othe body itself and the
surroundingenvironment. It is a skill that can be trained angrovedto a certain level.
Well-trained designeror visual thinkes are more aware of the need to identify and
better able to identifyninor changesn visual information they are better abl®
interpret visual conceptandverbal meas of communication and they haveicher
reasoning approaches aadetter visual memory. In this thestbe parameters d
prototyping and how theeparameterswere related to thematerialsation processn

particular the forrgiving practicein product designverestudied.
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As an experienced designer, | foundtgrototyping (an outputased owisuatspatial
reasoning)s oftenmysterious and inexplicabl;deed many designers do naantto
discuss oranswerquestiors about it. Designerprefer tolearn something new and
practical to solve immediate problenin addition they findit difficult to explain the
nature of design to other stakeholddos instancewhy doesit take them so long to
come up with a simplandgood design©andesignbeexplaired? If it is related tahe
logic of materiakation, somepatternsshouldbe identified as a form of inference in
design Few studieshave bcused orvisuatspatial reasoning in desigmstead most
studieshaveexploredvisual elements anabstract level andmphasisethe logic of
the processFew studes have been conducted tite practical levelto analysehow
designes manipulate a form and argta minor changes line, shape and proportien
Visualspatial reasoningccursduring theexternal representation mode (e.g. sketching)
andtheinternal conceptuaation mode (e.ghemi n d 6 s thexgsignepMost of
the time it is not a sequential procesghich isalsodifficult to follow. It is not possible
to simply use a questionnaire or anaythe sketcles,as theycannotgive a complete
or real picture of design reasoning. Tkigplainswhy we foundthat somedesignes
skip steps anthatsketchng is only part ofthe thinking or recording platform. Nigel
Cross also combined sketching (physical evidence) and intertoeanalysehe way
of thinking of designers(using quotes), although hisstudy did not address the
construction of visuaspatial reasoninglo truly reflect thedesignprocess (focusing
on visuatspatial reasoningn the form-giving process), | adopt a hermeneutic
phenomenological approach to acquire qualitative dathe experience of individual
product designer during the reasoningprocess in design. This wadbktablished
approach is effective for understamgl the creaton of meaningin a design
phenomenon. If wevantto know how designemanipulate materials and transform
ideasto creat new forns for appropriate solutics) we should ask a designer wéhie
shapes the materiah a particular structure. Designing is not a pyregical and
sequential decision, it istgpe of iterative, exploatory and meaning creation process
of individual designes. Due tothe abductive nature of design,sitouldnot have a
standard or universal answer. Desigmany reflect andntegratethar personal valug
or ways of seeing/perceiving into thelesign.This unique outcomeanbe directly

affected bytheabilities, values or belids of individual designers
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The key hypothesisof this researclwas that there are obstacles to progret®n
building aprototype collaborativelgr even individuallyduring the participatory design
process.The research questions mainly foadisen the beginning of the idea
development stage¢he proofof-concept prototyping procesbhis was consideredra
important milestone ithe design workshopasthe development od wellarticulated
prototype as early as possibleould be a stepping ston® user evaluation or
engagemento collecthigh quality design feedback and enathie iterative process.
This investigationfocusedon the transformation othe product design concepthg
intergenerational parkbendy design) from textual representationto visual

representation in the participatory design workshop.

3.3.2 Researclarguments andquestions
3.3.2.1Form-giving strategyto facilitat e design

| assumedhat product designgi(non-engineeringdriven) perceive prototypingHhe
meaning production approach) as a keyor lensfor makng sense of a design
involving the use ofvisuatspatial reasoning talevelopa possible solutionThe
experiencef searching for a way out of a magea usefulnalogyfor adesign activity
in which product designeffind different paths and anticipate possible £&irough
trial and error bynaking assumptiseandthroughexploration (&ductive thinking).In
addition,designes usuallydo not know the exit at the beginning of the ganmeleed
amazeusuallyhas different exits (this is what desigrsdearnduringdesign thinking
training Moreove, anexit canbe conneotdto one ofthe entrance of other mazsor
to a bigger maze (a more challenging problefifernatively,thedesignes eventually
realise that there is no exiinderthe existinggame ruls. Theymay try to creata new
rule (e.g. reframing or reinventing a new model) to move forwdoavever, thisdoes
not mean that thecanreachthe predefine@&ndgoal. In factthey mayidentify a new

opportunitythattheywould neverhavethoughtof at the bemning of the game!

3.3.2.2 Neither subjective nor objective

Many people describdhe work process irengineeringes objective and quantifiable,

whereasdesignis consideredntuitive, subjective and type of tacit experienceéhat



cannot be explicitly described verbally. In this researshiggestethat desigrcanbe
evaluated empirichl. In other wordsdesigncan be asubject ofanalysis. There are
manyelements of knowledge related to design. | fecls visual formgiving andthe
perceptios of form language irthe practice of product desigrthe most relevant

domain knowledge and slglthat product designers find fascinating ameproud of.

3.3.2.3 Noninteractive product design experience vs. interactive praact design

experience

It would be useful to know the similarities and differenicethe waydesignes adopt
prototypingin different contexts and requirementsamelycomparing the inference
process and methods for designing 4raeractive produstand nteractive produst
Indeed, he resuk may inform curriculum design in education and management

planning in commercial projext

3.3.2.4 Questionsabout the correlation between designer capabilities and

prototyping performance

Nondesignes may encounter difficulties anay beunfamiliar with thetransfornation

of abstract concepinto concrete experiensewhichis an obstacle to coreation.The
main questiongsked in this researaliere the following What are the obstacles to
building a prototype collaboratively durintipe co-creation process? Why and what are
these factors? Inwhich situation?In addition, bllow-up questions infored the

understanding gbrototype-ability . Theywere as follows.

1) How does the shift betweeéna b sét raencdh cdr et e 6 sdaffesti gn c onc
prototyping collaboratively?

2) How many t vy p-eocretéshiftoeaidPst r act

3) Howisé mat er i al p dto pratosysing effgdivenmess? at e

Visualspatial thinkinggenerallyyieldspositive resulin thecollaborative prototyping

process with different actors workinggetherdesign and nowesign disciplines)The
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following questionsboutthe correlation between thinking preferences and prototyping

performancavereexamined

1) Are participans confident or familiar withvisual thinking also better in
prototyping (sketching the scenario)?
2) Are participans confident or familiar withverbal thinking also better in

writing verbal conceptconcretely?

In this researchdmageabilityd  asitudteddiesdwere used toneasurghe cognitive
succes®f product designerto deal withthe design process in the early conceptual
prototyping stagefrom the perspective of instructionatlesign theory (or

constructivism).

The resuk helped developa framework to enhance and assefize effective
facilitation of the product concept prototyping processor individual projecs and
co-creation projeainvolving different stakeholders with and without art and design

training.

The questionsvere integrated into the three consecutive stages.

A1) Casestudiesof differenttypes of design workshopgerecollected and compared.
This stageaimed toidentify the main problems alesign workshops ithe concept
prototyping process.

A2) Workshopl (10 participants from design disciplines)

A3) Workshopll (60 participants from different disciplines)
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Chapter 4 Case studies Designproblems in the
transition from ideas to early phase concept
prototypes, based ora review of different types

of design workshop

Participatory desigror co-creationworkshogs have become a common approach to
social innovationin Hong Kong in the last decad&his is not new to academic
discussios from amethodologcal perspectiveThetransition from concepts toearly
phase prototypes has rarelybeendiscussed and its contribution to the sucfigss
delivety of afinal prototype antbr a holistic produeservice systenhas often been
ignored.This chapter presents the aggregated resultsyafritical reflections on my
first-hand experienceas a workshop planner, facilitator and participant andthe
opinions of others on the prototyping process (at different stageshile coaching
workshop participant® move forward (the transition) from design concepts to early
phase prototyping activitie¥he participant®profile (age, gender and education) and

theresearch contexts varietihe constraintarealsodiscussed.

One of themaingoalsof this part of the research was to ident#general picture of
O6prot ot ypi imdsesignpmjects Inelwisy socialnovation and cereation.
The methods included) a review of workshop processes(ii) interviews with

participants and (iii) content analysis of the selected outcomés.g.developmenof
the conceptf the participantsisingspecific idea generation or mapping toai}he

workshops.

| designed, orgased andsupported various participatory design workshegzsproject
leader andacilitator. Seledhg differentworkshop training experiensavas designed
to identify commonproblems in theprototyping processinvolving participants from
diverse backgrounds. In the following case studi€$able4.1), 12 design workshops
are describedin detail and the early design phase and issues relateédetdesign
concept prototyping process and toate further elaborad and analysedTo date

therehas beemo in-depth study of the transition between concept brainstorming
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(e.g. idea brainstorming in verbal language)l early phase prototyping(e.g.amock
up or semifunctional prototype).However, | suggestd that it was important to
understand the mechanismtbé processé which know-how or techniquesanguide
workshop facilitatos and designexto effectivelytransformverbalabstractconceps

into visualconcreteconceps.

Table 4.1 Distribution of the 12 design workshopcases in terms of number of
participants, duratiomnd main goals (product design, service design, management

systemdevelopmenandor business model development).

Case| Workshop title | Numberof Project P |S |M|B | Main
Participants | duration S | M | characteristics of

the workshop

I Co-creation ** ekl * | * | * | * | Large scaland
programme with | (40 3 lengthy
and for Silver participants) | months) collaborative
Age 2015 design process

with different
stakeholders;
Information about
planning a design

workshopusing

the prototyping
process
Il My Quality ok * * Adopting
Home Livingi (80 (halfa prototypng asthe
The Elderly participants) | day) research approach
Creative to facilitate user
Workshop feedback on desig
conceptanduser

experiencef 2D
objects with 3D

information
1] Prefered * * * Adopting
Elderly Home (10 (halfa prototypdng asthe
Design Exercise | participants) | day) research approac
(3D tool) to facilitate user
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feedback orthe
design concept
anduser
experienceof 3D

objects

Jockey Club
Retreat
Workshop

*%*

(40

participants)

(halfa
day)

Comparative
study of the
performance of
the elderly with
younger and

educated people

KODW 2017
Elderly Design
Workshop by
RCA

*%*

(40

participants)

*%*

(2 days)

Information
based orthe user
journey/scenario
prototyping
approach

Vi

ThePark Lab
2017

*%*

(28

participants)

*kkkk

(6
months)

Large scale
project witha
large group of
stakeholders
withouta design
background. Civil
servants also
participated as
designes with
residents and
members othe
community.Text
driven
explorabry

workshop

VI

PolyU x HHCD
Healthy Ageing
in Hong Kong:
Hong KongCare
Homes

Kk

(20

participants)

*kkk

3

months)

Review d the
project with
academis,
postgraduate and
undergraduate
studentsusing

visual tools

VI

Intergenerationa

Game Design

*%

*kk

(5 days)

Co-creation with

theelderly

128



Workshopwith (20 (stakeholdersin
andfor the participants) the early design
Elderly (HKCS) and final product
evaluation phase
IX WeDesign il FrAx Application of
Programme by | (40 3 quick and final
JCDISI participants) | months) prototypes with
minimal user
participation
X Workshop for *x * A case showing
Community (5 (halfa thecommon
Service Platform| participants) | day) practice of social
Planning (Yi Pei workers
Square) brainstorning
new service
design
Xl Elderly Service | * * Review d a
Design (2 (half a smallscale
Workshop for participants) | day) workshop to
Integrated facilitate the
Services Team analysis of
current services
andexplore
future services
Xl Elderly Service | ** * Review d a
Design (20 (1to2 smallscale
Workshop for participants) | hours) workshop to
Home Service facilitate the
Team analysis of
current services
and exploe
future services
Index of workshop goals

P = Productdesign

S= Service design

MS = Management syste@evelopment

BM = Business moddbevelopnent




4.1 Case |: Cecreation Programme 2015

Large scaleand
long collaborative

designprocesswith
different
stakeholders

The first casavas aco-creation programme with and for Silver Age 20150rgansed
by the Jockey Club Design Institute for Social Innovation and led by me as the

workshop planner and facilitator.

The programmevas a cecreation platform aimd at establishingnalliance withkey
collaborators to explore innovative concepts througkearching, designing and
promoti ng mednap rt ontbithe neads dffireagtoupsof stakeholders
manufacturers, service providers, marketing/sales agents, arsg¢fgoduct design
professionals.The frameworkfor the workshop was establishedo explore and
understand the direction tfedesign platform fotheelderly in Hong Kong (Figure
4.1.1 and4.1.2). The workshophelpedthe participants address and explaxariety of
emerging themes and methpdscludingé Act iev e@,damgi n P,l6&Cwe 6
desiagphooHu maent r ed Awhch beacehtlde frameworkfor the
product development procegsach teanwas led by a pradiing product designer and
had a pre-assignedexplorationtopic. The topicsvere édmobility assistancé dvisual
and auditory assistanc§ d@ementia or memory loss suppo#i dvearable health

monitoring 6anddssistive furnitureddesign

Five teams successfully generag¢d five tangible designsolutions drawings,
specifications and prototypes for further evaluatbthe feasibility of production and
commerciakation.Cuttingthroughthe workshop process, the prototyping sesgias

one of the aresaworth discussig.
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Figure 4.1.1 The Co-creation Design Workshogondictedin October2015was built
on the experience of theprevious two yearandan indepthpilot studyconductedn

summer 2015

Other
stakeholders

Positioning
& promotion

Service
design

Service . Retailors/
Designer
Providers 9 « Distributors

Product &
system design

Production
& delivery

Figure 4.1.2 Framework ofthe co-creation platform of the workshpf explore and

understand the direction tfedesign platform fotheelderly in Hong Kong.
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Procedure

Figure 4.1.3 General sequence of workshop processesuding a twemonth pilot
study and d@hreeday Cacreation Design Workshap October2015.Steps 4.1 to 4.5
describe the process of theintensive threelay design workshop involving all

stakeholdergncludingtheelderly.

4.1.11dentification of issues and problems related tearly phaseprototyping

Although this programme&vas conductedor three months, the collaborative design
phasdastedonly three daysTheremaining otthe workshoonsisted oftiser research
and empathynapping The ideageneration process took placzarding to thestandard
design workshop routinencluding revisiting the situations identifieliringsite visits,

interviews andthe profile stud of theelderly living in publc housing.

The workshop intended tdevelop prototypes by identifying the unique and
personal experiencs of older peoplerelated to active ageing and ageing in place
Thereforea threezone model was introduced éncouragehe participants to explore

theu s er 6 s aj homejinnte gommunity andwvhile traveling. The participants
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also conducted home visite severalolder people withdifferent levels of physical
problems such as low mobility or low vision.
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Figure 4.1.4 Co-creation sessioii Conceptidentification stage through rhapping
problems and opportunities on the thmeme map. The team leader (designer)
discusedwith the stakeholders to reframe the problems.

The participants easily mapped what thead experienced or collected durirthe
research phase on the thmme map(Figure4.1.4). The idea development session
went well and many ideas were collected. The designers and design studenés
assigned tceach teamwith other participants from dierent disciplines All team
membersshared thie selected concepts at the end of the first ddye problems
appearedafter idea integration and concept consolidation. As expected, some team
membersstruggledto make a final decision.Only t h e 6 masdistaha® t @ n d
Gssistived ur ni t uuse thequiok moulsup approacho physicalise thie early

phase concepprototype for decision-making and evaluation

Summary of identified problems:

1 Having good coverage of different stakeholderswas not equivalent to
representing the real interests of users The workshopgnvolved different types
of stakeholders related tihe productsfor the elderly, including user group,
developers, manufactureesd wholesalers. However, ost of the seniorswere
relatively youngand active They could not represent real userswith chronic

diseases or other physical and cognitive probJemsome project topics focused



on the problemsof older peoplewith disabilities In this casehome visits were
conducted andlder people were interviewebh participatory design, users should
be involved in theentire design processfrom conceptual development to the
confirmation ofthe final design.However,in this casethe real uses were not
involved in the concept development procesbherefore,the questions or
assumptionselated toprototypedevelopment mighhot have metctualneeds or
mighthave requiredtritical review. To solve this problem, the real users should be
invited to test the initial prototypes as soon as possible.

The workshop required professionalknowledge: The team identifiedlifferent
typesof wicked problemssuch as uncertain relationshipstweerthepr oduct 6 s
structure, functionality, usability, human and cultural factors (ergonomic,
culture, aesthetics, behavior and value) and cost In addition, most of thee
factorsinvolved professional knowledge. Althougéxpertswere invited to give
talks and shar their knowledgeit was difficult for most participants to manage
compkexinformation especiallyolder participantsThe visualgationtasks(such as
product concept or scenarpyototyping were performed byhe designers and
engineers.

