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Abstract

Societal, scientific and technological developments are changing the field of industrial design.
The field expands towards designing for intelligent systems, products and related services. If one
truly likes to design such disruptive systems, we believe that it implies a specific view on and
attitude towards education. The Department of Industrial Design, Eindhoven University of
Technology, has been facilitating students to become professional designers in designing
interactive and intelligent products, systems and related services. In order to do so, the
department offers a self-directed, competency-centered education model, including both our
competency framework and the reflective transformative design process, in which learning and
working come together. Students learn to learn (what, how and why) and we facilitate their
learning in order for them to have the ability to deal creatively and flexibly with the large
amounts of constantly evolving information in our ‘knowledge era’ and become the designers of
the future.

! This article is based on the book “Eindhoven Designs (volume 2)” (Hummels & Vinke, 2009)
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Ins 2001, Rincihoran, Unborrsity of Technolngy
{TiVe) sacted the Department of Indosvial
Deaign (ID) based on dsrnssinng with leading
indoatry representattves, Indoding Philips,
Bricpmon and Qo The need from the indostey
bran lea] tor the focun of the department on the

dhesign of shelligesst syptems, producty and sebaed

sirvices, which sckivesses such Lesies w8 wluptive
Enchawior, contert- awsnenesy and highty dynamic

interactinn, Dnxtead of destgmiog “doeed” products

and human-peedusct interwction, our dedgn
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sindents sre edneated tn develop open sprtens
that are oot finlshed snymnree when they Lesve
the factery, but spatwe bn Interaction thongh eg.
services and] adaphation,

Since technnlngy 1 chunging s rapidby, i ds
potentially capable of transforming omr limes
and poclety o vears that we cennat bocwr of
bwfisrehond, Thersfie: we want to educt:
firmare: designery whi are shle to spply thees: aew
techmologies In wirs that woe new woed dorlog,
chebren by a design vidon of how our workd
couild b, nod validated by eolld vser cemarch,

——
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W want them to explore and dewelop highty
disropthee pendncts, whene the term "Stsropthee”
impltes the shaence of & well- artabivhed
frame of pefirencr for naers or the oarket, Thia
irwpltes thet por smdents do ot naly need

o develop the nest peneratinn of gystems,
peodncts and services with which penple con
purme thelr Hves, bot also investigsbe what kind
of life and snclety we (desipners fuers, industry,
saciety, ...} veant thear systens by mpport. This
seulres u comiral place for coesting o vhilon

oo mwialfsacietsl cransforseatinn sert tn meerf
sropringt: eaploratioene wnd validation, Mo,
& nexjulees support it explorng oppociumities
instead of solviog problensy (Hyeamels & Frens,
2008). Al in gll, it derognds o bollstle, creatiee,
Hexible wncl open stitiude, is which designere
sxplore new apporcumtties,

Duricg the discyssions with industry, &
bmcame: clear that they wete liotenemed s
biring academicathr tratned Industria] Dexdys
eagineers, wh wes abile 5o lead and weak in
nyki-dleciplinary teass, bringing the Jiffurent
peerapectives togethur, and oo beidge the worlde
of new fachnologion] and Busdnse strengtis on
this oeus e, and the socistal snd user desine,
nuptcls wnd opportindties o the other,

The appronch of hecning such an integrator
woud alan scrutiechond wribv Ioddlog wt the
societal demdopments with tespact (o Leamning:
freieist-chiny sowcledy wabce fioor el Hreciad ned
Lifs-lonng Legrning, Bowivty it the fwenty-fiegt
exetiry 1 chuencbarbrad by cagid cheges i
vatiott downning, &, poditionl, ecomosnds,
acucial, sathetiod and sibdcal, At the diie divs,
ackenon i techaology ws dewalopdng ot s
wery high pace, which is tureing thit +re it

# Tovrlechie wet Th aonorond oof batuorerladgn

h Locremelog iy Daet wid B epectnd to o

o6 prowing &t an sveds highae pace. Together
with the wdvasnces i bdiesawtion wd
exnntowidcation teduology, this ibcreness the
worbmes oof wautlly st dadorrsition eyl
tagilnation. Punciiondng sffsctively in this
ety peupuives the sbility o deal croativly
atad flvordbaby with lutge aomte of cotudatity
evmbvitg inbotrmation sl the whedlity to Jeatn
contimoasty: Life-ketyg loarodng, io tusn,
tequires tha sbility to direct wod regnlsie your
leartritiy, The twtivh of pelf-ditected of sl
teguintad learhitg refety to the degres ih which
stuadents are behavivrally, mets-cognitively and
imottvtionally sctive in their kearming,

Theze rovietal chunge are reflected in the
profoesionnl workplace. They slso deaote the
challengs that higher aducation faces in having
o prepa sodenis o beerme professional

experts in this nev workplece. They need tn
become experts who create. apply and disseminate
Imowledge, and contimamaly conetroct and
recoratnct thelr expertiss In o process of lfe-
Inng lesrning. They slan need to become experts
wha ave requined to wors In teaons, to cocpersts
with experts in varloes Sedde, and to partcipote.
Loy pomvples netwrnres of infrrreaton, resomroes
and instrocting. Mrsttng the goals of education
requires & high conslatency hetween instruction,
learning and arreassaent. $ince the goat of
edication in the nowladpe ere bave clorged,