Designers dominated the visualisation process:| discussedhe processvith the
team leadersand found that they deployed various strategies to coorditiage
participation of different stakeholders. For instance, one of the team Ileader
prepared a welllefined product rendering based on their assunmptdter thér
preliminary research and adopteddiiring the threeday collaborative design
platform. From my observation, the otherembersof the team(nondesign
backgroundid not make significant changes the form andkey features of the
design proposal. Thearly introduction of refined visualisation or prototype
rendering definitely affeced participation and further developmeittis did not
mean that the desigwas not appropriatebut that the designer dominded the
design andheownership otheotherparticipantavasweaker A physical prototype
should have begproducedquickly to conduct real user test

Prototyping was a professional skill: To my surprisefew of the nondesign
trained participantsvere able tobuild a model by manipulatig basic model
materials such as pink foam, foam board and wooden stiCkearly, either the

skills and toolsvere not useffriendly or other aspespreventedhe transformation
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from verbal concepgtio tangibleexperience. Material knowledge and processing
methodswere the twomain obstaclego learning Thus, in this case, the orgsen
mobilisedtheprofessional designers and design students éxtakof themajority
of the prototyping task#\s with theprevious visualationproblem the drawback
was that the designediominated the creative outcomes

1 Limited time: It was obvious thatheconcept generation sessigmcludingrapid
prototyping, was too shortThe participants neestl more time to study or review
the collected datawhich could have ledto more indepth understanding and
insights.Thisis alimitation oftypical design workshog in whichmost participants

are volunteers anlaveno obligationto participateas they are not the immediate

beneficiaies

Figure 415 Designers playeda dominant role inthe latter part of the idea

brainstorming stage.
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Figure 4.1.6 Designersand manufacturers discesbprototype designincluding the
form, technicalityandfeasibility. Other stakeholders were not involved.

4.1.2 Project reflection

According to our plan, we expected the desigteestasrepresentativesof different
stakeholders anth immerse themselves in tliesign process with other participants
instead of a standlone designers(milar toprofessional practice). Unfortunately, most
of thevisualisation and prototyping tasks were carried out by the designers. According
to the cacreation framework, the keyakeholders includkthe following
1. Conceptualisation space: School of DesigiKPolyU; Jockey Club Design
Institute for Social Innovation (J.C.DISHKPolyU
2. Elders (eleven participants)
3. Service providers: St. James Settleméfan Chai Hospital Social $aces
DepartmentSenior Citizen Home Safety Association
4. Retailers or distributors of elderly products: Culture HarkksHo Life
5. Manufacturers: Suga International Holdings Limjtstedisen Limited Lamex
Trading Co. Ltd
6. Designers: Innospher&on Bone Dsign Inno Box Design; Teaspoon; db
design workshop Itd.
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7. Other organisations: Elderly catakers from other NGO#dustrial Designers
Society of Hong Konglinstitute of Active Ageing (IAA) HKPolyU; Eldpathy;

Federation Hong Kong Industries

In conclusion, lhe problemsin this case covedseveral concepthatrequiredspecial
attentionto ensureeffective prototyping.
i) Lack of real representatives(or real users)
i) Knowledge in different contextswasneeded
iii) Designerdominated.
iv) Different levels of professional knowledgeaffecing the level of
participation of different noprofessionals

V) Concept generation andjuick prototyping processwere short.

In addition the diversity ofthe stakeholders (amdicatedin thelist of stakeholders
abovég and theireducation backgrousar experiencg along withthe workshop plan
and toolsaffecedthe effectiveness of the facilitation and outcoroithe workshop
Determiningthe objective of a design workshogs essential If the pupose ofthe
design workshopocuses oreducationto learn and prometthe design procesghe
participationrate and the appropriatenessfdhe implementation ofthe prototyping
approach are more relectand open. If the orgaser wishesto promote bottorup
participation and colle¢hereal needsf userghrough cecreation, the recruitment and

workshop processes need further adjustment.

The initial recommendatiorto improve concept development through protatygp
(such as mockip making) iso prepae appropriate model tools. mhay be a modular
systemin which most norprofessional participants can budgdmeaningful structure
for evaluation. Foam and ciioard may not workor some peoplesuch agheelderly.
LEGO or similar block design systsnmay be a betteoption for nondesigners.
Transforming verbal or written concehto visual or tangible structus@ppears to be
a challenge ands essential for advancingthe progress of a participatory design

workshop with different nowlesigntrained stakeholders.
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4.2 Case Il:My Quality Home Living T The Elderly Creative
Workshop

Prototyping as a

research method fo
a large group of
participants

The My Quality Home Livingi The Elderly Creatig# Workshopwas asubsidiary
activity of the Jockey ClubAge-friendly City Projectsponsored byrhe Hong Kong
Jockey Club Charities Trust (The Cluahd coordinated byhe Insttute of Active
Ageing The Hong Kong Polytechnic Universifihe Club is one of the tdi chariies

in the worldand supportdhe project to foster an ageendly city and raise awareness
of active ageingn Hong Kong Local seniorsgenerallylive in small, self-contained
flats for one to two peopl¢betweenl4 and17 ) in high-rise public housing or in
small partitioned roomand suffer from limited space and inappropriate interior and
furniture designThe arrrent design cannoteet theneeds otheelderly and the needs
caused byhe processof continuous ageing (e.g. ergonomic chagfethe body) and
chronic diseases.was irvited to lead a group of researchers to engage kears
andexaminetheir preferencefor quality of life at home and the use of interior space
and furniture througlthe creation process. A playasedtool was developed for the

investigation.

| arguel thatcurrentliving environmens (including spatial and furniture desigeguld
no longer perform athey wereexpectedthere was no design agendaolder people
living in high-rise apartmerg decades aga@ndcould not satisfy the heterogeneity of
older people liing independently. The project undeok a participatory desigstudy
to i) allow differentseniorsto sharetheir home preferences; ii) collect their views
duringthedesign workshop; iii) formulate design galohes based a feedback/cases;
andiv) raise publicawarenessf the real neeslof theelderly and inform future design
directiors. The Age Friendly Interior Design Workshegsconducted witt80 seniors
and providedthem witha visual toolto prototype the layout and featuresof their

preferred homefurniture .
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The creative prototypintpolkit developed to support tleéderly workshops presented
below. The tool consistd of a set of twedimensional graphical representationsaof
home enviroment and home products. The principledefelopmenof this prototype
tool was based on the assumption tHatv older peoplehave adequateacademic
education. Some of them mhgve poowerbal expressignncluding writing and oral
articulation. Thus, the toelas designetb help then sharetheir design concept (such
as spatial relationship, home activities and user experience) theoagative task
rather than writing or through interviewnly. Two typical floor plans (14 mand 23
mz) were provided.It was assumed thathe 14 m2 plan had limited spae use
possibilitiesandthatthe informantsvould be forced to focus onther basic needs or
most important needs. After finishing the smaller plan, the eldeclysed orthe 23
mz plan, which wassupposedo allow areflection on the previous exercisith thel4
mz plan. Theywereexpectedo explore other ussor create additional features that the
14m2 plan didnotallow. The participants were invited to imagine their pneféghome

living design based on these two plans.



Figure 4.2.1A set of two floor plan templateslustrating two commonfloor areaq14
mz2 and 23m2) for one to twoseniorsliving in Hong Kong.The 14m:2 plan wa a
standardype of public housing for one to two persons. Ther@28plan hadan open
plankitchen providedn the private market.
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Figure 4.2.2Examples of furnitureimages in isometric viewproduedto explorethe

preferredliving environmensettingof the elderly

4.2.11dentification of issues and problems related tearly phaseprototyping

The furniture puzzles anitbor plantemplatesasa method to enable user engagement
and imaginatiorwas not newto design researcheerHowever this projectchallenged
me asit was the first time that | devised a visual toolhtelp a large group oblder
participantg80 senios) from diverse backgroundto carry outhe samereative tasks.
Thegoalsof the workshopvereto collect theparticipants perceptios on (i) theiruser
experienceand(ii) their expectatiors of two apartment designs(14 mz and 3 ng).

It was assumed thatomeprecisionof the toolswas essentiato stimulateappropriate
memory and new associationBy adopting then-scale and isometriepresentation
approachthefloor plan furniture and other home produst®re producedo support

the workshop.
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A pilot trial was conducted witbkix activeseniorswith some participantsaving higher
education.During thecreation process, gurpris&l me thatmore than half of the
participarns haddifficulty manipulaing or orientaing the isometric furnituréems In

the sampleshown belowgcreatedby one of the participas{youngold), someof the
furnitureitemsdid not matchthe correspondng spatial configuration. For instance,
the refrigeratofon theleft-hand corner of the floor plan) and the thdeawer cabinet
(on theright-handcorner of the floor plan) aretalignedwith the isometric guidelines.
Another commormistakewas the orientation of the furniture (the XYZ axis issue)
corresponding to the floor plan. For instance Jéingecabinetin themiddle of the plan
near the toiletlies on the flooinstead oktanding a®0 degres The washing machine,

theshoe cabinethechair andhefoldable table are alsgisorientated.

Figure 4.2.30ne ofthesampletess carried out irthepilot study. The resutindicated
that it was difficult for some femaleseniorsto align the isometric viewvith the

furnitureitemsand spatial design (floor plan and walls).
This phenomenon alsoccurredin the real workshomluring which many elderly
participantanademistakes with the orientation of the furnitunéems according to the

spatialindicationssuggested by the isometric floor pdamith walls and grids.

Thetwo creative work®elow (14 mz2 and 23mz floor plans) were created byf@male

patticipantover 73 years old. She planned her pref@home design based on teo
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template with different sizes and slightly different spatial feagiigpendingabout30
minuteson each planWheninteractngwith the creative tog| shecarefullyplaced the
furniture and home products according to her preferehdeas the other participants,
shemade mistakesShe could visuade the outcomes (choice and position of the objects)
and m&e changes easily. She could also write some remarks if Wasr@o prope
choiceor featureoffered by the furniture or home produdiems For instance, she
emphassed theneedto keep dairly wide walkwaynext tothe bed §sshownin the 14

m2 plan) anddeliberatelycreateda more spacious areatime middle of the apartment
(asshownin the23 mz plan).
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Figures4.2.4and 4.2.5The two imagegboveare thecreativeoutcomesof the14 m
(first layout) and 23n2 (second layout) floor plargesigné by one of theparticipants

over 0 years old

Summary of identified problems:

1 Misalignment and misorientation: The participants had difficulty
manipulating the furniture or produtémsaccurately.

9 Visual information facilitated trial and error : Thiswas important focconcept
exploration and modification.

1 Visual representation helpedto articulate the user experience (intangible
experience):Compaed with a normal questionnaire with verbal clues, more
accurate user percept®of their needsvere collected through graphical or
visual representati@n in particular the concepts related the spatial
relationship between uses and objed, the goal being tocreate auser
experience.

1 The participants did not havedirect experienceof the research contextThe
elderly didnot havethe experience ofiving in a 14 mz andor 23 mz2 space.
Many of the participants livkin apartmerglarger than 14n2. The kck of real

experience mie itdifficult to formulateappiopriatecomments
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4.2.2 Project reflection

In conclusion, e results indicatethat the todd successfullyhelpedthe users associate
and carry out analytical activities on spatial qualithis was one of the facter
contributing tothe concept of quality of lifeof the informants,a ratherabstract and
gualitative concept Thisinformationhelpedthe researchateeperhisinvestigate and
ask followrup question to the participard/informans. In general, this spatial and
product design prototyping method is effectiveaasnalyticaltool for engagng and
collecingp e o p | e 6 s sipresponse patspeafintype of environmental design
and interactioawith users, objects and related activities involving lzatbncrete user

experienceandan abstract concept
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4.3 Case llI: Preferred Elderly Home Design Prototyping
Approach (3D)

Prototyping as a
research method

This case studigadthe same objectivas Case Il, along witkimilar prototypingl was
the princi@l investigator of theroject whichwas supported bgdepartmental general
research fundrom The Hong Kong Polytechnic Universitit investigaed the real
needsof the elderlyat homeusingthe prototyping method to collect qualitatisea.
The main differencewas that the methodvas individual and usedin the household
environment.In addition it usel threedimensional models instead die two-
dimensionaltemsused inCasell. Furthermore, aew processas incorporatedrirst,
theparticipantsvereasked to build theicurrenthome environmenusingthe floor plan
provided with threedimensional walls and furnituréecond, thg were invited to
modify ther currenthome environment based on their prefersifieefuture use such
as thenext5to 10years. One of thgoalswas toencouragé¢heparticipantdo anticipate
and explore possible changeghe near future. This methoalowedthe participarg
to gainfirst-hand experiencewhile obsering thar currentsituation (more concrete
andvisual) and provide a sequential conceptual developmdndm retrospective
prototyping to prospective prototyping Ten cases were carried onthepilot study

to evaluae the prototyping method.
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Figure 4.3.1 Scale (1:15) models produced for the creative exercise. The furniture
modelswere madeusing threedimensionalpaper card The smaller products and

irregular itemsvere madein two-dimensional format.

4.3.11dentification of i ssues and problems related tearly phaseprototyping

As mentioned earlier, theravere two stagesin this prototyping approach:
reconstructing current home setting andmodifying them. Although it took time to
guide the elderly toecreste animitation of their homeo scale this processvas very
useful. The creative exercise was donthe home othe elderly. The facilitator invited
the participardto go throughhedifferentareasof thar home one by one. The elderl
could easily refetto their home settings and identify the matching models, position and
orientation This workedwell as a rehearsal fdhe next task No verbal materialvas
required (except simple oral instruct®nThus this methodwas effective forthe
participantswith differentlevds of language educatigms long as theyoulld interact
with the facilitatorby speaking and listenind\fter reconstructing the home setting
themselves (somparticipantsneead help from the facilitator such asshowing the
tasks at the beginningje facilitator guidd them to point outhepositive and negative

experience of their current living environment.
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Once the main problems or criteriavere discussed, the facilitator encourdgbe
participantsto makechangegshroughatrial and error approach until thedentifieda
preferable setting oadjustedthe transformation of a new home. The design inten
expectatios andor new conceptof the elderlywere collected by recording the

changesn the furnitureandthevoice and notes made by the facilitator.

Figure 4.3.2This imageshowsthe prototypingprocess of a malparticipait over 70
who exploed a new furniture layout and select new furniture and home products

based on the configuration of lmarrentapartment (scale model).

Summary of identified problems:

91 Prototyping using predefined modeling materials enabled creative
participation: One of themain problens with engaging people (orthe
elderly) with different levels ofeducation or languags was the consisteryc
of the questioning approach atite uncertainty ofthe validity of the dataas
identical research questions/protocol/soalere used. Seconagngagng and
empowering the participanis a common concern the participatory design

approach. In this case, we reahd thatthe prototyping processcould beused

148



asa form ofpersonal journey/experience reviewto gainfirst-hand learning
experience The participantswereactively involved in the construction of the
model (predefined scale furniture modaiems in which learning and
reflection ould be better articulatethy connectng their previous personal
experience anthetangible worldof thar home environmentn particular the
furniture itemswere commorobjects that most participarksew or hadused
in the pastin addition,they could choo® andusethefurniture jtems without
writing or sketchingTherefore, theireducation level and drawing slsltlid not
affect thér performance.

1 Prototyping a familiar space/design enhanakreflection: Similar tothe twe
dimensional home design worksholpe methodhelpedthe elderlyaddressor
criticise the research contefthe spatial and furniture desigimpm a different
or anew perspectiveand th& previous memoryAs the elderly ould review
thar home environment holisticallyith a birdd -eyeview, theycouldbuild a
dynamic and sequential mental image/processuch asa walk-through or
user experiencesequencewhile using the differentareasassociatedwith
different product®f theirhome. Morealetailedreflectiors or opiniors could be
collededthanwith aquestionnaire.

1 The prototyping process worked asan open research approachin general,
some irrelevant concepts are worth investigatg, as they may disclose
insightful or previouslyunknowndesign problems and opportunities. Thihs,

prototyping proceswasusedas anopen research approach

4.3.2 Project reflection

One ofthe important reflectiamof this casevas the implementation d first-hand
learning experiencein the prototyping processand the open interactiors with the
participants, the tools and the researchern conclusiontherewere two main types

of prototyping processs retrospective prototypingndprospective prototyping.

Retrospectiveprototyping involvesreviewing and analysig the context of the study
including refreshing theurrentsituationandrecaling memory through a perceptual

experience journey while prototyping with immediate flranhd feedback (e.g. redot



sight, touch or walk). This process can capture expesawite thecurrentdesign and

triggerprevious experiensavheninteractng with the current design elements.

Prospective prototyping involves imagining a future or non-existert situation or
design concept. For instance, #dderly werehelpedto modify ther home prototype
to scale(duplication of the real situatiomto a preferable one. It haddthem createa
more realistic new desigmased orthe currentdesign madevith ascale modelNon-
professional participants could also generate or provideconcrete and clear

expectatios or requiremergfor a new design
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4.4 Case IV: Jockey Club Retreat Worksho018

Comparing the
performance of

younger and more
educated
participants

This casavas anextension of the workshop of Case | (My Quality Home Livinthe
Elderly Creative Workshop)he Hong KongJockey Club Chaiiies Trust(The Club)
invited me tdeadatrainingsessioron design thinking and the use of creative $dol
andyse older peopl@ perceptioson 17 August 2018 he workshop aimdto testand
review the design thinking method and home designusedin researclon the elddy
in Hong Kong.It involved eight groupactivitiesand45 staff (junior and senior) from
The Club.The significance of this workshopas that itinvolved younger andnore
educated participants thatme sendr community. The resudt were expected to

corroborataheresults ofthe casesnvolving elderly participants.

4.4.1 1dentification of issues and problems related tearly phaseprototyping

The workshopwas a trainingsession that allowethe participants t@xperiencehe
prototyping methodas a researchiool to analy® their preference for home living
conditions Thus, the exercidasedonly aboud5minutes Similarto the elderly group,
the female participantsin this grouphad more problemswith misalignment and
misorientation than the male participants Case Il (twedimensional home design
workshop)hadthe same phenomenon. & purposevas to experience the creative
process, did not counta | | of t h eéencopemtpldcenemd pHawevers réore
than half of the teamsnisdirectedor misaligned the furnitureitemsin the isometric
floor plan. In conclusiontheyounger generatiohadsimilar visual spatial problems

to the elderly.

From amother point of view, this phenomenon (misorientation and misalignment)

revealedthat not all of the participants could deal with compéx visual and spatial
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tasks, experiments or interact®iheindividual visual-spatial reasoning capability

factor affecedthe assessment and data analsessilts

Figure 4.4.21 informedthe team thaa furniture item was misoriented The image

shows mellustratingthe right position.
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Figure 4.4.3This image igroof that the membeiof The Club also misaliggdor failed
to properly orienttemsduring the prototyping process.

Summary of identified problems:

1 The participants showed various levels of performance in visual-spatial
ability : The effect of visualspatial reasoningroblemscould be minimsed
with the help or participation of the workshop facilitatoSome of the
participantswere betterat manipulating threelimensional objestor image
with threedimensional informationHowever,othess could not manipulatethe
objects or imagesorrectly, evenwith thespatial clus.

1 The participants explored the design teratively: Manyof theteams explor
the furniture layout iterativelyn an active manneiThis wasa good sign that
the prototyping tool ould lead to collaborative work The scale furniture
models and floor plan provided r eal i sti cd information to

could focus on exploration (trigdnderror).

4.4.2 Project reflection

Public engagement or @aveation with different stakeholdenasbecomeanemerging

trend in the design process to promote boitgnand collaborative actions. If the output



of the engagemente.g. design concept) islosely related to visual languagéhe
participantsdvisual-spatial ability or performanceis akey concernThe problem is
that we canndbesurethatall participants hazahigh visualspatial ability.Thus, three
dimensional todare more effective than twdimensionaliisual took or purdy verbal

mears for investigaing visuatspatial reasoning.

However this case indicatkthat collaborative prototyping was a feasible and
effective methodThe prototyping toasupported trial and error (exploring different
possible optionsyith a small group of people. The resuftisual meas) could be
understood and evaluated quickly by all participants simultaneolstyreslis were
more concrete and clearwithout misunderstandingompared wih averbal concept

thatcouldinduce different valugor concep for different people.
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4.5 Case VKODW 2017 Elderly Design Workshoporganised
by the Royal College of Art

Prototyping the
user

journey/scenario to
collect new
information

The KODW 2017 Elderly Design Workshayes calledDesign Safari A Practical
Wor kshop i n Design Th iandkvasorgansed mydhetBoags i gn Do
Kong Design Centréas part othe KODW even} andhostedby The Helen Hamlyn
Centre for Design (HHCDRoyal College of Arton 16 June 2017 in Hong Konthis
workshopwas designedto provide continuous education for professionaisluding
design practitioners, other professionals and civil servhatask partin theworkshop
asone of thed0 registeregharticipants. Thenain objectives of the workshopereto
explore different social needa particular tloseof the elderlyin Hong Kong through
apeoplecentred creative process. The process included observatdaheofy nursing
homes (three elderly nursing homes were visitadd intervievg with the participants
to explore new trajectories to ideate and cremtgesign proposathrough rapid

prototyping methods) ashort time

Several pactical toolsvere introduced agnovative approaches tievelop appropriate
communication, product and service dedignsocialchangesuch agpersong, postit

notes, posters (as a framework to communicate new concepts), user journeys (e.g.
experiene of a day), scenario creation based on user journeysodades ofelevant

images

4.5.11dentification of i ssues and problems related tearly phaseprototyping

In terms of information gathering and clusteringpbservation of the typical

representation or pr e sreimdderpericreerwasodsed peopl e d
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Usually the participants only wte the concepts via verbal mearn this group,

sketching was notused

Figure 4.5.1After the site visitsthe workshop facilitatorsaskedthe participants to
write down the problems and opportunities identified during the svigib-site
observation and intervieswvith the staff of the nursing homes). i$tphotoshows a

team member sharing his concepts.

Figure 4.5.2This image combinesthe work offive participantslt shows that most
conceptswritten on Postit noteswere based ortext. The pale yellow Postit notes

(bottomcentrg were nine.
During thebrainstormingprocessthe facilitatos introducedthe user journeymethod

to the participants tomagine and creatthedaily experience of a persona. As shawn

thesamplebelow, a timeline 24 hoursfrom left to right), corresponding activities (the
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Postit notesat thetop of thetimeline) and emotional states (happy wshappy) were
connected to a scenario prototype. Some images were put on the map to further enhance
the stories othe experiencs. This methodwas a good initiativebecauseall of the
participants started to integfe their experiensge.g. observations and stories collected
duringthe visis) in theframework for holistic considerationonthedaily patterrfrom

thepoint of viewof the elderly This methodvas atype ofscenario prototypein which

the participantsauld co-create an experience with both tangible and intangible design

In addition the participantgoud be moreempatletic because of the experiersaa a

day (awarenessf timeline and repetitive practiseand emotional states (awarenebs

happiness and sadness).

Clir Aaas

114 L

Figure 4.5.3User journey map tbelpthe workshop participants (designers) imagine
the emotional states of seniorliving in a nursing homeduring a day, with the

illustrated support choseby the elderly

Eight preferable concepts were selected by conseoftise menbers The main
categories of the new @ncepts include (i) new service desigri using facetime to
solve overtimea co-service model witla reward system comhimg family membes
andcaregiversbuilding emotional connections; building relationshigth the family
of the elderly, providing care/love tothe elderly, and (ii) spatial designi flexible
partitions to provide various functions; spatial dividgto increaseprivacy;andcolour

coding to differentiatethe rooms to avoid getting losfThese conceptsncludel
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conceps focused orproblem identification (e.g.@oo many roomsndgeting lostd,
conceps focusedn service solutiors (e.g.duilding new emotional connectisd and

conceps focusedon product solutions (e.g.é flexible system for room usage

Some textual conceptgere moreconcreteandeasier to visualse or prototype. For
instance, the colo coding solution tdelp the elderlydentify different rooms ould
create aconcrete experience. However, some conceptse more abstract and
difficult to visuali se. For instance, the concegitdevelopinghe relationshipbetween
the staff of the nursing home andhe families of the elderlywas a clear strategy.

However it was difficult to imagine ofind exact solutions or concrete experiesnce

actualpractice. Theravere many questicsh

Figure 4.5.4This imageshowsthe conceptagree& uponby all members.

Summary of identified problems:

1 The user journey or scenario prototyping was an effective tool for
integrating conceptsgenerated bya larger group of participants: Thefinal
outcomeof the workshp was the user journey (or scenario prototyping).

9 Scenario prototyping helped develop three types of conceptsConcepts
focusal on problem identificationconcepts focused aservice solutioa and
concepts focused @roduct solutios.

1 Concepts with concrete actiors. Some concepts (design solutiongjkere
associated with concrete experiendgectly or quickly.

1 Concept with abstract directions: Some concepts (design solutiongutd
not be directly associated with user experisnddesewere more operwith

greateruncertaintyin actions
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4.5.2 Project reflection

It is obviousthatthetime factorstrongly infuencesthe quality of a design workshop.
Most design workshgmareshort.Workshops lasting from aefv hours to onéo three
daysare mae feasible especially ifthe workshop is conducted to engage community
stakeholdersr train staff or professionals. Only academic or resed@asedactivities
such as student projects and research projety allow longterm participation. In
this oneday workshop, the facilitatsintroduced the methoder addresmg service
innovationfor theelderly, which could be considered training onthe productservice

system thinking process



4.6 CaseVIl: The Park Lab 2017

Reviewof alarge
scaleandlong-term

process workshop
for communit
stakeholders

BetweenApril andSeptember 201TheJockey Club Make a Difference (MAD) Social
Lab organse d t h e OpPopectWkith theaSbhol of Design, The Hong Kong
Polytechnic Universitylt was the firstcommunityinitiated public service innovation
lab in Hong Kongto improve public park design through community participation,
design thinking and coreation with prototyping. The project teaonsisted opark
manaers from the Leisure and Community Services Department of Hong Kong,
designers, landscape architects, NGO represergatieemmunitybased yoth
initiative organsations andvieifoo residentslt was organisedat Lai Chi Kok Park in
Meifoo, wherethegovanmentallowedfield research, analysis, community-c@ation,
engagement and prototyping experiments to explore how batporollaborative
creativity responed to the needs of local stakeholdersoffered design thinking
lectures to all participastand supported the workshop procesaslvisor taheother
four facilitators who managdour teams of lab membewsth differentgoalsgenerated
by eachteam.

Tofacilitate prototyping for public engagementtatend of the project, the participants
carried out severamportant processessite observation first-handstory collection,
idea brainstorming and clustering, public presentation prototyping and public
engagement The facilitators incorporated different tools to suppbe prototyping
processsuch ashe AEIOU framework, scenario study(Figure4.6.7) andtheVIPIS
framework, which includes the five elementsf value proposition, intervention,
programme, infrastructure and stakeholdensdified fromthe AEIOU and POEMS
frameworksby the facilitators of the programinigure4.6.9.
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From Different Disciplines 1.

Figure 4.6.1 The Park Lalwas the first project of its kind in Hong Kong orgset by
the Social Lab of Make a Differencen& GO in Hong Kong. The project lasd five

months with28 members from different disciplines.

Figure 4.6.2 The Park Lab adopted the commonly uéedsti tméthod to collecthe
conceptof the participantsand support concept clusterinbhe facilitators use this

tool tohelpthe participants categorise or organise fragmented ideas. The clustered ideas

couldinspire conceptfrom different perspectives, stakeholders, resoyetes
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Figure 4.6.3Thefirst task of the workshomvolvedstory collection. The imagebove
shows firsthand research through observation and questiboutthe phenomenon.
The facilitatos expected the participants collectinformation and identify themes
using on-site observatios, use engagement, empathydercentred perspective)

cultureandotherways of seeing the practioé peoplein the park.

Figure 4.6.4The photo showhowthe
team members clustered the stories und

certain themes.
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Figure 4.6.5This image representke idea brainstorming ressittf one of the teams.
Brainstorming andhctivity developmentvere themain objectivesof the project. The
participants were expected to select a feasible concept from the lish erend it

through scenario studjuring henext phase.

Figure 4.6.60ne of the methaxused
was a stakeholder map. Was
important todevelopthe prototyping
activitiesas the designersightneed
to know orbeawareof the
relationshipbetweerdesign (product
andor service design) and users (all
possible stakeholders).
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SUB -TITLE:HE - iR 22 Sound of the Park

Proposing...
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Figure 4.6.7 Scenario study generated by the one oftigggn teams

Figure 4.6.8Based on thAEIOU framework theVIPIS framework(value proposition,
intervention, programme, infrastructure and stakeholders) was developed by the
facilitators to help the participants integrate the concepts and preflaecarly

prototyping process.
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Figures 4.6.9 and 4.6.10 These two images show thergtot

engagemenhethodconductedn the park

4

yping processas an
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X,

Figures4.6.11and 4.6.12The firston-siteprototype evaluatiowas adoptetb observe

how real park visitors experierstéhe hypothesis (design)
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4.6.1 Identification of i ssues and problems related tearly phaseprototyping

Below are smekey asped raised by the other facilitaterand workshop memtser

during the debriefing at the end of the workshop.

dt was difficult to encouragtheflabber®to explore ideafom theperspective
of different stakeholdersDifferent methods such as AEIOU, on-site
observatios, user interview, public engagementvere used.However,the
par t i ciexperienced &erelimitedas theycould not be pushefurther
to adopt thaedea of fico-managemeidd (emphasisedy one of the workshop

facilitators andcorroboratedy theother facilitator.

Owés not easy for us to thid(rkpriedby at egi ca

one of theworkshopparticipans)

The conceptf coma n a g ereceived psitive encouragement from all facilitators.
The final outcome of the workshapes to engagethe public (e.g. user evaluation or
co-creation)with the prototype in the parRhus, the workshop facilitators focused on
empoweing the participants (and other stakeholderstomsiderall possible details of
this newconcepto developit into a prototype. Howevem light of the twocomments
above from a facilitator anda participant, it was difficult to push forward the

developmenbf theprototype

Indeedjt was difficult toguidethe participants to further visualise a holistic picture

and produce a rapid prototyp e of the conceptsthey proposed in writing or simple
sketcles Why?One of the possible answaeris that not all participanteere good at
visualisationand modding. The lack ofappropriate astand crafts training may limit
participationin the prototyping processhe scond reasormaybe the articulation of
the textual concepts not easily associated with physical expesientzangible objects.
The concept of6 cnoa n a g e wasaon¢ d the tpical concep of this workshop

designatingan abstract and congslservice design rather than a concrete object.
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Summary of reflections:

1 Most of the tools usedin the workshop were text based: Therewas a dilemma
although the development die prototype require clear visual associatisrand
know-how inmaterias processing, the facilitators were not satisfied with the design
concept.

1 Abstract conceps could not be easily imagined by inexperienced people
Accordn g t o -name géecrrent 6 case mentioned above
an abstract concept from the analysis with the workshop memberaamedto
further developthe conceptincluding detailed operati@through scenario study
and mockup making for evaluation. All membengere mature people witahigh
level of education.Therefore, thefacilitators did notexpectthat theparticipants
could not envision how talevelopa design strategy or prototypetop | e me-nt & c o
management 6 The facilitatbre wege druskated and spenbre time
coaching the team to resdithis concept. At the end of the project, the project team
gave up this direction and developed another more concrete butftesb/e
concepifrom thepoint of viewof the facilitatorg. 6 Gma n a g ewagafoteign
termfor all participantswhich could bedue toa lack of information ora holistic
impressionof the term The representation of this concepas tooabstract and
people ould not visualse or identify a relevant image physicalse it.

1 Prototyping was a learning processfor tackling abstract or unfamiliar
experiences. According toMiss K, one of theworkshop member she could not
appreciate anddoptthe complex concept (design solution) holistically until she
engaged with the prototype and other real users. It can be concludeprtitatype
is useful not onlyfor visualising or physicalsing an abstract concept for user
engagement and evaluatidmyt also for building more concrete learninfpr the

participantdo experience or envisioanew concept.

4.6.2 Project reflection

Prototyping asinapproach or techniquweas morechallenging than most designers and
design educatorsxpectedvhile plaming and ruming a design workshop for design
trained peoplendnovices This reflectionoffersa significant insightnto a dilemma.
Workshop participastmay notbeable to prototype an abstract concept aray avoid

it if they find it difficult to envision orlack self-confidence topursuethe concept.
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However no prototype or a low quality prototype may also fail to stimulate the learning
experience of the participants. Thus, it is necessary to pushetisation of
prototyping. According to the literature reviethe Gmageabilitypof a verbal concept

is highly affected by thexoncretenessof the verlal meas used bythe workshop
participants.The hgher the &concretenessof the verbal conceptthe higher the
dmageabilityp of the design concepio allow communication and articulate the

prototyping process.