# Tuew pergpecting for this coneletency b needed
(Birenbasn, 003; Begrrs, Docley, & Cancallar,
200),

Bamed oo thepe nhaerntions, T by chosen
compgtency-cantired luarsdng o the educational
ezsondad, Lo wich learnisg wod woeldng oome
together, Students Lewrn to biars (whot, o and
why) and we facilitate thelr learsing n order for
thaem t huee: the ahiltty to deal creativaly and
deibdy with the luepe sty of condantly
wvolving infoesation in ur Smowladpe e
Compatincy-santired Luradng offies stucence the
opptunity o give equal weight to esosdedge,
alclle o] withtidut, woud atdeatibybe them o leam
Ty cdhoding, WiRkhdn otir dapwrtnuend, & oespedescy i
dediind g wes Individunl’s ahibtty b selact, soguise,
nind v thee bonowrladge, shilly, ascd aititodes that
wre mnguived fror affctbre ehainr in o gpecific
el snckal o Jearning ooviot, Thenadtes
it rpffert & buoiatic vieer of detign, when the
etchent crmlopa the overull cowrpedaecs:  doign
Ty indegruting, it our caae, 0 compesacy Kest
eolated t0 usecs, (iaterwction) desig, chnology,
teasrrwronk wind self-direcied becndng,

Tha natare of degigh besuiifolly iatetoines

the diffsesect types of kocrledgs wrih Giieme;
St ghiills, i Hiiy cass cogrdiitvs, snotiogl,
provcepioal-netor afd socinl, ssetimes feaplict,
sottietimies excplicit (Fon Hn, Chws, Barttck,

& Enateebeng, 20100, It s about bearning and
peformdng throogh prwcticd sppliowtion, whils
Wnmkaneously wepbting thecaeticon] wille, Fos
emupls, dedey opee el scdentific neriwtione
(buad oty poutbetveatlcs) 23 well a8 Jaowledge
that 1 bardet to fumalize (e seathntics nad
cieativity). Mmeovet, Ihowledge out e obiathed
thoough the analytica] skdlls of the designes (g
whalyxing net bebmviar), 3 well s thivogh the
rymthustic skills of the dexigner (e.p. building
pryrical madels).

In wkiition o sidlls and knowiedge, campetency
development foomea oo the designecy sititods,
ruch a2 taking revponsibility and profemiambinm.
Thernore: cur students work & funicr smployees’
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in an enthestic and professional cootert.

Mnreawer, campetenoy-cantersd learndng i 8
highly person-and-contert-dependent pooces. A
different cruthert sdks fror different conspetences,
and ditferent smdess will prefer different
competencdes and devedop them diferentdy.
Therefore, por stndests takr sesponsblltiy for and
cyeate thelr own progrars. 'We have demdoped o
warlety of earning activities with an enplests on
experiential lesening and selfereflection, while
tuking intn arcowant differences between individnal
smdents Strdents con choos from thes: learning
activities such % peojects, assignments nod
aninles tho best pagtch thels learnlog poals and
seqmileed competency development for u prartiolee
SEmLRIET,

2, Contirprotanir y-sosirtaatod Jovicr tiibtigg
Cravptency-antesed educations] appeoashes 1o
Oley e roted in et socletal developrosty
and i the conptructivie learning paradigm,
Phyotal in che congtrnctivin perspections oo
Lanening by the soties of activity: Laarsing b w
activn conptrction of tesing b the Liarner,

2.1 Backgrouma to our appmach

Socletal chuagen aod developmenty hies

turtd the 219t cestury into 3 lenondladge ars’
Thase changes ot affactad the profiongd
wirkpluce, and fhize the denchy daced cn
graduates Chey naad to e ables to function s
Serurwled go-reousagers’ eather than Smosdedge-
wrppneeg’ (Duchry, Segers, & D BEdt, 2002), Thegs
chrmplopments ha alen affcted thaorle wbout
Lameming, stiuch 48 the comugtenctiviyt peapaciie
ots Decrniig, Dt coxipetanticy -camrbtnd Learidng
aprproach o tooed s the ol changes

and it the cosbructivie eamiog paredign,
Prwpatitiy gaciuntes fior thede changing role ln
ety decplilewt 4 Fhodeot-canieend appeoach.

Tty toers of acdtncationo posle this wli incpHe w
ahuift £roues tenchdog w specitic tady of mowledge
o Secilitating eindeots’ sbillity b Lentn wnd g
demtlop coitiznady: o st kvl dkills
afsdl wtiitodes tbded 1 petfintn 4 Gk o polw i 1
apecific aned ofbedy conrplen ekt

Th cortritrnciivist patadipn dacludse kadiing
thscreles thot ficns o tonieed-wnedd selatiods,

Th iindividhual o cogpaditee Gearis wbntne

the locos of kuewledge cotmttucthon (o be in

the mmitd of the individual Jeet; the social

of rtustive theoties weutme thi locos o be in
sochlly wtgunived netwotks (Bireabwmm, 2009).
Comtoon te both perspectivem, howeves, is the
Jory mwrtivm. of netivity: the understanding thxt
learning and knowledye are sn wotive construction
of meaning by the learner. Forthermore, hoth
oo oo the learning joocess 6 3 whole md oo
the imzractions within this whole (Do, of ol

J m Hu, “Competency-centered Education for Designing Interactive and Intelligent Products,”

Creation and Design, vol. 13, no. 2, pp. 4-17, 2011.

20012). Learners crnatroct mesning by nedating
mew infrmastion to what they alresdy mow In

drdng 30, they are infinenced by thetr saotivational
and affective make-13p 28 well as by their soctal-
cobtural envelronment (Thpebo, 2005). We adberr
bt Birenbaursh reconclllatery wiew that these twr
perspectives are rather twn sides of the same endn:
1t La thee drteraction hetween them thet provides o
sarting paiise for nnremdling the phenamenan of
Learoing.