4.7 Case VII:PolyU x HHCD Healthy Ageing in Hong Kong:

Hong Kong Care Homes

Review of a project

with different
professions and
visual tools

This casevas a threanonth workshop called PolyU x HHCD Healthy Ageing in Hong

Kong: Hong KongCare HomesThe Helen Hamlyn Centre for DesigiHCD) of the

Royal College of Art and the School of Desigh The Hong Kong Polytechnic

University (PolyU) were the ceorganisersThe project ained to generate exemplar

research to inform design idsfar the development afew elderly care honsén Hong

Kong. The study focuseon how elderly residents;n Hong Kong engagd and

experiencdt hei r 6dhomed and 0 cthacentetisomedcaenvi r onm
andend of lifecare | was involved as workshop participant anplartially supported

the research and design proces3$ée studyanalysed theagnitive, visual,auditory,

mobility and dexterity aspects ofder people in Honglong The projectran from

September to December 2017.

According to the HHCDmethodology and scheduldetfour stagesof the creative
method (Discover, Define, DevelamdDeliver)wereconductedor 10 weekswith the
following indicative activities. The Discover phase included i) desktop and
background researgh) review d previous healthy ageing projects; iii) identification
of newresearch aresaandiv) initial userobservations and interviewsuch aon-site
visits to elderly nursing hongeand service centse The Define phaseincludal
analysng the uses @bservations and interview resjltlevelopng and testingthe
hypothegs(initial phaseprototyping),mappingthe disability tradeoff and formulatng
design directions (scenario/service design prototypifbg Develop phase further
develged the design directions, concept models and user scenarios (scenario/service
design prototyping). The last phasas Deliver, during whichthe outputs ofthe

previous work were finalised and illustrdtédor communication (calleddesign
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communication packa). Finally, the agreed project outputsere disseminated
througha presentation and an exhibition

4.7.11dentification of issues and problems related tearly phaseprototyping

| wasinvolvedin the on-site visis (two elderly nursing homes) arabneday design
thinking workshopattended bymore than30 participants including academic staff,
graduates and undergraduates ftbmSchool of Design and other disciplinesich as
nursing and social scienc&omeimportant notes were introducatithe beginning of
the workshop As in other workshops,weryonewas assumetb becreaive andwas
expectedo create things togethdn addtion, design thinkingvasconducedhand in
hand with design doinglhe fourstage double diamond design process mddah
convergent to divergent thinking (discover, define, develop, deliway introduced.
As usual, the early prototyping activitiésok place duringthe Define and Develop
phasesln addition the facilitatorprepared images or methodsdasign toat to spark

imaginationand communicatiarsuch as scenario study

Figure 4.7.1 Scenario study generated by the one of the desigrsteam
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After theon-sitevisitsto thenursing homsand abrainstormingsession the workshop
facilitator recommendethree directions(i) the needs ofless fragileseniorsfor a
user-friendly bed designin nursing homs (ii) older pegle who can enjy social
interactions in public areasin nursing homg and(iii) more agile elderly who can
participate in the community to receive appropriathome care servise Some
concepts were generatedéspondto these three areagesignconcepts focused on the
transitional spacefor eveydayexperience (e.g. old photos or stories to stimulate the
cognitive ability ofolder peopl connection to the community(e.g. design to support
outdoor and indoorgroup activities) andcommunity network to integrate the

experience of most stakeholders

Although the three design directionsre sensible and the concepts were usdéfis,
does not mean thatdbe common concepwgere partot he wor ks heg 6s
seekinginsightful concep that ®uld bring new ways of thinking, prasing andor a
paradigm shift.This workshopfollowed a design processimilar to otherworkshos
and high fidelity prototypesvere proposedtwo- and threedimensionalexampley,
such asanewself-containeded design fonursing homs a set of dishes and utensils
as assistive eating taxfior the elderly and a system designrakelife easier for the
elderly. A final presentation andn exhibition wereorganisedto celebratehe end of
the projectDuringthe three monthsf the project, theravasno other user engagement
through prototype testg and no participatory design sectidn. other words this
project undertook a conventional product development proitesBnal prototypevas

offered at the end of the process.

Summary of identified problems:

1 User research could not guarantee appropriate or creative insights. The
workshop offered good on-site observationsand interviews with users and
stakeholders However, observng or analyshg current problems and
phenomea may notoffer creative insightgor the designexr or researcheit®
solve theseproblems.Yet the in-depth studytook a lot of time and resources
and ouldnotersure the generation of new concepts. Tthegreative thinking
tools or approachassedwereessentialThe experiencs and interpretatiosiof

the designerand researchswere alseamportant
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1 No early prototype testing limited the possible solutions or creative
concepts: Most designers and researchers recagthat prototyping is an
effective approach to stimulate and collect desmdarmation Unfortunately,
in this caseprototypingintegration was not well implemented uritie end of

the design process.

4.7.2 Project reflection

As previouslymentioned, in my experience, most design workslsgekto explore
new concepts or solutions wurrentproblems through humarentred research. Most
facilitators alwaysmphasis¢he importance of prototypingvhich isa crucial part of
awor ks hop 6sor deliverable® Based onmy observatios and reflectios,
therewere twochallengs: the on-site visit and idea brainstorming approaches only
offered minimal progress and the workshop procesgithout early prototyping
testng could not support the exploration of new assumptiors and/or the
stimulation of creativity. It would beuseful tounderstad why early prototyping
testingis neverundertaken irthe early process andhy prototypingis perceivedasa
methodfor generating creative conceptor solutionsthat can supplement irdepth

humancentreddesign research.



4.8 Case VIII: Intergenerational Game Design Workshop

with and for the Elderly

Co-creation with
stakeholders in the

initial and final
product evaluation
phases

This case descrilea four-day coecreation workshopwhich was the firststage ofa
creativeinitiative organisedy theHong Kong Christian Service Integrated Home Care
Service andhe School of Desigof The Hong Kong Polytechnic University that led to

a oneyear intergenerational board game projeith prototype developmentesting

and evaluation process@%e project airmdto mobiliseolder peopldiving in poverty,
hidden elders aridr older peopleliving alone or withtheir spouse onlyhroughhome
services with aplayful interaction strategy. The projestiughtto explorewhattypesof
board gameand howtheycould enable higher quality interactionsthelocal context
andwith respectto local seniors The games (prototypes) were assumed to enhance
services forthe elderly with no family support andno access to normal social

interactiors andthe service networlof the community.

Twelve active and youngld participantswere recruited as elderly designévsvork

with six design students and two desapademic staffugorkshopfacilitators). Iwas

one of the facilitata: Intergenerational play was introduced in the home services where

20 volunteersincluding activeseniors youh and womenwere trained to deliver the

oOpl ay 6 s er viTheprototypes (fow corhtatl ®oarnd gamesereused

to successfully engad® service recipients early 2019.This case study focesd on

the aspectsof the prototype (boad game) asaresea ch approach to pe

comments.
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4.8.1ldentification of issues and problems related tearly phaseprototyping

In this workshopfour full daysof co-creation vere organised The 18 participants
(youngold and design students) worked collaboratively to expltegame contexto
match the interestd tbcal seniorge.g. familiar game types, stories or daily scenarios)
The brainstorming exercise includehethreezonemapping of theen i opreseded
activities (asshownbelow). The youngold participants found this exercise eaayg

userrelated activities euld be recalled and describdzthsed on pagpersonaland

concrete experienseThis wasusually share with theotherparticipants

Figure 4.8.1 The threezone maphelpedthe elderly participants to brainstorm ithe

preferedactivitiesbetweerthe three zonefiome, community and travel.

In termsof prototyping approach, the workshop introdutmar types of game modes
competitive games, opportunity-driven games, role play games and body
interaction games (e.g. eyehandcoordination).The facilitatorsaskedthe participants

to quickly write or drawhe play activities coved inthesefour types of games. The
criteriafor concept exploration and developmémtiudedthe elements, role, noun,
verb and adjective of the play activities This method encouraged the participants to

explore in detail the experience of game design (as sie photobelow). These
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five critena had the same objective as the AEIOU (Activities, Environment,
Interactions, Objects and Users) or POEMS (Pe@idgects, Environmest Messages

and Services) frameworks for idea brainstormifsfier clustering thefive groups of
concepts, the participants integrated the resdted orthe four directions with four
different purposes of game desigioveing the anpowerment or enhancement of
socialisation, ey dnand coordination, cognitive stimulation (e.g. memorise concepts and
recall them) and spiritual welbeing (seeFigure 4.8.3). More importantly, in this

project, these criterafocusal on the stimulation of a single person

Figure 4.8.2 The facilitators instructed the
participants to quickly write or draw the
play activities coverdin thefour types of
games. The criterior concept exploration
and developmenhcludedthe elements,
role, noun, verb and adjective of the play
activities. This method encouraged the
participants to explore in detail the
experience of game design. As shawn
theleft, the five clusters of concepshoved
the cocreative inputs of the youngid and

the students.
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Figure 4.8.3 This image showshe ouput of one of the teas) coveing the four
directiors of game design:empoweing or enhanimg socialisation, eydand
coordination, cognitive stimulation (e.g. memorise concepts and theafl andthe

spiritual weltbeing ofolderplayers.

The main problens were clearly defined and somareaswere set before the
implementation of theo-creation and engagement activitié#iswas easier anthore
effective for the facilitators to frame the workshop activities and derilie final
prototype foranalysis for instanceheevaluation of the prototype (assumptiomhich
usually cannot be sewith aquestionnaire alon&his mayexplain why the prototype

was thefirst priority of the workshop andarly phase prototyping was carried out.

Investigaing how and what types of intergenerational ptayld reduce théoneliness
of the elderlycould help the designerand social workerintroduce innovative and

appropriate home services.
Summary of identified problems:

1 A clear framework led to earlier prototyping: As discussed earliethis

workshop with a clear service scope endldarly prototype development. In
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short, earlydesignassumptios helped thewvorkshop participantgentify the
possible directiomanddevelopthe first prototype fouser evaluation.

1 A range of prototyping activities, from a simple scenario(single person
experiencssingle product system)o a complex scenario (collective
experienceof pe@le/productservice systeminvolving various levels of
stakeholders Compaed with a similar case in this thesis (Case Vlthis
project developeda prototype for public engagement quigkwith a clear
framework, but alsowith less uncertaigt than the design project to solve
nursing home problemsn which the prototype could be a prodgetvice
system oadesign related tllGO managementn comparson, this board game
for the elderlywas simpleandmet theexperience or needs a single gerson
This experiencevas embodied in a single entity or a simple small system (such
as a game with simple rules and promobtnty afew values)A larger product
service systerrsuch as bed design for nursing hemequirel the correlation
and enhanceeantof the users (with different physical and mental statesjtand
service system or business and service model of the nursing,howaving

interactions with service providers and family members.

4.8.2 Project reflection

This projectwas a useful case to indicate why some projectaild not deliver
prototypes easily and earliéfhe rangeof prototypingadivities from a single user to
multiple stakeholderandfrom asimple toa complexscenario orsystemwas worth
noting The factors affectinghe elderly gameesignprototype coveedthreelevels of
goals i) personal goals(e.g. personal interestuser experienge i) community,
cultural or social contexts (e.g. game contextgveryday lifescenarios) and iii)
management goals (e.g. social worker agendauch as community engagement,
volunteerempowermentgovernment policy Thesethreelevds helpedthe researcher

and workshop facilitat@ranaly® and plan the prototyping activities maggiciently.
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4.9 Case IX: WeDesign i Young Designer Community
Partnership Programme 2018

Application of
quick and final

prototypes with
minimal user
participation

The projectwas aneducational programmargansed bythe Hong Kong Council of
Social Service ando-organised byhe School of Design anthe Design Institutedor
Social Innovatiorof The Hong Kong Polytechnic UniversipetweerMay andOctober
2018.1t was a largescaleengagement involvin00 studentswho participatedn the
basic training on design thinking and user researbkn 40 studentsamong thel00
candidates were nominated community designen® help explore and prototype
unique and useful furnitute meet the needs 82 grassroot families andinnovative
community services faiwo community public spaces| participatedasa workshop

tutor and offered design thinking training and toolsupport concept generation.

This case demonstratevarious uses of prototypingat different stagesThe project
explored the design of furniture used in small apartments and portable installations
providing community servicesn public space Cardboardprototypes to fully
functional prototypes were producel to informdesign improvemenyser evaluation

and communication.

4.9.1ldentification of i ssues and problems related tearly phaseprototyping

The design teams wemganisedo conduct homeisitsto selected grassrasftamilies.

The aimwasto cocreate useful furniturgvith andfor the family members. Two to
three home visits were made The family members expresd their needs and
expectatios to improve thequality of their furniture desig duringhomeinterviews. In
fact,mostreal usersvereonly involved at the beginning of the research phase and some

design teampresentedtheir new concepts witaquick mockupto the famiiesin their



homes. Thus, the participatory design approach was notimelementedn the design

process.
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The dudent designersisited the houseof a family living in a small

Figuré 21.9.1

apartment They asked the mothethat werehe most pressing issuiesterms ofliving

improvement.

Figure 4.9.2 Theworkshop facilitator readed thatthe student designemwereunable
to choosethe appropriate dimensions of furniture desidiis mayhavebeendue to
their lack of professional training and narior experience bfurniture design. In this

photo, the studenivas encouraged to make a quick mogkto provide firsthand
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experience of theroposedurniture design concep# refined mockup was brought

to the family hone for demonstration and evaluation with flaeily members.

Figure 49.3 Two dudent designerseviewed ther furniture designwith computer

visualisationand planned tareate fullsizecardboard models for evaluation.

The dudents with desigtrainingor software skills tended to usemputer drawings to
visualise the concepts without a clear mental understamdiagtualdimensions and
proportions. Thus, the facilitatoworked hard to help the students make
cardboard/cormgated board furniture moakps for a more concrete firshand
experience and morerealistic evaluation thawith a computer. The moeckips also
helpedunderstand the structwesnabing the cration of thefinal prototypes. In this
case, the mockips played an important role ansuccessfully enriched the

appropriateness of the designdthe confiderce of the design team.

Figure 49.4 The fullsize
cardboard bookshelves wel
created for evaluation by th

design team.
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Figure 4.9.5 This paper card furniture
system to scale was produced by 1
students. This prototype helped tl
designers  further  clarify  the
relationships and  properties ¢
horizontal planes and vertical plane
For instance, how the shelves showtd
arranged and how they relate to t

location or orientation of other boarc

(or other furniture components).
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Figure 4.9.6 The studentgould not produce the final fyllfunctional furniture (first
functional prototyps) themselvesThe final furniture concepts were visugdd with a
computer and were usdd communicate with professional furniture makefrhe
organgers expectedhe furniture prototypeto be durable and usalidg the grassroat

families.
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Figure 49.7 This photo
shows one of the fina
working prototypes presente
at the progra
in December 2018. The
furniture was then delivered t

the household.

Summary of identified problems:

1 Incomplete participatory design approach Inviting or incorporating real
users ito the design process or evertairthe main stageswas difficult. In
principle,combining adesign team with real users as teammatasa perfect
scenarioHowever, his casewas challengingoecause) the participantsvere
not familiar with cecreation/participatory design; ithey were not available
beaus oftheir work;andiii) the scheduleof the studentsvas also a concern
as itwas not easy tdind a common datdecausehe students ame from
different institutes and disciplines.

1 The participants (students) lacked concrete and precise experience in
furniture design and materials processing knowhow: The kck of
understanding fothe targeted design contexts hindetiee productiornof the
prototypes. In this case, quick moelps werehelpfulin advancing theesign.

1 There were obstaclesto prototyping: From the perspectivef the resource
although prototymg was essentiato the success otheinnovative concejgt it
wasstill challengng due tovariousfactors such aghe professioral levelin

the design andmanufacture of prototypes. However this was contray to the



spirit of the participatory or cecreation @sign approachWere there other

reasons?