A constructvist perepectine on learming bas
teaplicationa far the sole of tise shudent, for the
desigm of the corricubym and assesment, and

fioe the role of the: Sewches’ Thae cnrrlculym
shauld allor for active shadent participaton wod
comteed, offer wenple opporhuadty for interaction,
acd prorvide an wachentic combet finr soadents’
Lenroisg, Lesroing wetivities a3 well a1 apeognty
should allow o, or even necessitats, 3 boetic and
Ltegrativie approcly, Students need to develop the
whility to reflect, to self-regulate thelr kesrodng, to
ol respomgiiility, to Lesrn from experlenos and
0 neokey thernpednes, Sindf eeenbery noed o codon
w shift frcen teachuer-focued te luaeming-focued,
wind their role nends to changs fiom heing an
weitbsoeitative sotr of kenoweledge to faclliveting
stichenty’ lesrning, This nequires » shift in thedr
Pl cosscapiiong of licwladgs, intelbgenca,
teachisng wend learning (Fivenbwges, 2003},

2,11 Exgophyry learning

Stoder derlos theie ooreogsbidncieg li 4

spvcifles corbanct, Thiy condant wwedes aeoding

tor the Leaening wetivity and sole ot band. Ina
Bvi-e Pt v ciiunot oSt sudents all
prosadbier contvarts, desigen problaess wid dedgn
opportotitie, Moo, they will s
vy, iprihonogghot-of comteacts wivd chatwging rode
ity thedr peofessional peactics, This foplise that
sindents’ baradng it eoptiplacy, They ettt
hat Ty cud laworts froes paorticukae vorpedhetcon
wiad that thery s acepainn koo o, sty aewd
whiitodes in padtlcaler costexts, At the s Hices
this abwrw thelr whility to acatyms the coobe:
utid tor detetimiven if wond whint ey lacidng this
decpores o theds part, Do other weord, tads wles
detruostatesieg Ghedr porinatinl:  wiabys fetow ad.
diferent comrtrrts s to st sccoedingly. The
exsinpluy atute of leatiing i & coiopetetcy-
cxrinied cutiicnbnn sttesses the relevatce of
wutbentlc leathing activities that reflect shodetts’
Tt wirth ne & deslphet.

2.1.2 Comtext-relutec] learning

What students learn ix influened or medisted
by the toals nd slgns of their socio-culturl
eaviroarmeot, a& well 22 the sstabiished
cnomnitizs of practics which their scademic

disclpiine represeats (Birembaum, 100% Schim,

——
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1924). This lnopHes thet learning I context-
selated. Tt alsa Lesplies that kearning Inchndes
encubturatinn why and participetion tn thess
cremraunites of priciee and sdoption of the
peinciples wnel standands shered by mesbers

oof these commmnities. TF v wamt to fcllivee
smudents learning we shenld creste opportondtics
fior them o lesrn in an emthentis contert. That i
whty v hawe deslgned dlfferert types of Learning
activitics, varping in the degres of nthentichy
Proficts, for exarwple, seflect poodesslo] practice
qithe stronghy In their project, students howe the
Cpparhindty t experlence wnd perirm warons
ntivitien and rodes, o0 deal with g real clent and
o he coached by professional design practithoner s
Cabrtr 5% of the teichers),

2,19 Patlactivg leqrning

o vieyr of reflection: Lanendng baitlds qn che
‘experisntisl legraiag copcly’ (Kolb, 1984), the:
‘peflactive practitiener(Schida, 193], wead
‘rpflpcticon iss Learning® (Mnon, 15993, In our
curricntm, gudest do various corticylar
Lunradng acchyitien, Thess nctivitios becos
Liarusing experlences by the mesning stdsnts give
o them, By conetrocting this mesning, students
baild new lercrwlnd e, nnd relute thiy o existing
beruporbecige, Ratloctioon by o snental teocmes that
Bacilitatny thiy creatinm of meandng md bonomeldge.
K wtuchersts atticalwte thede refloctiong, for exmpls
by Hacuptieg thede idun oo vhews with offuos o
Loy werttlog tharm chowrn, thuse cedlactioes bacniru
a reprepentation of their haening, which cas be
st with others and oo enanlt 0 & sune o
trunefened Lerning wpeciencs, As such, tham
Illactiond v ai lisbegral prut of lesenilsg ielf
(Moon, 19699).

2.2 Cotupetwiicy v commpednilcy s

Thw tucrtionit f comperiency 1 callovd as “an
inchvidals sbility to acquine, select wd wee the
batuomrbectpn, abclile ool attituce tht wee reguoiied
Tt wffuective Deboorior i 4 spacific profdonal,
il of Desrrdeg comrbeot”” Feotn, thiy dedlnitics
e gnoiler iof ctwrwsl e g oottt Wit
aexputtieg borormrlvd s 1o i Lot iy el Tt

& oo to clermlion 3 pentislar conpwrianoy
Do b Pt R & pprecific fak o role. Pot
diffetesaily, moaquiting  xpacific, wall-Gefbosd
body of knowledype 1s 10 Lyt at the cote of

2 catmpetetycy-cetieted aducativial ok,
Inetemed, windenty lesxtn how to cauttuct meaning
by petftmitg aathentl: lnarting activities, This
constroction of meaning includes the acquisition
of conteet relnted knvwiedge, dkills and ztiitudes,
2 el 2 knowladge wbont learning: knowing
wihtys bow, when and what to Jern,

Bared on the departments foros amd Learning
sirach, we kve developed the IT Competonce

Framvewirk. Being o student and dewsloping
thromgh 3 competenoy-cantersd lesrming
appiosch, puts an enphodls on scttvities snd
peocesses. 5o hecoming s desigres I3 not menehy
hamt belng ahle to dever qualitative earellent
Lotelligent systems, prodncts and related services,
1t La alsn aboart the process and cotapetence of
wcrveswnlishing this excellent design, snd the
process of hecoraing o oomwpetent destgner
Therefrer, the T} Competence Fracoewned tries
o capimre the overall cnnpetence of designing,
which condst of hath the process of designing
il hecnming o deslgnes, and che resyting desigs,
Thu: overall competence of designing ix shaped by
the Iotegration of:

L The stuclent's developoont of the Hifferent
cnmpetency aneas, both with respect to ‘welght’
(heeadth and depths per conapedency wrea) and
‘peodile’ (the contrur of ofl competency anes
withs respect to depth) wa waell 29 the stadent’s
ingight in their soempetency demdopment, Sa

the develorpenet of oampebency e refere to
prooens {of deslgring snd of ecoming a designes)
wo warll v 00 caendent (the elementy of 2 design),

2, The wctant to wihaich th: student de io contol of
the activities hefshe parfiresy within the (desgn)
process of 3 specific lanesdng acthvity w2 well ns the
process ‘profile’ of o student; the path and stepe
th attachent pewdiiey to tukos s the (desigss) procss,
a3 which gtapes nnd o whidch condes,

5. The quality of the stodent’s overall dasign o¢
the whals of /b delbrerablee, includieg the
et o which the stadents deliverables sheo tha
stuchent's crws. ‘tigrrature’

4, The students ovetall withude inctuding the
prrodealonal s pettianal sttitiice,

The ID Crefripertice Pewtowrord (Figiion 1)
ltwdodes i apeciflc cotmnbedcy ntens Tt e
itrmobved dusing dergnivgg, rebubed to the cottest
ool Has ayetedn, prddhact of aatvice b b desdgred,
wind ot b thee wpprroach nweded St th sct of
degipenciy of becxrrring & detignet. Thate tai
CXDIpe R D WL

+ Self-Thirwchad aond Comtituins Larnin g Take
teapoaiaibality foar atec] priver ditection to your twn
poteotl developtsit, b 1o 4 totitoom
o of pf-teflection atd oot of cotlndty for

Bring hle tv create st spply desctiptive wod
mathematicl models by urity Fxoinel 20d
oethwinatical ools, in onder to justify design
declaivns and support the deslgn of complex,
highly épmenc and imtoligest syviemna,

« Integrating Technology: Boing competent
in integrsting techoology means being sbls
to explome, visualize, crexte and demonstrate

edl-10es 1¢53:2% ’7
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fmurvative conoepts amd experiences urng
techoology, as well s anatyring the technical amd
econvmis featbility of compler deslgns o which
technology i integrated Moreoves, one needs

0 undersiznd sclenitfic writlngs and be ahle to
commmundcate with sngineers and regearchers of
another dizcipline.

+ Idess and Concepts: Develop vizlons, innovtive
idess and concepls through crestivity techmiques.
experimentstions and the tranalstion of research.
+ Forrn and Sengex Experience and develop
through doing and sbstraction, sesthetical
(physical) languages fhut comect thonght md
inderactive fomm, n ander 0 communicute sprcific
Fropexties of the dexign concept.

+ Uker Focns wnd Penspective: Undersiamid luooman
chaructzristics, goak nnd needs, the context of
e, and creals empatiny with users throoghout the
degign process. Deglin naer-syeem Interaction foc
mEeT experiences.

+ Socisl Colizml Awsrenesc ‘The focus of cor
educxtion st ID & on designing Iotelligest
Eystems, products and related services for soclal
and soclets] tansformution. Therefore, you nesd
1o lemrm to debve the degign process from an
swereness and undercianding of devel opaments In
society, eovision yur designs in soclety, place the
development of cystems in a broader perspective,
and take poctilon in end evalnate the impact and
medisting rol= of & syetem, prodoct or ervice oo
society.

+ Dieslgning Business Processer Bringing

new prodncts to users In & giobal mardet of &
dynemic nternational indnsiris] contest requires
knowledge of indnsirial busdness procemes.

+ Diexlgny end Begearch Processex Master the
degign process mmd the regearch process, and
acdjnst these processes o the demands of the tasle
ot band.

« "Tearowork mnd Communication: Work mgether
wwirds 8 comeyon goal ueing ol strengths
within a tears and comommmdcate ophmons, 1dess,
information snd resals desrdy sand comvincingly:
Abthough all competencles have promg
reletionshvipe and together are neceszary for the
overill competence of deglgning, come of thess
competencies can be geen a5 mete-competencies.
‘Thege pompetences are necessary for all other
competencies tn develop. Bepectally Self-Directed
and Contiomoms Learning is am Lonpaortwt
meta~onmpetency. bt alss Tearwork snd
Comarsurdeetinn ax well ss Deaign snd Fesearch
Processes bave & mets-character. Mindeling tn
genersl oom be coraddered & meta-coompetency bat
in thix framewnrk we focne on o speciiic kind of
modaing,

Figmre 1 shows an example of the growth of

. Hu, “Competency-centered Education for Designing Interactive and Intelligent Products,”
.4-17,2011.

2 dudents competences over prans, 1 well
an iotegraird view mm the growth in spplying
reflective tanaformative deslgn proceas. The
reflective transfrmative deslgn proceas will be
described Jatzr In this artide.

23 Padiitsting competency-centered barming
This cumpetency-oentered learning environment
Jor our sindents incdndes various mechamisms
that fecilitzte, upport md enhance sudents’
lesrning and competency developroent at the
Level of & currcnler learning activity s well as the
eemesier & o whole: personal development plan,
curricnlar lemming activities, shawosse, reflection,
Fedback snd scrsszments. Figure 2 gives s
echemutic overview of the rdationships between
the components of the leaming enviroorent.
23.1 Persooal Dievelopment Plan

B i the cindents” respomaibility o determine what
kind of indusirial degignes they want to become,
taking intn vooommt the depariment’s foous oo
desigming inteligent sysizms, products and
eervices. They capimme this by setting long-term
poil for their overall competznce of degigning

in their Personal Development Flan (FOF). They
manage their growth os a designer by detzrmining
what competency development this requoires and
what kearning activities they need to select for e
perilouler cemester in order to achieve thic 'They
indnde this in thelr PDP by eeiting ehort-term
gols for that semester. Typlol moments to reflect
on their progress, and to review md adjust thedr
FDP are halfway through and tovands the end

of the semester. Al the axzezoment sindeotx’ Lomg
and shart-term goals serve a8 o podnt of reference
to extablizh thelr development of the overall
competence of declgning and thelr prowth sz a
deglgmer

232 Cooricular larming actfvities

During the semester, shadents aze cogaged

in various coxricular learning activities, cach
with thetr ovwn gpecific focns, scope and dse,
elther represering indihvidna] or team sk
Charactecicric of all lesrning sctivities, howerer,
1x that cndents go trongh an leratve learning
Loap: & Loop of competency development in o
gpecific comtext In other vwords, learming sctivites
create opportuntties for smdents to develop

thedr conrpetendies by acquiring coctext-specific
imowiledge, dills snd attitudes.