4.9.2 Project reflection

This workshophad two objectivesto empowerunderprivilegedamilies and students
andto promoedesign thinking and quality offé of grassroots communitieSherefore,
education andhe social missiorwere the first prioritiesTherefore, it focused on a
complete design learning processich asa humancentred approachand design
iteration. This project was very pragmatiqe.g. to createfunctional and durable
furniture) and no significant innovative solutionswere explored Although the
facilitator introduced the AEIOU framework for organg and brainstorming ideas,
the students didot apply it. Themainreason is that the studenlirectly encountered
the design problems the userShomes and collected immediate feedback fromrthe
The cocreation process took place when the users interacted with the stullents.
mutual agreement wagachedquickly. The fudents also broughhbeir mockups to

t he us e todltratetbenpratotypesand enabléhem to discoverthe features
and expresstheir concernsThe prototypeshelpedcreate a dialogue betweenthe

designers, the users and the design.
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4.10 Case X:. Workshopfor Community Service Platform

Planning (Yi Pei Square Community Space)

Common practices

of social workers in
designing new
services

This casewvas a special initiativéo promote social innovation in a unique community
space in Hong Kong called Yi Pei Square in Tsuen Wan. The psiggtedin mid
2016 andbrought togetheacademic representativab€Department of Applied Social
Sciences anthe School of Design) and NGOsuychasHong Kong Women Workers
Association, Caritas Social Work Services, St. Jénsegtlement and Concerning

CSSA and Low Income Alliance).

To developthe service design of a new community platformyds essentiato map

out the missions, capabilitieand assetsf all stakeholder&ndto define a mutualy
agreed framework fothe exploration of service design prototypes. The design
workshop was organised in June 2017 damsted approximatelywo hours.The
standard6Ws method (who, what, where, which, when and why) was adopted to
organise and correlate the missions and senagtdise four main stakeholdersThis
method is effectiven mapping out the different values, missions, activities and
resources of different stakeholders. It illustratedt thienilarities and differences so that
the project manager or orga@i wuld plan ahead the prototyping strategy and make a
clearer andnoreresourceful decision thaobrresponded tdifferent needsThis was
important for the prototyping process anfbr meeting the needs oMmultiple
stakeholders, connecting common goals, appiiagiahe perspectiveof othersand

building ownership.
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Figure 4.10.1This imageshows the mapping of the four key service providerthe

future services they would like to implement in the Yi Pei Square community. The
details oftheservice plaaweredeveloped based dhe 6Ws descriptors.

4.10.1 Identification of i ssues and problems related tearly phaseprototyping

The review ofthe outputsof the social workersHigures 4.10.2and4.10.3 revealed
two main issues affecting early phase concept prototyping aesvitFirst, the
workshop participants articatiedand exploedideas through verbal means. Viveere

well educated social workersith experience in idea generatiofhe Postit method

and the 6Wsamnethodworked well. No special instructisrwere required during the
process. The descriptive outcomes particular thetitle of the new activitieswere

generally clear andignificantfor the project.
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Figure 4.10.2Focus & the main activities (WHAT) brainstormed by the NGOhe
verbal descriptionsvere clear and the concepof the activities aligad with the
missions and values of the NGOs.
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Figure 4.10.3Alt hu th poject titler clear theywere undedevelopedsuch
asthed Tool O6Li brar)y and o0Craftsmanmg$hip R&D Wor
). The social workers mentioned the basic requiremientthe size of

the space (e.g. an area fortb320 people) and generic objects to support the activity
(e.g.awriting board, tableand chais) . Nothing rel atedvast o t he
mentioned.
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Summary of identified problems:

Oveal | , the descripti ons ddhothelptheparteipantsvhi c h,
or other audiences envision the activitiesa clear and detagld manner The main

problemswere as follows

1 Lack of description of objects or servicesCleaty written concepts id not
lead tothe easy or explicitaunch ofthe prototyping process. From the data, it
was observed that thensere no concrete exampeor informationon the
contexts of the activities, fonstance, what types of t@ill be offered in the
6Tool Li braryo? dbasic seseasck orvthecreedsr of the i r e
community.Anotherqueryo what types of craftsmanship
wor k s laleopaffeatdt he pr ot ot ypi ng oidcasedde 6 Tool
not provide enough informatioon the types of objects anauwld not helpthe
workshop participants further exploserviceprototypes and spatial design.
1 Lack of details about user experience/interactions: The Postit methodalso
did not providedetaiked evidence bthe description of user experience and
interactions with the objects. Theseere crucial elements for the topic. For
instance, theervice system desigwas ignored. Howvill userssign upfor the
service, access all possible tqaach as the display method of the tools, and

askto borrow toolfromt he &é Tool Li braryo6?

4.10.2 Project reflection

The social workersvere satisfied with the resudtof the co-creaton of the Postit
mapping which reflectedmost of their thoughts (intended service design and most
relevant elementsyluring the two hoursof the workshop All of the participants
mentioned that the current outcomes &atkletail for further exploration of the
proposals. Another round of meetsingy workshog should beorganisedn thefuture.
Obviously,atwo-hour activiy wasnot enoughbut it reflecedthe fact that therevas a
potential needto develop anore effective cecreation strategyfor short workshos,

which could supportcollaborative conceptual prototyping in relativelyfast process
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The Postit and 6Ws categasation methodusedin this worksho@recommonly used.
Why do we use this method? One of the reasisnthat it isconvenientand easy to
prepare. Another adnéage isthatthe 6Ws are understood by most educated people.
Other methodssuch as the AEIOU or POEM&ameworks arepossible buttheyare
more suitablefor conductingworksho with somefoundations or basic elements
beforehand.The AEIOU frameworkprovides information oruser interactios to
explore the relationship®etweenactivities and interactionswhile the POEMS
frameworkhelps analysservice design ithe transmission af messag is essentidbr

the projectConversely the 6Wsmethodis usedto comprehensivelgxplore the types

of elements, factors afat items that contribute to the design concept. It makes sense
to first create common ground (e.g.selectresources or elements) for all participants

who can use it fothesecond design stagieghe early concept prototyping phase

In addition to construct appropriate and saturated information to support quality
prototyping activiies thed H o gquéstioncanbe incorporated into the 6Ws method.
For instance, the facilitator can introduce the quesiitow arethe user experiense

involved during interactianwith a particular desigri?

Themain constraint of this workshowas its limited time preventingthe participants
from further developingther written conceptseither through verbal or visual means.
In addition,the facilitator did not remind the participants to expand the details iof the

concepts.



411 Case Xl: Elderly Service Design Workshop for

Integrated Services Team

Review of ashort
workshopon
holistic elderly

servicesn a
conceptual
framework

The holistic brainstorming/asgebtncept mapping approach for instance the
aforementionedtools AEIOU, POEMS, VIPIS and 6Wscan help workshop
participants explore observable concepts and personal expsiieamprehensive
framework However, tlese tools cannoensureeffective explorationto address a
paticular strategy or value propositidhis alsomore difficult if the workshop duration
is very short.| planned and patrticipated in numerous workshopsexploing
innovative concepts to solve or imprabve lives of older peoplgndoor and outdoor).
One of the drawbadof implementinghestandard design thinking processngPost

it notes(to collect and map participant inputs) and holistic concept mappingisools
that workshop participants spend most ofithigme mapping outhe elements and
dealing only with the generalsituation or the generic problems at the beginning.
Strategically, | reaied that the standard tools may natllow the participants to
discuss, reflect or explore specific strategs or values regarding(i) client missions
or visions (e.g. NG@service providers), (iispecific research questions or probéem
(e.g.improvingthequality of life at homegandor (iii) aspects in a specific perspective
(e.g. addressg a theory).

Thiswas asmaltscale pilotstudy involving few senior managan anelderly day care
cente providing integrated service seniorsin a local community. This case
contributel to thereview of elderly service activities using anotheruality of life
framework that was expected toproduce a range of concepts from simple
actions/tasks/scenarid® more complex scenaris. Reviewing currentand future

activities (or service desigmg a typical exercise in most-@pveation workshog This
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type of casestudy (reviewing activities) may informthe understanding fo the

relationshipbetweeractivity creationand early prototypdevelopment

The more complexthe design scenarigthe greaterthe possibility of overlapping

more workshop objectives Here theworkshop participants generateervice design

conceptsbased on &ramework of three interconnected valuesbeing, belonging

and becoming(3Bs) The cacreation3Bs mappingevealedvhat conceptvas simple
(onecriterion,such as onl y O6rnceptwasgcdmplexgmode tharhoaeé ¢ o
criterion, such as integrating O0beingd, alBdel ongi n
determinedwhether the characterissiof the concept (1B vs2Bs or 3Bs)were

corelatalwith6 easy t o opirdd tf d tpycepd .t y pe 6

In terms ofelderly service in Hong Kong, one othe main service modd is the
integrated elderly service ceatwhich offersavariety of day care services geniors
living in the communityThe cente, similar to most communitgervice platforrg, is
attache to a communitysuch asa public housingestate and is builton the ground
floor of an apartmentcomplex It targetsolder peopldiving in the sameareaand

neighbouringcommunities.

| used the conceptuaBs mappingmodelto support the visuaation of all services
provided by thetwo workshopparticipants who were social workersat the senior
management leveadf the Lok Man Alice Kwok Integrated Service Centire an old
estate of Hon¢glongsince 197®ffered byone of the biggest NG©Hong Kong Sheng
Kung Hui Welfare Council LimitedThemanager of the centre (monitoring tlderly
communityservices in the public estatek Man Sun Chuenand theservice director
(managng theregional servicesf severaldistricts in Hong Kongincluding Kowloon
City, Ho Man TinandTo Kau Wan aHung Hun) shared with me their concerabout

improving current serviceand mentionedeveralemergingchallenges

i) Innovative services arein high demand with limited resources such as
manpower, space, expansion of types of services, defanddividual
needs and the pressure thie continted development of new knowledge,

products and servicestineelderly marketasthe scope a$ervices has been
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expanded over the yeafocial servicehavebecomeamorediverdfied but
includeprofessional knowledge.

i) Lack of spaceto supporthevarietly of servicedor the elderlyin the current
day care cemé. The useof public space is restricted aacchange opolicy
is required.

iii) Difficult y reaching older menandelderly peopleliving alone

iv) Anticipating that the young-old and new older people will need

different products and services inthe near future.

| providedtwo questiors to initiate themapping exercisel he participantsvere asked
to write and mapall current services using Postit notes inthe 3Bs diagramThe
secondjuestionwas to identify and write abotibe type of indoor servicesthat could
be extended tahe public space usingPostit of a different colour. The process was

quick and smooth as the participanexe familiar with the cocepts

(C) BECOMING

ing Community Services for Older People - The 3Bs Approach

restyle Desion Lab, School of Design, HPolyl @ 2018
n U 2

Figure 4.11.1Themap illustrates the three conceptual values that redpahequality
of life of theelderly. The three circlesrepresetd b ei ngé, Obel ongi ngd ar

which overlapped
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4.11.1 Identification of i ssues and problems related tearly phaseprototyping

The analysis of the distribution and concepts shed lightearty prototyping
development in particular improving the iterative design process The social
workers commented that this exercisas very helpful as they never mapped their
services according thequality of life oftheelderly.In addition the positioning ofhe
different sectors inspired them to reflect and explore current andservicesHow
doesmapping supportthe prototyping processkrom this case, three key aspegtse
identified.

First,the mapping tool highlighted the focus of current socialservices In this case,

the map successfullgelpedthe managerglentify andreview the overall picture of
their services in terms e quality of life of the service recipientsvith the activities
contribuing to being, belongingandor becoming. With regard to a similar
categorsation process, theAEIOU or POEMS framework is used to
comprehensivelgxplore the components or factafthe systemdeconstructing the
target system or scenarioThe conceptual diagramon the categorisation of people
values such asthe 3Bs model provided a perceptuaframework for clustering the
concepts based otme values or concerns of the researchad designerWicked
concepts/activities could be positioned and compatittdother conceptslhe clusters
could inform the strategic direction and positioning of the design Different from

the component deconstruction model (such as AEIOU), the conceptual value
differentiation model providia global review. This muld complement the missing
part vhich couldbe the most essential input) that the AEIOU or POEMS frameworks
cannot addresdn addition, a blistic exploration ould be carried out. Thusto
understand and supplement both verbal conceps (abstract concegtandtangible
concepts (concrete experiensg the process enalllea group of participantgo
mutualy agree on abstract concepts or other implicit expergefites type of exercise
explaireda significant aspect related to concept framstgonglyindudng a positive

prototyping ability .

Secondthis tool suppored collective input and analysis Similar to AEIOU or other
frameworks, it ould not only enabé groupreflection or research aaparticular study

area (such as the focas 3Bs),but couldalsoenhanceparticipation and ownership.



In fact, | realisedhat theparticipants (colleagudsom the service centreyith different
roles in the orgasation could also cacreate the mapy connecting the ideas from
bottomup and topdown Thus, this approachwas an effective methodvhen
implemented at the beginning of the prototyping processto ensureconstructive

participation in the latter stage of the design process

Third, a compaison ofthe characteristics of the threenesrevealeda distribution of
thecomplexity ofthe actions(activities). First, inthed b e i n g#ily, theaativities
such as health cheand shopping service suppotthe services were point-to-point
servicesor single user servisand interactioa The ®cond level, for instance in the
0 b el on g ionlygsuch adoirthéay paries computer learning classand phone
calls to sendthoughful messagg were the services thahvolved more interaction,
longer involvement and experience and mental exchange. The thirdwesdhe
0 becomi nwhiéhinduda drama, talent shoswandartexhibition of the elderly.
These activities usuallynvolved personal achievemenand collaboratig work and
required morgime. Theybuilt selfactualsation and contributiosito society.From the
perspectiveof the AEIOU framework, the analysis shesithatthe6 Bei ngé acti vi t
were relatively simple, explicitand concrete Theyalsoinvolved fewerstakeholders.
6Bel ongi ngo and 0 Brere ostakehajdérs enuironmdnts, e
interactions and objects leading to more complex scenarics and abstract

experiences.

Summary of identified problems:

1 The concept mapping toolfacilitated clustering: Thetool supporédanholistic
approachto research contexts aadeview d project values fronthe point of
view of project visiorrather than activigbasedexploration.

1 Perceptual mapping supported clustering activities by a group of
participants, leading to effective early prototyping This could enablea
mutual agreemenbn some abstract conceptpromoing more efficient
prototypedevelopment.

1 Service designprototypes varied from simple and conaete experiences to
complex and abstract experienca: This phenomenon is common to social

innovation projectaindusually involvesa breakthrough at the system level
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4.11.2 Project reflection

This caserevealedthree essentialthings An effective prototyping process requires
detaied and careful planning of the implementationtlod concept brainstorming tool
for a holistic perspective and framework. It is also important to noteatheffective
iteration design process requires a chrat systematic framework to supporbtotype
development particulaty during the early stage prototyping process. Successful
communication (mutual agreement and participatibejweenparticipantsis also

essential Thus,a strategic early prototyping framework is needed.
Are 6 B e iactigti@seaser to visualise or prototype becausefeiverfactors antbr

abstractfeature® Are 6 B e ¢ o mctinitigOmore compdx andor abstract that

prototyping becomesmoredifficult? It would beworthinvestigaing these observatios.
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4.12 Case Xll: Elderly Service Design Workshopfor Home

Services Team

Review of ashort
workshop addressing
specific services for

the elderly in a
conceptual
framework

This casewas an extensionof the concept mappingxercise(3Bs model) for the
formulation ofinitial conceps (early prototypestag@ usedin CaseXl, which describé
all serviesfor the elderly This workshopexaminedthe currentsituation ofhome
servicesin termsof facilitating the quality of life of local seniors(service recipients)
and thedesign offutureservice. The mapping exercise during the workslpopvided
importantinformationasit focused ona specific part of the service component of a
large NGQ which serval more fragile eldersvho hal difficulty receivng services at
the centreThe case reviead the concept mappingf targetedservicesinstead ofall

types of services

This workshopwasoffered to aeamof social workergaround 20 staff) frormanNGO
called Hong Kong Christian ServidéWun Tonglintegrated Home Care Serveteam,
Hong Kong)andproviding homebased services to locaniorssuch as food delivery,
home cleaning, body maintenance, health checkdantandor governmenbenefits
or other NGO benefitd. conducteda onehour workshopn 2018for this group of
social workersincluding thet e a whief supervisgrthe senior manageand the
deputy directoryesponsible for theehabilitation and community serviceffered to
the elderlyin the NGO.

The maindifference with the toolused inCaseXl was that the toohelpeddefine
6Bei ngo, 6Bel ongi ngrod atnhde O,@Bwidhdmeigeditiey st em
participants brainstorm and cluster current and future activiésdaor or outdoor

activities
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4.12.1ldentification i ssues and problems related tearly phaseprototyping

This workshop showcadehow the3Bs mapping tool @uld help map the complex
service scenario of an orgaaiion and offereda potentialservice design strategy or
direction to the participantsy indicating the distribution of current servicedore
importantly, itidentified the area of services that needed improvemernithe senior
manageof the NGO also mentioned that thieyindthis tool useful as itauld review
their diver® services holistically (inermsof quality of life) andprovidean overview

of services athelevel of theorgangationwith senior and junior staff. Was meaningful

to the manager as this toloklpedjunior staff and other colleagues to connect their
individual services to other services as a whdlmior staff could usethis overall
picture todeliver staneblone servicgtasks in aholistic or orgarsational manner,

instead ofanarrow view of individual problems or concerns.