Projects, for exarmnple, penvide sodents with quite
ap aothentc learming contert. Stndents perform
design activities md roles that are derived from
ox ginaller to tasics and roles iy the profearionsl
practice of designing, Perfnrnalog these tuks

and rales Is nnt an end in s B s iotended

o pensrate & meantnyfl Learning experience:
Learning o determin: what to perfvrn, how 1

——
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wohdewr this perfrmance and wioy o achleve
thds. The how' refema o compeincies to be
developed and the ‘why' to the nitimate goal of 2l
the generated learning experiences: coniributing
to aml ahaping sindens’ overall competence of
deslgzing, their vision on designing, their growth
25 & designer, and their whility to learn Sloce
dindents’ schievernents within Jearning activities
are ot an end in thenmelves, they are not assessed
separately. Ingtzad, students recrive writien
feedback at the concmion of a lesrming activity.
2.3.3 Showcass

Sindents wlso go through firrsitve lesmiog loops st
the level of w semesier s o whole: thelr grovwih as
designer. ‘The ahowoase plays 2 conclal part Lo thin
Lewrnicy logp: it is the sindents’ tool o monttor
and commromicats thetr development of the
overall competence of dexigning and thelr viglon
on degigning. The ghowcase 15 & comomnication
tool 7 & sindeafk averall development 1s & plvoial
clemnent of the nmemment.

The showesse & & vimal, Interaciive and
Iotegrattve representation of sndenis’ overall
developonent. In orider to creste their shinvease
sindents review what they have achleved in

their lemming activities of a particular semestes,
framed In the shart-term goals they set in thelr
FDE 'They examing their deliverables, feedbacks
and reflectinns and determvine how these

heve comtribauted to and sheped their orerall
oompetence of degigning and vidon on designing.
They evalnste thix overall development, with

the long-term goals Lo thelr PDF & a point of
reference. This evalnation results In o coherent
and overall picture of what they achdered In the
Eeroepter ax & whole Stadents Iink thic top-leye
of the showonse to the evidence layer by Indnding
Letegraitve reflectione. The evidence Jeyer contxine
& caredl pelection of thedr deltverables, feedbacks
and reflectinne, wiich corrnborstes thedr overall
developoment and growth.

In order to demnonetrate thelr growth ssa
deslpner aornes semesters, sndents Incnds o e
dimengion in the top-hayer of thelr showcase. The
rrerall develaponent cindents hawe achleved tne

particolar eemester {present) L fitted In with their
prowihs as a deslgner up to thet paiot {pest, which
refers to previous pervestenn) and thelr view of
the dealgner they wamt to become (fmnre, which
enihndies the long-term goaks in their FOF). The
past I tremafrmaed, the present hecomes the pat,
and the fiture becomes the present.

234 Reflection

In the comme of currienlar leoming sctivites,
stndents reflect. ot varions mamerts, ‘The comman
elemnent in thess reflective monsents Ls that they
help smdents tnderstand and enbance thelr

lramning By reflecting they give meaning o what
they are dolog o put differently. they articulate
what an activity or experence mesns for their
wo leaming ar development When perfrming
& degign acttvity, they capture valnahle learning
moments by reflection in action. Duriog the
(dexign) procems they reflect m actiom by
reviewing what they have achieved so far, or by
conmecting newly scquired knowledge to podox
Imowledge. They reflect for action by identifying
what knowledge or skills they still need to acquire
toaccomphsh high- quality delverables. or io
pexiarn & specific tack or rale effectively: ox

by determiniog what dezigm activity they need
to perfvrm & & next slep. Stodeotx ore ndvised
to write these reflections on & regular basls,

for exanple in & lesrning foornel’ (Fimmmeds

# Prees, 2003; Moon, 1999); wnd te inclode
corredpording visnalizstirns of thelr delivershles
mnd process. At the condnsion of 8 curdcnlar
learning activity they reflect on and for scton 1
well. They look badk to establish what they hare
achieved In the learning nctivity ss  whole snd
harwr this hux contribated i developing partlonlsr
competencies. 'They Lok forward by determining
howr they con put this to vee or expand thedr
development o futnre Lesming nctivitles, either
within the same or In the next semerizr

In the prooeas of creating » showrnse it i gleo
sudents’ reflections that help them onderstand
md deepen thelr learning, this thme ot the level
of their overall competence of deslgning, vislon
on delgrning emd growth e & dedgner Students
mastly reflect on action by exsmining wht

ey have achleved in the cemester 23 o whole

s o this had comtributed to their oveml]
development and growih. They reflect for sction
by determining what to achieve n the nert
semegter, given the Inng-term arsbitions for thelr
Fowth 55 a designer. Pt cresting & showcase may
alsn offer moments of reflection In acton. When
Teviewing the semester ax & whole, stndents may
huewe valuhle or sorprising lesrming moments,
for exxanple mnderstanding wiet & particuler
competency ered 1 shout, or seeing & dlscrepancy
betwmeen thetr conapetency profile snd theér
ervisloned comapetence of derigning.

"The explanetion ahove shews that, depending on
the contert snd ecope of sndents’ learndng smd
activity, thedr (written) reflections vary in the
Lewel of ebatraction, detadling snd specificity. Their
reflections on action within & learning activity,
for exmomple, are af the Low end of ahetraction

s ot the high end of detadling, The tmtegrative
reflections in the op-loyes of thelr showesse, oo
the other hand, are at the high end of sbatrection
and ot the lowr end of detalling.
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Lewrning, which incindes acquiring snd spplying
kmraiedge B an Individoa) process on the
sndent’s part: i i &n active corabtnctoen of
mesning by the learmner Peedback s o wery
powerfil way of mpportiog and enbancing
smdents’ learning. B peovides sindents with
quualitactee infnematinn on how they lears
{procesz) and on whet they lears (peailts), The
scope: of thie fredback 13 o cosrlember learsing
activity, the exception belng comipetency coach
Eeedback: this addreses students’ Learodng wad
competency developooent process of the mmester
# & whole, Feedbuc peorides students with on
Ywpernal perspective, which i complecaeotery in
the Interml perspecthee of theisr own mllection,
During the process of 4 lesrning activity, seff
mgnnhers phee weebal Seedbmck on % ol barde
and ic g chakoguae, This Seedback helps stidents
understend their process and cotapatency
demlopment, Stmdents con ape thiy Seadback

0 abipecy thelr besraing withis the Lesrnlng
activity nid achiewe high-guatity ddiversbies,
"The writoen Seecback which smdents recetw from
stadf mugechvere ot the concliplos of # learoaing
activity budpa them to estatbidish whet they huwe
achidirni] in fhes Menerdng activity 29 0 whole and
oy thilg coustribaies b thadt ool cosrpeditu:
of designing, Thdy writhen Saacdbuck wloo serve ot
avidenca for the stodents’ dhowonss and, s such,
e ingrt for Hhe sesegpoe,

235 Apterrtnay

The ficiis oo the wesdment i stodents’

ol oot of G cmaal conapedadce: of
chasgning, thelt vislon on designing and thedr
gerorerth Ay w Gerdgouer. Thee vasdonis eleeds of
e scsesatiiet o Che eind -of-term exhibdtion

ut which stadeits durw thedr project; stodents”
shormcaie and 3 poseditgr bebwesn fhs smesot atwl
studwnt, The foeiend fussction of the suesttost is
o decide whether o fot the siodent & promoted
0 thee et bllocks, nid tecedves 30 credite o ot In
ot chie this is datetsndined by the deelopracctal
e & windhen brio wehieewd, related to the tlock
TS ichuw Bona Dowent edig, Asseaprvindrty wloo huom a
FeancTbuc fiasvethontr: the St v qoudibtee

prowth by evolved dtice the frevlom et
Az such, thix ghes the sindett feadback on s/
bet widlity to self sseees. Luat but oot lesst, the
wrvepunent fulfills » faed-forwand Function: it ghres
students pointers to foe-tune or sdivet thedr oog-
e goals for thedr prowith 20 & dexigner and o
set competency development goale in their FDP
for the ext semwster,
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3. Dumiign process for comugpatency-co beswd
[

Belng a smdent and developing theengh &
cmpetency-comtered learsing soprosch, o an
enaphasls an pencesses. Sa hecoradng a deslgner 19
tmextricehiy bonnid mp with deltvering qualeutive
excellent intelligent systerns, products wod
veloted services, the peoceas and comipetence

of seconeplishing this ewcellent desigm Lo the
peocens of designing, and the process of becrming
i cotapetent designer. Thse T adpects ane
eaperlafty addnessed o the metu-crmpetency
arean Relf Directed and Continynm Learning'
aed “Diepign and Besensch Processes’

Becaue W crenutdder thes: proceess extiemely
Lenportnt, we borne developed » specific process
thot 19 bamed o the department’s educstional
founduticony wid e sutted for duslpadng dipruptine
sy, tenducts and servicer, the neflectire,
transfiorsmgthre proces (BT process), Ty peocess
can be e for both edtngs: the act of designing
wd yeedl 33 the cntri of hagcewing 3 designes,
Minpomes, dise to iy deaportance, wi home
decided vo emphasize thest processe deliberatuly
it the T coenputenc: frnenewer in addition to
the compatancy anesy, Thie way we con siree

the lenportancs of specitic spacts of the procees,
Mt the Duda-condwncisg alao sddrese
oiber nepecty that ave not inclyded in the BT
peocaes, The bawening activity parypective Socuse
predominpetty pn the peocess of designing,
Thuedvare: we: will proricle an in-depih exphymstion
of th redleciive, transfrmutive design proces
{(Elsmmeds dc Frens, 2000, Bafoms dodng so, wa
will fiest refloct oo the necessity to develop such n
[y

%1 Deeuditt, P

Borths i Bbworactoiin st growction, e ety flnd
vty deailpen, prociaes, il scopbnehdeg diffacet
wipecty of th decdips petcuciany, Dot for s,
Caeefvictey b Riitoential pacadippen of deadgn
methodalogy (Daorst, 1997, cutsely obe in
wich cleadggh s st we & Fatiomml probles-
solvityg pross (Rocwniny & Edeb, 1995
Sinors, 19697 aotwd ot b wiiich cheagon 1s s we
wt wctivity Stovalving edlectbee practios [Scubn,
1933).

The tutivanl problem-solring process, which was
inbroduoced by (Sinat, 1969), can be desctibed 33
‘... the pearch for v schatlon Gongh the vast mae
of posstdiities (within the problemn spacs) ...
Socceestul problem solving involves searching the
trrairn sedectively and reducing it to manngesble
sodutioar! (Koo ot al, 200%). In order to find
thess polutions, the designer poes thrnagh basic
design cyolos which usn S deslgn actbvitier:
agzlyss, syothestse, simmlate, emlcate.