This casallustratedthata concept mapping tool (constructed accordinthéiheory)
could guide the workshop partgants to formulate a clear and feasiljee-
prototyping strategy (during early phase prototypindg¢adng to a more effective and
concrete iterative prototyping processs this workshop targetl social workers
dedicaéd to home services, theyrainstorned more innovative activities and
interactions than Case XI. For instance, the conaeptcaanmunity kitchen managed
by the community membaysomprehensivelyaddressd the quality of life ofthe
elderly. At the same timethe mapimmediatelyindicatedthe position of tls new
serviceto the participant€ompaed with othercurrentservices.This was crucial for

themanagement team.
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(C) BECOMING

Figure 4.12.1Based on the magsedin CaseXl, this modifiedmap illustrates the three
conceptuaValues respatting to thequality of life of the elderlywith a labelling system
to facilitate clustering by the participants.

Figure 4.12.2After mapping all current services and proposed future service concepts,
| clarified some concepts with the social workers (participants)aaifedd aboutother
possible concepts.
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Summary of identified problems:

1 Concept mappingcontributed to effective clustering in a holistic way in a
theoretical framework: As previously mentioned, lte workshoptool was
modified tohelp the social workers map current servige®l co-creae new
services. This 3Bs map suppedthe clusteringof different concepts according
to the theory of quality of life. Thisgenerateda meaningful and feasible
prototyping strategyvhenthe designers (or participantsere able tgredict
the value of the concept in a holistic picture.

1 An effective workshop tool shouldallow the participants to be confident
Visualising complex mappingn a clear and relevant theoretical framework
definitely encourage#the participants to have the confidence to move forward
the prototyping process. For instance, this casaminedhow to improve
current elderly home services (e.g. enlagtealthcare maintenance). Thus,
the theoretical framework on quality of life (bhgi belonging and becoming)
was relevant to the assessment of the senagebto inspire future service
design development.

1 The concept mapping toolas an analytical tool/processauld enhanceearly
prototyping: Although the workshopvas rather short andould not carry
through the iterative prototyping procesgnior managemeshared positive
feedbackon the function of the tool with a relevant theoretical framework. It
enablel to review the value o& largenumberof serviceactivities (including
smallscaleor standalone servicg andnew conceptsfollowing a logic (the
three zones and overlapping areds)llowed senior staff to makea better
decisionaboutthe prototyp® sivestment asong asthey ould ersurethatthe
designwas in linewith their future developmerstrategy (in a holistic picture
of the cente, not the objective o&énindividual service sessioryr fulfilled a
missingpartof the wholeplan

1 The workshop participants with similar backgrounds and agendas needed
more effective collaboration and communication: All participants were
social workers and coordinators who wedklosely to serve the same group of
seniorswith similar needs (compadwith thoseof the integrated service ceatr
in Case Xl).l observed that they supped each other (e.g. remind other

colleagues if someoneadforgotten a concept), shadeconcepts (e.g. discuss



new concepteffectivelyas theyhadthe same background information ad
nat need to explain the contex detail) and agreemore effectively (e.g. they
sharel similar goals and agrd®n some terms or concepts withartonflicting

perspective).

4.12.2 Project reflection

This case plagdan important role in this researas itwas the only case formed by a
wholegroupof participantdrom the samerofession (with similatrainingand valug
and a team serving similar group of cliens (comparatively more focesl on the
servicesrequirementshey provided. Compaed with other workshops witla variety

of participantdrom diverse background, this casesliminatedmany factorsThus,the
workshop proceswas very smooth and the tool perfaedeffectively. All participants
learrednew conceptthroughthemappingprocess and proposed new services haal/
neverpreviouslyimaginedor explora&l. They successfly develogda promising new
service desigrat the prototyping stagbecause of its practicalitycor instancethe
participants were inspired by the mapping patterns and combinezkistmmgservices
into a new serviceo improvethe quality of life orreduce theconcernsof service
receives (e.g. being + belonging). Enefore, from this perspective, we can assume that
the participants can create new concepts if concept mapping is strategicallysedgani

to inspire newandinnovativeideas
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4.13 Conclusionof the analysis of thel2 workshop cases

Based on the reflective notem the processes ahe 12 selectedcommon cases
(participatory design workshopgth various group sizes and goalthe problems and
opportunities affeag theearly phase concept prototyping pracesre clustered and
coded Thirty -seven issuesausing negative and positive effecn early phase
concept prototypingvere identified (Table 42). The coding scheme contaith 15
concepts (Table 4.3)eading to theonclwsionthat 15 types of conceptavere related

to the effective facilitation of early phase concept prototyping in participatory design

workshors.

Table 4.2 Summary of the analysis of ti cases (in Chapter 4).

I Co-creation 1 Lack of real representatives (or real users). -Workshop
Programme 2015 1 Knowledge in different contextsas needed. specific to the
(Postit and 9 Designer dominagtd participans and
sketching as tools in Different levels of professional knowledge the context
the prototyping affecedthe level of participation of different -Constraints
process) non-professionals. induced by
1 Concept generation arglick prototyping professional
processwere short. skills.
-Constraints
induced by
unfamiliar
knowledge
-Time limitation
1] My Quality Home 1 Misalignment andnisorientation:The -Problemsof
Living 7 The Elderly participantshaddifficulty manipulating the visuatspatial
Creative Workshop furniture or producttemsaccurately. reasoning
(prototyping process 9 Visual informationfacilitatedtrial and error -Advantages of
driven by visual Importantfor conceptexploration and thevisual
tools) modification. approach

1 Visual representatiohelpedarticulaie theuser -Constraints
experience (intangible experience): Comgzhr induced by
with a normalquestionnaire with verbal clues, unfamiliar
more accurate user perceptswf their needs  knowledge
werecollected through graphical or visual
representatios) in particular the concepts
related tothe spatial relationshifppetweenuseis
and objecs, the goal beindgo create aiser
experience.

1 The participantsdid not havethe exact or
correctexperience related to the research

context.
11 Preferable Elderly 1 Prototypingusingpredefined modéing -Advantages of
Home Design materials enabbkkcreative participation. adopting
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Prototyping

Approach (3D tool)

1 Prototyping a familiar space/design enhahce
reflection.

1 The pototyping process woddasanopen
research approach

physical moded
in theresearch
anddesign
phases

\Y) Jockey Club Retreat 9 The participantsdiffered in theirvisualspatial -Advantages of
Workshop performance thevisual
1 The participants exploré the design approach
iteratively. - Advantages of
adopting
physical moded
in theresearch
anddesign
phases

\% KODW 2017 Elderly 9 User journey or scenario prototypingedfor -Advantages of
Design Workshop by  conceptintegraton by alarger group of thevisual
RCA participants approach

1 Scenario prototying helpeddevelop (i) -Aspects 6
concepts focused goroblem identification, (ii) concreteness
concepts focused oservice solutioaand (ii) -Aspects 6
concepts focused goroduct solutios. abstractness

9 Concepts with concrete actisn

9 Concepts with abstract directien

Vi ThePark Lab 2017 1 Most toolsusedin the workshopwere text -Concept

based development

9 Abstract conceptcould not be easily imagined procesddriven
by inexperienced people verbaly.

9 Prototypng was a learning procedsr tackling -Aspects 6
abstract or unfamiliar experiense abstractness

-Prototyping asa
research
approach/design
hypothesis

VI PolyU x HHCD 1 User researchauld not guaranteeappropriate  -Problems
Healthy Ageing in or creative insights affecting
Hong Kong: Hong 1 No early prototype testing limédthe possible prototyping
Kong Care Homes solutions or creative concepts -Difficulty in

implemening
quick
prototypes.

VIl Intergenerational 1 A clear framework led to earlier prototyping -Preparation for
Game Design 1 A rangeof prototyping activitiesfrom a theenhancement
Workshopwith and simple scenario (single person of early phase
for the Elderly experience/single product system)acomplex prototyping

scenario (collective experienod -Prototyping asa

peopléproductservice system involving research

various levels of stakeholders) approach/design
hypothesis

I1X WeDesign 1 Incomplete participatory design approach -The level of
Programme by 1 The pmrticipants (students) laeklconcrete and representation in
JCDSI precise experience in furniture design and the design

materials processing knehow. process

9 Therewere obstacleso prototygng. -Constraints

induced by
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unfamiliar

knowledge
X Workshop for 1 Lack of description of objects or services -Verbaly driven
Community Servie 1 Lack of detailsaboutuser conceps.
Platform Planning experiencel/interactiors. -Problems
(Yi Pei Square) affecting
prototyping
XI Elderly Service 1 The mncept mapping todhcilitated -Prototyping asa
Design Workshop for  clustering research
IntegratedServices 9 Perceptual mapping suppedclustering approach/design
Team activities by a group of participanteadngto  hypothesis
effective early prototyping -Advantages of
9 Service desigrprototypesvaried from simple thevisual
and concretexperienceso compkex and approach
abstract experience
Xl Elderly Service 1 Concept mappingontributedto effective -Advantages of

Design Workshop for
Home Service Team

clusteringin aholisticway in a theoretical
framework

1 An effective workshop tool shouldllow the
participantsto be confident.

1 The @mncept mapping toasatool for analysis

andsynthesisgnhancd early prototyping

1 The workshop participants witHifferent
background and agendaneededspecific
effective collaboration and communication

adopting theory
as the mapping
logic.
-Preparation for
theenhancement
of early phase
prototyping
-Advantages of
thevisual
approach

Table 43 Coding scheme of the characteristics and problemt®éarly phase

concept prototyping process.

1) Workshopspecific to the
participants andhe context

9 Lack of real representatives (or real users) in the prototype proce
1 Different combinations of participanfsom differentbackgroung
affectedthe resuls of the workshop.

2) Constraints induced by
professional skills

9 Designer dominad.

1 Different levels of professional knowledge affedthe level of
participation of different nomprofessionals.

1 Knowledge in different contextwasneeded.

1 The participantsdid not havethe exact or correct experience relatet
to the research context.

1 The marticipants (students) laekiconcrete and precise experience
furniture design and materials processing kroow.

1 It became an obstacleo prototypng.

9 Concept generation arglick prototyping processvereshort.

1 Misalignment andnisorientation:the participantshaddifficulty
manipulating the furniture or produtemsaccurately.

1 Mapping vsual and verbal concepfacilitatedanalytical and
synthesis activitiesin which trial and error auld be carried out for
concept exploration and modification.

3) Constraints induced by
unfamiliar knowledge

4) Time limitation

5) Problemswith visual
spatial reasoning

6) Visual approach foactive
and effective analytical and
explorabry prototyping tasks




1 Visual representatiohelpedarticulak the user experience
(intangible experience).

9 Effective mapping tools enried the participant®confidence.

1 The pmrticipantsdiffered invisualspatial performance

1 User journey or scenario prototypimgedfor conceptintegration by
alarger group of participants.

1 Scenario prototyimg helpeddevelop (i)concepts focused on
problem identification, (ii)concepts focused oservice solutios and
(iii) concepts focused goroduct solutios.

1 The oncept mapping todhcilitatedclustering.

1 The theorybased oncept mapping toded toeffective concept
identification/clustering.

1 Perceptual mappinfacilitatedclustering activities by a group of
participants leadng to effective early prototyping

7) Advantages of adopting
physical modedin the
researclanddesign phases

1 Prototypingusingpredefined modéing materials enabtecreative
participation.

1 Prototyping a familiar space/design enhathceflection.

1 The pototyping process wodd asanopen research approach.

9 The marticipants exploré the design iteratively.

8) Aspects bconcreteness

9 Concepts with concretactiors.

9) Aspects babstractness

9 Concepts with abstract directien
9 Abstract conceptcould not be easily imagined by inexperienced
people

10) Concept development
procesdriven verbally

1 Most toolsusedin the workshopvere textbased approaches.
9 Lack of description of objects or services
9 Lack of detailsaboutuser experiencinteractiors.

11) Prototyping asaresearch
approach/design hypothesis

9 Prototypgng was a learning procedsr tackling abstract or unfamiliar
experiencs.

12) Problems/difficulties in
theimplementation of

prototyping

1 User researchauld not guaranteeappropriate or creative insights.
1 No early prototype testing limétdthe possible solutions or creative
concepts

13) Preparation fothe
enhancement of early phase

prototyping

1 A clear framework led to earlier prototyping

14) Prototyping asaresearch
approach/design hypothesis

1 A rangeof prototypingactivities from a simple scenario (single
person experience/single product systemd tmmplex scenario
(collective experiencef peopléproductservice system involving
various levels of stakeholders)

1 Service desigrprototypesvaried from simple and cocrete
experienceso compkx and abstract experiense

15) Level of representation ir
thedesign process

1 Incomplete participatory design approach
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Chapter 5 Prototype-ability

This chaptereviews therangeof prototyping activities and identify prototypingsues
when transforming verbal concepinto visual concegtfrom the perspective of dual

coding theory.

5.1 Reflection on prototyping as a technique to facilitate

collaborative learning and system thinking

Reflecting on the constructionist modef dearningby-making) prototyping
(prototype making) aa product design and research apprdaas beemecognsed for

its guarantee oflevelopng innovative concepts in the individual or collaborative work
environment. A prototype is usually used as a tool to support experiments or
interventions and to evaluate the research goals. It also facilitates participatory design
and useicentred design. Hwever, prototyping involves both coded and tacit
knowledge that design educa@nd practitiones find difficult to explain,especially

for nondesigners. Thischapter summarisesand discussesthe characteristics of
prototyping including type, format andorinciple through a literature review.
Reflecting on the designérisitentions and the dual coding cognitive learning process,

| proposd a descriptive framework illustrating the dual actions experienced by

designes, which enabldo study the improvement of the prototyping process.

A prototype is asimplification of a product concept intendedto solve product
developmentproblems (Otto & Wood, 2001). It can be considered as an ideation
technique in which decisiemaking occurs when a physical object is built and
encourages the generation of new idéa& build to thinkd (Dam & Siang 2019).
Prototyping (prototype makingpas beenecognsed for its effectivenedsy both design

and nonrdesign practitionerss an essentiadtep for innovation, collaboration and
creativity in design (Hartmann et al., 2006). Described by Murray et al. (2010),
prototyping isthe design of a working model of a product or service¢o test the
reactions of potential clients and providers|t is aninformal evaluation or testing
approach to generatean incompletedea and move quickly to practicEhe @erating

principles of prototyping include dast process, lowcost production, tangible
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experience, iterative design and feedback from users and specidististheprinciple
of6f ail ear |l i er followedbyypwtotgpmg apmoadh represé@ntthe
actual context of usef prototype(Burns et al., 208; Brown& Wyatt, 2010).

Prototypinghasbemme a buzzword since the introduction of the movement of design
thinking, 3D printing and maker culture (Halverson & Sheridan, 2014) in the last
decade. More people recognise that physical mda|stransform an intangible
concept or twadimensional experiencento aphysical or three-dimensional object
which can bebetter understood byits users, such as perceiving form factors or
ergonomic responsePém & Siang 2019). In Hong Kongmany non-academic
organgations, such as the Hong Kong Design Cerangl some professional societies
promoe design thinking and offer participants a glimpséhewaysdesignershink or
work. The main arget audiencesre nondesign professionals, such bssiness
community leaders and civil servants. The design thinking process of the Stanford
d.school and the double diamond model of the British Design Coundhammain
guiding principlesused to introducerototyping,allowing many peoplé¢o understand

theimportanceof prototyping.

Hillgren et al. (2011explainedthe benefitsof incorporating prototypingsone of the
methods for establishingng-term engagement with stakeholderso develop social
innovation projects. It can be used tbelp participantsopenly discussunderstand
conflict, develop empathy, understandand respectthe similaritiesand differences
of others through the visualisation and experienceof collective creationbefore
implemening i t as gproddct, which |cdnceptually limits subsequent
interpretatios, modificatiors and negotiatios In terms ofbottomup social innovation
initiatives, the prototype als@lays a catalytic and binding role, allowing all
stakeholdersgspeciallynon-professionalsto participate and build ownership. As it
allows for collective involvement anditerative development prototyping not only
supports conventional design proasdut alsoappliesto the social economyby
forming coalitions, for example by connecting usemsdprofessionals, and resahg
conflicts,by reachingan agreemeriietweerstakeholder$o establisipersonal interests
(Murray et al, 2010). Inrecentyears, social service providers in Hong Kdrayealso
shown great interest in prototyping For example,they have contacted design

researchers and professionals to offer trainingaaiviteon the prototyping technique.
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It is worth noting that most stakeholders perceive prototypingsas afprofessional

skills.

| discussed with other stakeholders, such as design workshop facilitators and
participants, talefineprototyping and how this skill can be transferred moiecéf/ely,

in particular to address the time constrawitshortworkshopgfrom afew hours toa

few days)on design thinking. It was not as simple egected Innovation training
focusing onearly prototyjing, such as sketahg, scenario design, moakp or model
making, is well accepted as an effective strafeggevelopingquality design concepts

that fit themarket. Unfortunatelyl, withessed many cases failure and difficultiesin
advancingeffective prototyping practicewith different workshop participants, in
particular tlosewithout art or design training. To understand firisblem this chapter
clearly definesprototyping andexplains how its resultscan benefit pedagogical

development in design scheaindthe promaion of design thinkingn other disciplines.