——
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In 1983 Schin imtroduced the refectine
practitioner tn strees the dmportance of the
training of practitioners In the profession and

ta linke the: design process and task In o conerete
design stmation (Schan, 1985). The lmplich
knowing-in-sctinn {4 lnapertant, bt this herd-
oS riate krcarledpe La diffienlr to teach,
Tsesefore, he introdnces reflectinn-Infon-action,
in order to truln and goide the ‘Imowing-in-actinn’
babdts In this peoceas the designer poes thromgh
four steper raming (tie relevant factors in the
sttmatlon] - framiveg {the peoblem) - moving
Cronearde » sclitinn) 3 eoalusting (the ronves],
i rational problem-podving process and it
ceriwatives 3o ] frequently net only in the
inchagtrinl (prochact) desgn wordd, bt almo in

the bupess-comprrter interaction ek wnd the
uptr-canteid] engineering and depign fleld,

stach au the moded of b centened design
nckivithey ae specified In IS0 sandard 13407
(Minrioopoulng, Read, S biscFuriane, 3008), This
el bos comparable phoses, altbougds they

wew clostensd differentty and they port s Large
atssphasls om pesticipation of s underdnsd
i ipecty cirntet of e S gpecify the ter a0
orgasiwticessl Faquinemends - produce design
soburtions - dvabusts deslgn ngingt teguissrasety,
Fullmunn detingyriches thees spprrcher 3
creprvive, o It i 4 pragmtic
wpprocach (Putinean, 3003). The conervative
apprceachs b e philosopshicnl tras in eatioolises
and hag similneitles with Stmosfs process, Design
iy ey 4. 3 peiniific or segineering andesvor, The
clasipn procket b vineosd o advanion gradusdly
dhororogts & s ben of stroctored steps from the
shettact (racuisnetrts) (o the conorst (resililog
casign) (Lowgzen, 1995). The romantic spproach
e pratni e o Ghe pole of the dedgise wha
i eeats 41 a Loaginative mastecraing, o trestiv
iptch, win sttt asqoipped with altaoet tagloal
ahdliting of comtion, The pioc e tee o o Slwck
baxc], tracnt th desidptat Lttt ot whids
txy vapldes o thos finel deelgn cuese absout, The
process ihndf i goided by fs deadgpie’s valose
arw) tarle with vespect bo cpeality 2o nssthetics
(Stokertan, 1994). The prageontic sppronch ghees
o otcay (e th prodition of the dedign prolsct.
Thwteoed of teding relwied to achetscn of nit, thiv
sprach pees derigh 32 a fottn of hetnetwatic
process of lztetjrtetatioh wixl creating meanthg, It
15 cloely telated to Schi xtud weey doslpiring x:

a reflactive commorstion with the mwiecials of the
design process.

Thers are many more design processes, coming
from = tnminess perapective, for esmmple, or fom
informatics and mathemutics. For esample, the
new prodhuct development (NFD) process that

focuses on the complete proces of bringing o
new product or cervice tn market. This process
focuses predominetty oo the differect ages
o ldes generation snd coresning, to concept
developraent and tegting, oo boslness mmalyals

and tegting (betn and maricet) down to techndcal
Leplememtetion and cormencialirstion. The
deglgn of imteIHpent cyriems, prodncts snd
pervices b ptrong implications for thix process.
Hecunse we are abming st dioropitve designe, there
Ln nuey well- established framne of reference for vsera
o the market 5o, e Iportant consequence of
the develnpraent of stroogly Innovetiee prodncts
Ln & growing market nncertatnty regerding i
‘how’, und ‘when' naers can and will adopt mch
peodncts. Often, it § not even clear to what extent
these prodncts are tmdertond and Interacterd with
Loy the imtended mumner The perceptinn of the
wser i the designer oy be comaplately differamt
The techmiral medistion of & device or syrtem
and the transformation of o persn’s behavlor and
experience it & ooatert-and person-dependet
process, which requices o specific role for neers In
the deslgn pencess (Kocs, et al, 2009).

What all thess processes reveal |y that they are s
represcntetion of reality, and they ansplify o1 well
s redunce certaln aspects of the proces, either the
focus an reflection, of the naer, or the hodness
aspects, and 80 on. The educstional fvomdution

of I Texplres, $n por opledon & peocess that

can be naed for the deslgn peocess of disropdive
syatems 22 well as for the process af becaming

& desigmer With cor reflective transformative
peocess we do nnt stm et negating the exietence
and vahne of ather nsed design and developoental
pencesses. In Peiry cotes ther processes con even
be incorporated in the RT process, doe to the
open character. Wevertheless, we veant to offer o
smdents 3 process that supports developing thedy
ovenill conapetence of desigring in the Gedd of
Intelligerst sywtems, prodncts and related services,
thedr wishoon on desigming and thelr growths sz
deslgrer. and envplesates the impartant aspects of
our educrtional sppecach. West we will elucldote
the three Inaplivatinne fvr the BT process based on
the departments sdncstionsl fundstion,

5.2 Reflertive, transformattor deslgm proces
‘When Joulring st the: departmoent’s fwadurion
with respect to fncns and sdncatioms] apperoach,
we aen thews inpHestioes for the RT deslgn
provess (Finmmely i Frens, 1008);

L Ag stated enriles, we ednoute siusdects who ane
while to apply new techoolngles in dnnowativs,
daring wod prefirably heuttal vy, deiwen by