5.1.1 Scopef prototyping methods

In design education, prototyping involves matar@ocessing techniquégom hand
tools to mass production methddeyehand coordination training (sketching and
modelling) and visuaspatial thinking(usingtwo and threedlimensional visualisation
practices). It is a timeconsuming investment. Prototyping agelatively discipline
specific knowhow and is thereforeifficult to teach orimplementin a shortterm
course. What are the factors that contribute to effetti@ehingof prototyping other
than time?To answer this question,exmust firstunderstandn detailthe prototyping

experience.
DamandSiang(2019)presente@ight common prototyping methods (or typiestheir
overview of prototyping,although theyindicatedthat there is amnfinite number of

ways to build a prototype. The common methodsethe following

1. Sketchesand diagrams (e.g. a visalisation of concepts by doodler hand

sketches)
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2. Paper interfaces (e.g. a draft ofa papetbasedmobile applicationinterface
designto helpuses give feedback on theexperience)

3. Storyboards ( e . g . a sketch of a storyline to
experience)

4. LEGO prototypes (e.g. a set of modular teypr components to facilitatguick
model making)

5. Role play (e.g. imitation of a scene or situationwhich the potential user can
gainexperience and reflection)

6. Physical models(e.g. the threedimensional moclkup of a chair design for
ergonomic evaluation)

7. Wizard of Oz prototypes (e.g. functional demonstration of a partially finished
automated machine triggered pgoplerather thara complete computer system)

8. User-driven prototypes (e.g. a prototype made by the user who can tell the

researchehis/herreal preferences or perceptions)

These methods can demonstrate tangikjpeerience, such agrgonomic or mecharad,
and intangibleexperiencs, such as aesthetic or symbotiztoughlow fidelity to high
fidelity creations, ranging frorearly phase concep functionalmanifestations. The
forms of theseeight prototyjng methods are distinct®/ but the interplay of their

functions in the design procesonfusig.

To further explain the problem,| differentiated these methods as illustrated in the
matrix below (Figure 5.1)Based orthe review of various desigror design research
projects prototypgng methodshavetwo maintypesof characteristics: the details of the
context, between low and high fidelity, and the dimensionshefperceived user
experience, for example from twbmensional visual information to animation,
including symbolic meaning and cultural practices. ®lierlappingcharacteristics of
these methodmay explain why identiying the bestprototyping method duringhe
design development process is challengiog both designers and natesigners.
Novice designexr may face uncertainty which hinders the effectiveness of product
development or design collaboratibacause oits ambiguity, and there is no absolute
prototyping method.In contrast experienced desigreechoosethe most practical

prototyping methodas appropriatd=or instance, prototyping methods may depend on

208



the accessibiljt or availabiliy of relevant materials, tools and objectsvo of the
prototypng types, dVizard of Oz prototype§ meaning stimulation througa fake
function or seup, andserdriven prototype§ which positionthe user as the
prototype maker are not included in tBi matrix as they refer to the prototyping

engagement strategy instead of the form of the work.

High fidelity
A

vi) Physical
models

w A/\ ____________________ g
: ii) Paper .

' : ] » V) Role-playin
interfaces ) i P y g ,
user scenario |

iv) Lego/ modular
prototypes

________________________

iii) Storyboards

¢ i) Sketches & '
i diagrams : :

Low fidelity | i i

Dimensions of representation
Figure 5.1 Matrix of prototyping methods illustiag the twomain typesof prototype
characteristics. Designers may quickly visualise (or explotie mental images)he
most appropriate or effage method based othe resourcesavailable during the
prototype planning process. The pathstioé red arrows illustrate the design®
intention to identify the most reasonable type of prototype across different

characteristics devels ofperformancebased oithe two dimensions. Sourc&uthor.

5.1.2 Dualcoding in the prototyping process

The agplication of the above matrikelps to support the prototyping process. For

instance, asndicated bythe red arrow, the spectrum suggestisat designes can



develop a concept from a sketch to a role play prototype at the represatitagosion
level and simultaneouslyaddressthe concreteness or richness thfe information
provided by the prototype at the level of fidelity. During this process, desigree
sense of the design concept throwgtialogue between the verbal concept and the

visual concept (a sketch or a prototype).

This sensanaking mechanism can be understood by the chdihg theory described

by Allan Paivio (1971, 1986). The theory explains the dynamic associative processes
in the two cognitive actions (a subsystem of holistic sensory cognition) that connect
verbal and visual stimuli and representations (Clark & Paivio, 198iwli include

newly experienced materials through sensory systems (e.g. visual, aualittry
kinaesthetic) and previously leamaterials stored in memory (knowledge). The theory

is often used to suppothe learning experiencef students byadopting verbal and
visual means together amtiprovesthe memory and depth of the learning contexts.
Paivio postulate that dvisual and verbal information is encoded and decoded by
separate, speciakd perceptual and cognitive channels in the lardime visual channel
simultaneouslynanipulates mental images or regrbal entitiesglsocalled imagens)
Verbal entitiessuch as spoken or written worddgocalled logogenspperatdinearly

and sequentiallyn thelanguagechannel When the same information is presented to
the brain in different forms, for instance verbally (written notes of a design concept by
the designer) and visually (sketch or modeatedby the designer), is calleddual
codingd and the combined use of visual and temaél information can increase
comprehension. This helps explain why desigaéraysusesketching or other visual
means to carry out research and brainstormingombination withverbal andbr
different visual contexissuch as historical information, symbols and abstract verbal
theories. Visual information can enhance the understanding, development andymemor

of verbal (abstract) information.

In design practice, th theory can explainvhy designes articulate verbal and visual
codes or materials to develop purposive design artefacspable of better
communicéing with the public or users. Whilemoving quickly betweendifferent
actions, designsexplore the most ssible prototyping approaches ahihk critically
about the constraints of product form developmentisTprocess cartake place

simultaneouslyi n  t h e died ongpaperratda the manual preparation of
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physical materials and tools. | argue tha¢ timmediate cognitive action dhe
prototyping process is the learning experience perceived by desigherperform
design tasks while recogiing and associatg logogens (verbal stimuli) and imagens
(visual stimuli). So why arethere many types of prototyping methods avidy are
several methodsgenerally used in a design project? During the design process,
designes articulae the possibilities ofdesign (or apmpriation) and justification (or
reflection).Connectios betweerlogogens and imagens, called referential connections,
refer toa mechanism thdwoks forreferences to link wordsith images or imagesith
words.Movementetweerdifferent pairs can beonsidered as the articulation process
in which designers adopt different prototyping methods and carry out the iterative
process. For instance, af designerwantsto explore an outdoor seating platform to
enable intergenerational interactidmstweenolder and younger generatignat least

the physical model (texamineseat height or ergonomics) and the storyboard method
(e.g. demonstrain ofthe sequences andcpiresof thetypes of user experiensthat

may occur in a specific site or situation) should be applied to support the design

hypothesis for further development.

In addition it is necessary tdurther explan the implicit relationship between this

cogntive movement (the back and forth between logogens and imagenshend

motivation of designartoshape and move forward the idea generation and prototyping
process.The following discussiondescribesthe situation through the distinction
betweens ci ence and design and the constructi
experience. If we aim to build a model to explain the cognitive experience of dssigner

in the prototyping proceswentioned aboveve ould explorethe forcesthatdrive

designes to shape visual form
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Figure 5.2 This diagram illustrates the mechanismtloé dual coding theorproposed
by Allan Paivio (modified from Paivio (1986))ndicating the coding action with two
paths (the two cognitive subsystenfsdm the detection oferbal and visual materials
to the associations and hierarchies of verbal entities and thevipalg relationship

betweemmental images and nererbal entities. Sourcéuthor.

Moreimportantly, in the prototyping process, designedormsketching, scenario or
other modelling activities. According to this dual coding mechanismdidlegue
spacefor referential connections between logogens and imageiss where the

prototype-ability occurs An articulated prototyping process should be able to enhance
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the mental activities of desigrsewho identify, associat or transform abstract
conceptsandconcrete conceptsThis prototype-ability is thefactor thataffect the
effective prototyping processloweverthe waywe carersureefficienttransformation,
from abstract concepts to concrete consejst problematic when wkmok at design
tasks (AEIOU and sketching)

5.1.3Dialogue connectsanalysis andsynthesis

In product design practice, a prototype is not only a representation of an innovative
concept but it also plays a role as a catalyst to enhance understanding and enable
communicationat the personal level and collaborative level. One of therdsd
featuresof prototyping is that it interweavesreation and reflecton (research)
iteratively. Thus, prototyping aaprototype exists in different forms and its flexibility

or diversity is the reason why those unfamiliar with prototyping cannot explicitly
describeit or understand itorrectly. Cross (2001, 2006), RittaindWebber (1973),
Simon (1969) and Alexander (19g:larifiedthe distinctiorbetweerthe characteristics

of general design activitidsy differentiatng betweersciertific/analyticalperspective

and design/synthesis perspective (Table 5.1). We can further implement these two
distinctions to discuss thdifferences in prototyping processesalyticalprototyping

and synthec prototyping.

Table 5.1 Distinction betweenthe characteristics of general design activitigs

differentiatng between sciertific/analytical perspective and design/synthesis

perspective

Analytical Constructive (Synthesis) Stated by

Characteristics | Scieriific and engineering Design and planning problems g Rittel and
problems aré t a me 0 Owi ckedo6 pr obl g Webber
problems. (1973
Scientists try tadentify the Designers try tshapethe Alexander
components oéxisting components ofiew structures (1964)
structures.
Natural sciencesxaminehow | Designexaminesow things Simon
things are. should be. (1969




The pactice of science is
repeatable

The pactice of desigiloesnot
needto be repeatable and in mog
cases imustbeunique.

Cross (2001)

Designing is attern
recognition process

Designing is gattern synthesis
process

Cross (2006)

Examples
(visual means

only)

The actionof recognsingor
understanithg the pattern or
structure of the artefact
through sketclsor other
visual means.

The actiorof studying part or
a specific component of the
whole through visuadation.

The actiorof clarifying the
relationshipbetweerthe

design features and dimensio

or confirming the
measurements.

The actionof synthesisg the
proposed pattern or hypothesis
through visuakation or

prototyping.

The actionof materialsingan
abstract concepnto aconcrete
concept bycreatingatangible
shape or form.

The actionof exploling unique
forms and facilitaing evaluation.

Analytical activity in sciencéocuses ormow things argon solving scieriific problems

(alsocal | ed

0 t a meonidentiying thee mmnponenta of existing structures

or products. Moreover, the result or practice should be repeatAblalytical

prototyping involves recognsing or understanding the pattern or structure of the

prototype through a sketch or other visual means. lides on studgg part or a

specific component of the whole through vissation. It also helps clarify the

relationshipbetweerdesign features and dimensions or confirm measurements.

Synthesis activity in desigriocuses onhow thingsshould be on solving design

problems &lsocal | ed

60 wi ¢ k e don identidying themshd@pé¢ of ahe d

components of new structure@esign practicadloesnot needto be repeatable and

usuallyworksas a unique solution. In syntiteprototyping, the approach emplees

the process of pattern synthesis or hypothdsigelopmenthrough visuakation (e.g.

association or combination of visual images)har construction gbhysical modelsit

focusesonthe materiaBation of abstract conceptsto concrete concepts.@efrom an

abstractideao fa camfortable seato a concrete image of a chair with cushibg)
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creatingtangible shapeor fornms. It also enables the exploration of unique fsiand

facilitate design evaluation.

In accordance&vith Cros®concepif designthrough prototypinga designer proposes
additions andmodificationsto the artificial world including knowledge, skills and
values using artificial synthesistechniques. Design knowledge is inher¢otthe
artefacts of the artificial world and &quiredthrough three desigrelated activities:
designing the artefacts, using the artefacts and manufacturing the artefacts. For instance,
in using the artefactsnlowledgeaboutforms and configurations &cquiredoy copying,
reusing orchangingaspects of existing artefacts. In manufacturing the artefacts,
knowledge isgained through manufacturingand reflecting on themanufacturing
process or through instructi@nPrototyping (or designing through prototgpés a
process ofknowledgeacqusition, in which designey experience both making (e.g.
shaping, pattern synthesis) and reflecting (e.g. analysis, pattern identification) while

drawing or buildng models.

Design involves substantial learning experienedsch can also be understordm
the perspective of Pafé constructionism (Ackerman@001) learning by making

(making things in learning)Mabogunje et al. (20Q8p. 3 discussed the product

development process in the framework of Seyndaper t 6 s c pwhisht r uct i

stipulates that childreactively construct and rearrange knowledge based on their own
experience in the world. Papert further boih the constructivist theory by asserting
that constructivist learning can be enhanlogdngagingn theconstruction of external

things. In addition, Papert developed higleas and those of Piaget for adults.

A

Mabogunije et al. furthgrointed outthaPaper t 6 s ¢ o Gasvayrotnakingo ni s m

formal, abstract ideas and relationships more concrete, more visual, more tangible,

more manipulative, anitherefore more readily understand@g008, p. 3)

Thus, the action of makingf designerssuch as analyticprototyping (researchriven
activity, such as analysis of product features or user evaluation) and tgynthe
prototyping (creative/desigdriven activity such as provoking new insights), is also a
learning procesd.he analytical process artiesynthesis processcuriteratively until

thefinal prototype isdevelopedWhat aspect drives the back and forth between these
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two distinct cognitive processe$his can bebetterunderstoodrom the perspective of

knowledge creation.

Urging tade sdiegpsorse itn oknowl edgei £c¢ esfstihaem, ot he
di f f ebetnweezesni gn (synthesis) andcdaesmeegedh (a
more formally and explicianikby acscarcei th201Z
sumnadi vari ous tshidbhygelicthe dmsi lgnisnavootl tveist y us
producadroematoifve work that iis specific and

act iiwivtoyt hpee ® d uacft ikomowl edgesabhat andregbseér att
t hpeer specti ve of addeesmigan arneds ejarrttbahk ti 9% hadce h sy
identi ficéatthe nsi(rRi0Ol0O&drni toi es and di fferences
research appr oaecbhas ecdald eesdisgimliroeassreadirscajbi | i ty
and ethnographyapmamaadtthet al esti glohagesrdddyad é £idg m n
reseauclth asancaubyhsdirsgener ati ve techniques. Si
t hgeoalcr efasgomet hi ng new (pr os pedtpinndg nppemns pec
mat t(eres rospecti vies peexwpH pael chisf vey enThprototyp
and intentieaofal des®mirgempencéeedseed . i mpl i ci t and

processes contribute to §hedelsdagrnesamehs eeax [renre

ot tewoe&t devenleoyp concept s.

Making is an effective learning approach in constructionism (Halverson & Sheridan,
2014). The making processd knowledge productiomf researchers bphysicaly
makingsomethingcan be understood as building blocks, fromtraes to concrete and
concrete to abstract (Ackermar2z012), betweendelving into the wicked problem
spacefull of various uncertaintieand producinga concrete experience or prototype
that demonstrates distinct yet tangible and intangible design foectieatures or

experience

From the review of different prototyping cases (as shimwthe paragraph®elow), |
identified two implicit actions in which the designers operate prototyping activities
(sketching or modelling) back and forith two distinctzonesin aniterative way. At

one end there isretrospective action namelyreproduction or crafting to duplicate
(imitate, review, measure, correlate) the same or similar archetype and imrediate

develop hypothetical artefacter analytical purpose At the otherend there is
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prospective action namelythe productionof innovative or hypothetical artefacts that
canbe evaluated in the retrospectz@neto prove the assumption or theofyom the
perspective of synthesig&nalyticalsynthdic actiors in the two zonesare strongly
connected. The representations can be3andor 4Dworks(e.g. sketching, building
physical model or animationfProspective action is a higlkvel cognitive activitythat
aligns with the concemtf constructive forethoughtproposedy SuttonandWilliams
(2010). TheyitedGregond €1987)statementhataesign generally implies the action
of intentional intelligenc@ Thus, thissensemaking intention drives the momentum
of cognitive changes from orsde ofthe retrospective and analytical actions to the
otherof the prospectiverad synthesis actia At the same time, desigrsatevelop the
concept and prototype back and foftbm the abstract world (product tbfeanalytical
process such as a verbal concept armartial feature of a prototype (part)) the
concrete world (pradct ofthesynthesis processuch as a tangible modeltbeoverall

features of a prototype (whole)). Betwo momentums are illustratéa Figure5.3.

Usually, the cognitive experiencd designershifts between analytical and synthesis
modes (as indicated Figure5.3 1 movesto the left when the designer processes the
analytical/retrospective concerns and to the rifgiit the synthesis/prospective
concerns).This can operate as a dialogue between theigder and the artefact
(intrapersonal level) or in the group discussion the collaborative working
environment (interpersonal level). It is perceived by desigagas iterative process
during the development of a prototyfrem abstract and uncertasoncepsto concrete

conceps.
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Figure 5.3 Diagram of the oscillation betweemnalytical/retrospectivactionsand
synthesis/prospective act®nt illustrates the vertical dimension of the prototyping
process (the vertical path indicating theal coding systepfrom thesensory stimulus

to the designed s r e k gna thes lrorszontal dimension with the two ends (the
horizontal path showing the intent of the designer who either operates analytical

prototyping (retrospectively) or syntieprototyping (prospectively). Sourc&uthor.

For examplea group ofdesignes (or participantsgxplore new user concepts for an

outdoor park and the concepit6 i nt er g e n er a tisigwem aslthe projgcte r act i o
theme There aredifferent possible responsesSomeone may write the word
6intergenerational interactionbo, 0pl ay 6, 0
draw a place wheran older persoandhis/hergrandhild can play chess a senior

anda child running in the park and periening the landscape togethefrom the

perspective of the workshop facilitatstheis concermedabouthow the designers select

the best or most appropriate concéipat can meetthe objectives of the project

including active ageingandthe satisfaction otthe different stakeholders (and users).

The designers will read the verbal or nmrbal stimulus andhterchangeably or

forcefully connector associatethe concepts based ornthe process obscillating

actions frombothends (analytical/retrospective and synthesis/prospechivpjactice

there are abstract and concrete verbal andveodoal conceptswhich appearwith

differentdegrees of concreteness
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5.2 Framework for the product prototyping process

Understanding the initial stage of the prototyping process is usefabnnecing the
prototyping metho@ndits potential outcomes. In the beginning, desigekouldhave
specific design criteria, either verbal &mdvisual concepts, befodartingthe early
prototyping stagexhetherthey are clear or uncertain. Designieegjinthe prototyping
procesdy having a goal, whether clear or ntitatcanbe a concept in words afod
visual form. Theyattemptto comprehensivelynap different possible factwrand
elementsfrom partialconsideratiorio holistic consideration. The mappingoissed on
two main considerations product form developmentonstraintsand prototyping
formats.Moreover conceptual clarity itself is a relative concept and one ofrthim
intentions of the designent will be further articulatediuringthematerialgsation stage.
If designers haveo concrete concept or imagenmnd, they canexplore the concepts
by dodlling or scribbling, a stage before prototyping. Thus, prototyping ootyrs
when designerareready to plan th&bricationor have already envisioned a potential

concept in the form o mental imagea sketch ora physical artefact.

To understandhe relationshipsetweenactions, conditions and consideratiotise
diagrambelow illustrates (Figure5.4) the cognitive processes the designersyhile
perceiving verbal and visual stimuli during the early prototyping stage with the dual
coding system as the first action (vertical movemeéfit)enlogogens (L) and imagens

(I) connect (or pair up), the second action (horizontal momertomirsatthelevel of

two distinct mindsets/processishe analytical/retrospective processes driven by the
six constraints of product form development (intentions or questions of the designer
regardingthe substantiation of the product prototype) and the syntipessgective
processes driven by the five principles of prototyping strategies and the eight
appropriate prototyping formats. To initiate the dual action mechanism, one of the three
common conditions of product form developmarieérvenesFinally, the prototype or

test is the deliverable amdninduceaniterative development.

Knowing the requirements and constraints (appropriates gupe formas of prototypes)
of product form developmerdamot explain the motivation of the desigaavhen
looking for possible methods. The driving forder selecing the appropriate

prototyping method also requires the availability ofrina k eres@usces andhether



it is actionable or not. Camburn et al. (2015) proposed five designted and
actionable gnciplesto helpdesignes achievethe objective oaproject. Theollowing

five principles are incorporated into the prototyping process in which desigaer
comprehend the final prototyping strategi€key refer tothe appropriateness tie
actions that designecan apply.Thisworks as a supplement to the eight prototyping

methods and six constraiconsideratios.

Hack commercial products
Usebasic crafting
Prepare fabrication blueprints

Repeaftabrication processes

a b N

Include structural voids.

| developeda framework describg the mechanisnfior explairing the considerations

of t he desi gner dng amotofymng iappnoacke and deveispeal e c t
prototype driven by the proposed dual@utsi the vertical forcdoeingthe dual coding

path andhe horizontal force the bipolar intentions of the desigrsifting backand

forth betweerthe processesf analysis and synthesi§he processes involdéterative

considerations of constraints and opportunities throutjfferentprototype methods.
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The contexts of the The dual actions prototyping process (vertical & horizontal processes/ intentions) with the

concept at early iterative identification of the knowlege contributing to the exploration of appropriate
prototyping stage prototype approaches.

1) Already having ( The dual actions prototyping process (vertical & horizontal processes) B
clear verbal concept and

clear corresponding [ ( Verbal or

physical form / category : Nonverbal

of product responses

1) Already having

clear verbal concept and :
unclear/ lack of corre- @+ % @ =
sponding physical form/ ' ! Analytical / Retrospective
category of product H H

»

Synthesis / Prospective :

1) Already having
unclear verbal concept but

clear corresponding i : Evaluation/
physical form/ category of : a3 user
product ( Verbal stimuli ) E\Ion-verbal SI/IIIIIID : engagement
- 1 2,
? ® )

To identify the To identify the five To identify the appropriate

constraints to proceed principles to meet the prototyping formats

the product form devel- prototyping’s objectives (modified from Rikke & Two

opment (Bloch. 1995; (Cambum et al., 2015): (2018)):

Crilly et al, 2009): 1.Hack commercial i) Sketches & diagrams

1) functional and aesthetic: products; ii) Paper interfaces

2) ergonomic: 2 Employ basic crafting; iii) Storyboards

3) production and cost: 3.Prepare fabrication iv) Lego/ modular prototypes

4) regulatory and legal; blueprints; v) Role-playing/ user scenario

5) designer-generated: and 4 Repeat fabrication vi) Physical models

6) marketing processes; and vii) Wizard of Oz Prototypes

5.Include structural voids. viii) User-driven prototypes

Figure 5.4 The dual action prototyping process frameworkis showshow the
constraints and opportunities of product form development and difierent
prototyping objectives and formats are connected and driven by dual actions. Source:
Author.

5.2.1Prototyping is a learning processn both retrospective and prospectiveones

From the perspective of learning by makingjdentified several characteliss of
prototyping to furthesupportthe proposed prototyping procésmmework(Figure 5.4)
through thedevelopmenof five firsthand cases. S kpert actha tnygp ionrg 66
reflected the importance of the cognitive backandforth between the
analytical/retrospectiveone and synthesis/prospectiaone during the prototyping

process.

As mentioned earlier, desigmamay conduct analytical activities to imitate, review,
measurendcorrelate concepts through prototyping (e.g. sketching deitiog) in the
retrospectivezone The first casefocusedon indigenous handicrafts and sought
prototyping and design thinkirgplutionsto support revitasation. A sketckprototype

(Figure 55) was selected for discussion. It is a common practice tdldaw sketch to
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explore new ideas. However, sketching to facilitate learning (or enhance memory) plays
a vital role in desigysuch as solving comgk design problems. This sketch helped

build a mental modeby mentallydescribing the relationshipetweenthe different
components of the wooden cart ghdfabrication method. This example shedthat
design researchercan adopt sketching as a methafdinvestigaing the form ofan
artefact (it can be dongdirectly through visual or physical examination) and reverse
engineering the fabrication process (indirect learnivigich is a dry run in thenind)

at a much lower risk dessinvestmenin resourcesTo this end, lie visualandspatial
representation skills of desigmsearchexr were required. The constraints of form
development (Bloch1995 in Crilly et al., 2009) such as functional, aesthetic and

production considerationgere reviewed.

A sketch provides visual contexts (accomiganwith verbal descriptions) to enhance
the evaluation othe product experience for the development of a protqtgpeboth
sketching and modelling can enable visual thinkiwgich allowsto remember and
manipulaé visual images. Tis explainswhy sketchig be@me a common tool used
during theearly concept development processl other phaseSketching astype of
prototypingallowsnot onlyto envision the hypothetical desigrutcanalsobeapplied

to the analysis of artefacts or scenaiiosvhich design research&can explore the

context in detail through visual means.

Visual contexts usually refer to the affective responses that the users can experience in
humanproduct interactios, in which the stimulation ot h e wenses sad be
triggered by the prototyping process or interaciaith the prototype. A recogsed
framework to elicit the experientiafffect of new designs is the three components or
levels of product experiensproposed by DesmeaindHekkert (2007). As defined by
Hekkert (2006, p. 160), product experiencéhg entire set of effects that is elicited by

the interaction between a user and a product, including the degree to which all our
senses are gratified (Levie aesthetic experiencé visual aesthetics, and tactile and
kinaesthetic), the meanings we attach to the product (Level Il: experience of meaning
T semantic interpretation, symbolic association, linguistic expressions, and figurative
expressions) anché feelings and emotions that are elicited (Level Ill: emotional
experiencé personal evaluation (appraisal) of an event or situation with beneficial or

harmful impact® In practice, designsrand researchercan use this framework to

222



explain the phenonm®n of (and guide) the iterative processden evaluatng the
three types of product experiesdaduced by the visual concept while sketching or

making the prototype.

Compaed with written concepts, sketching (or prototyping) can provide visual
information to the creater(or interpretes) who can not only associate the aesthetic
experience (e.g. the representation of product forms and categori¢sg argerience

of meaning (e.gthe semantic concept), but also the tacit or intangible product
experience that verbal t@xdannot support. For instance, the aesthetic experience (e.g.
line quality) of a sketch cahelp the creatos experience the abstract conceptsao
sketch/prototypesuch as soft/gentle or hard/robust characteristics of a d€3gptos

can also perceive additional information (such as emotional experience) while crafting
or fabricating an artefact and materiaducedby touching the material or associating
the visual quality of the sketch/prototype. Furthermore, people ndarstand the
implicit know-how while sketching or prototypinguch asreatinga physicaldesign

or simply drawing on paper. This experience involves visual and spatial relationships
thatcorrelae with various design componentghich cannot beasilycommunicated

in words.These arsomeof the reasonwhy sketching or drawing is a popular method

of collecing peoplés perceptios or expresmg their individual understanding on

certain points

However if the oral articulation of a participant or informant is an issue, for instance
interviewing people who are deficient in verbal communicationlay use a language
other than theimothertongue verbal thinking andrerbal expression (e.g. written
concepts on Post notes during design thinking workshep are less successful
comparedvitha 0 s-g e © € dQogvpreelybuilding a physical model weatea

direct copy of an existing design can atselp builders or makes learn the unique
structure and production method, which cannot be explicitly and comprehensively

described through verbal descript@ione.



Figure 55 Sketch asa visualisation tool to investigate craftsmanship techngjue
including the logicof the structural form,material selection criteria and fabrication
methodsDrawing alsdhelpsvisual communicatiobetweenresearchey designesand

produces (or craftsmen). Sourc&uthor.

Case tweshowedhow prototypingvorksas a synthesis process in a prospective manner.
In this case] producedan ergonomic chair desigmith adjustable backrest. Before
exploring a new backredtexamined several backrest designs of different ergonomic
chairs through desk research and sketching. Using a quick papeuum@€Elgure 5.6)
helped visualethe threedimensional structure and mechanical movement thatic

not be quickly evaluated arstharedwith sketching alone.
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Figure 5.6 The paper modeshowsthe relationshietween thenoving parts of the
design hypothesis. The animated structural featutbexdesignfacilitated simulation
and evaluation through sequential movement andéastipperience. SourcAuthor.

Practical work and the manipulation of tools can alshelp examinethe design
hypothesis, such as the identificationnefw design pattersi Case threavas another
exampleof the backandforth between retrospective learning and prospective learning.
The projectwas an upcyadlampshade design and production projbett a project
teamand lorganisedor a group of secondary school students. The studentd tharn
properties and opportunities of PET bottles by exploring their physical patterns and
structural performancedy cutting, bending and punching the material. They
experienced and identified the characteristidhematerialduring the making process.
After identifying apotentialmodule or unit, the student reorgsed (integrated) the
components or uniténto a bigger piece of meaningful structure or pattern that

functioredas a lampshade (Figure 5.7).
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Figure 5.7 Searching design patterns meanimful visual structureis one of the
important learning experience and creative outcome of prototyping. This image
presentshe result of a group of secondary school students after they explored the
material propertiesf PET bottlesby trial and error and explored pattern recognition

by organsing the materiain anexplorabry manner SourceAuthor.

Case four illustrat a fully functional prototype (Figure 5.8Yherevamp of an old

tram for the event callddETOUR2013 funded by CreateHK providéte opportunity

to develop a fulscale, functioning design prototype. The project created an alternative
urban experience byansforming a street tram and the project team proposed a
transparent envelope to emptsasihe open concept and allow people to visaaind
understand the internal structure of daily transportation design. We studied how the
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tram windows workd,howthe linkage systerhelpedopen and clasthe windovs and

the traditional wooden structures of the tram framework, which became the primary
concept and feature. Transforming the tram tcdpee fully transparentwas the
experimental goal of the prototype. This working prototype not only generated a new
transportation experience to real usbrg alsodemonstrated an innovative yet feasible
appoach to the management of the tram companytla@électrical and Mechanical
Services Department of Hong Kotitatsupported this new attempt aadsumed the
risks of the project. As mentioned above (Murray et al., 2010), prototypes help build
coalitionsbetweenstakeholders and this case may atgluencepolicymakingin the
future. This example sha@dhow a functional prototype can bendfam meaningful
evaluatiomatthe community level. Synthesis is essential in the prototyping prdugss

evaluation(or facilitation of analysis), such as supporting public engagement, icould

this caséoe a more important goal of the project.

Figure 5.8 A tram withatransparent envelopgbatoperatedn Hong Kong Island and
served people for more than a weskthe end of 2013. LED lighting wassedto
highlight the internal mechanism of the tram. Soufaghor.
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The final casevas a qualitative research projéatinderstand the percept®of senios

of home furniture and spatial nedagmakinga scaleddown model (Figure 5.9My

team developed the model to facilitate participatory design actwviyngag elderly
residents. The preparation of the model, including the selection, measurement and
making of the apartment and furniture, provided background information and
encouraged reflectiohy the project team. Assuming thete retrospective learning
proces was essential to the success of prospective prototyping, a nevstéywo
prototyping approach was implemented in this projeased orthe perspective that

the participants/usermger e 0 [s]offtteir)lé x per i enced ( Sander s
The teanvisited the homeof thelocal elders who were instructed to butheircurrent

home furniture layout. The team askaboutrelevant living problems (retrospective
guestions) such asdoes the bed meet your current neetisPhen prospective
guestionsvere asked (e.gHow aboutyourneeds in the futuréR The elddly desigred
andbuilt their preferedhome furniture layout anshared witlthe team the reasons for

the changegor lack thereof) tothe design. Thiexampleshowedthat a modular
prototypng tool can engage ngrofessionato expressheircreative ideas and needs

in a more accurate and accessible mannentiithra questionnairalone It alsohelped

the designer collect moreeal user needdy interactng with the informants and the
prototypes. In particular, the participantgere considered expertin their lives
(expecedto know their current home and personal negdhl). Thus,prototyping with

atwo-step approactvas more effective than one round abotyping.
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Figure 5.9 Participatory design activity conducted during a home wisé# local elder
who was as&dto design througl prototype his prefeedhome furniture layout with
the modular components and models. The researcher recorded higshitbugugh the

think aloud method. Sourcé&uthor.
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