& design vision of bovr our (sockD) world could
be: i the (oar) fistiane, wod based on exploratve
stucties and solid nemacch with upens in the
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sachul-cubmral contest. This requives & central
place fv creating a vislon on sodal and secetal
tranafor reidion in the deslgn peoeess that we
teach por sindents, w9 well 218 centeal place fror

exploring and valldatiegy with users I the comteyt
of nae

2. Competency-oentered learning i o kghly
cortext-and-peransn-dependent process. A
different crumtert saks fror different conspetences
and different smdests will prefier diferent
competencdes wnd dewedop them diferentdy.
Thesefors, pur shiidemts creats: thelr oom progran.
"The charscter of thir education nuoded and the
notion Chat “the designes” snd “the coubent” do
not exist, sl for diveesior of deslgn processes o
Bexihility within,

3, Competency-centensd aroing ghves equal
whedglst oo kvl g, sirflle andd atttudes, and
sticulates shudaty o learn by dodng, I e sbout
Lenening wnd pericoming tanough practicsl
application, while simadcanecrady acquirng
thannetical sldile, Both sepacts are bridged

by reflectinn on action, Thdy wpproesch fity

fhu pevferion of industrisl design perfectly.
Congppently, the desipgn procaes wi offer the
students should be bolistl and give equal weight
0 konowdedge, slille wnd witihudee oo ghot the
procase wnd stogleie sflection,

Thadcats, w bupve: crtecbad 4 Seclble and open
charign prowees, the: “nadlectbve trameeethe
clarign proceed” that nddreeses these throes
srpects {Humeals & Freng, 2008), Developing
charign sohutlons cun b men 32 3 poockss of
tnkdog deachdoty based o too Bule informetion.
"The trrewdih of the sobutien dotaadn wid the
inderdependencs of individual soluticdas, te
charigen trided ! wiadow xodon it inpossible to
detaernici tedeteliund if 3 declsion j the cight
otan, Thaewlinre, vt cxtndder design chcicione
codudithonal, The prvonts kv tent aor
wetticnlly v dlitirgpuith dtives and hotioniadly
w btingrish strwbegles (Figue 33,

3.1.1 Dalvws (ruttical axis)

W viowr the daelpn oot i & P whe
gt et tho heckdgots, arprpot ity wid. sokotionn,
oty i acTrerad by coantienaons Hifietentlon
prethueriong. Wt 1 thot Gecadpots incbrticen Hoesdf wo soer
two diives for inftmation gatheidng.

The fiiwt drive U Infocamtion gathering to direct
the design decislons thiough the deslpner’s vision
(izrp chiche}, Wi stitmalzte the developimeit of
immurvative solutioos to tramivom the hebavior
arxd mxpeciencs of users nod socisty s 2 whole
Therefore we snconrage studeots (o aeate 2 visdon
oo tansfrrmetion frmm o current reality to

= now meality through an interective/intelHgnat
aysiem. We encoursge sodents to search

for innrwative peintinne thet are eandngtinl

and valnahle for nsers and oot socety. In the
beginning af the penject this vision mlgh sl be
sovall and cuphisved impicitly in the pecjact belef.
Doring the process, the vidoen can he devedaped
and shorpened Corvpetency siea Sodal Crbues
Awareness b o mrurs] inchntion towards this
activity, whicls dnean't mesn that this activicy
Lany imipartaet S the nther cobspetency arvas,
oo that the other acttwities s not ingurtant for
Sachl Cultnral Awareness

Thae spcand drive is information gathering

b explore and walidate design declsinng in
soclety with users (hottom cirde), Recanse
eopysingfiolaess, valus, technologicsl medistion
s ekl ranaforomtion we persan wod oot
selated destnes, the poanibiides s schrticne hove
o extengtvely eaploned and teetesd in sociey
Competency soe Ll Focus and Perspective bag
n tuiewl affindty with thy activity, which aguis
diean’t mtan that this sciivity Lin't outant for
the ottse comapetency Aneas, fe that the other
nekbviting are ot iiapsrtent fior Ui Rocus and
Pasapastive.

5.2.2 Steutegles (horivontal gxis)

Tha rivne e Lincirparated within teo drategiee
thoat gemerade indrrmation snd that reciprocally
prorride Bcin G ech ottusr, Thagie stradagies are
LocHewtand o fh bede activities thut we cendeal
tar ey thinkdng and sctlon, conpbtieg

of snatyxing, synthoisdong, sheatrcting s
roncretixiog (Beiaes, Bocghuy, Maaers,
Overvald, & Perratint, 2I}5),

Thee fleet ekrategy coomobves atodiad desps action,
bt syithesising wnd concetizing, suck #&
building experisetial prototypes (left circla),
Syathesixing ie the meoiig of dleneots indo w
cohwetent eoapoattion {3 gowcitle pucpose, It
ot fxounn ol s Dncegge, Althuorngh, desdgrers often
think of alsbediiig wid provbotypiing 19 syothwadeitg
nekiwitivg, the reslt of srnthedsing ou aleo be, for
amrple, w Heoty of & desciptin tode], Whea
cowcetichig, ot applies & petacal vivwpodet o
Pl stakions o <, Thik action o fooes
Lot tor el Thie shistegry prshoces sxpediediial
indrrorticn Soor Che othed wotiviiios i Goe desdgn
o,

The gncotd srwtegy revobves asroond scedetmc
kg analydls and shstraction (tight citcls).
While airalyritg, v uttevels sy, problemns
ot ystetm ibto poallet subsety with 3 cettain
intrmtion. So the sctivity goes Srom Lurge to zmall
Alniracting does the opposie, guing from small
o0 Jaryge. Bt st e w vievwpaint yoch s

a theory, moded or statement, relevant for moce
cases by bringing it to 2 higher sggrepstion

Levvel (inijera, o all, 205), Academic thinking

——
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prodnees o nunre formal idnd of Informatinn

that (again] fialds loto the connecting sctivites
Hoth strategles are equalhy vahuhle and shonld
frequenthy altermte thromghont the entine process.
Dependent on the persan, curtert, or phase within
the deslgn proceas, stmdents determing wisere they
srart, how aften they swep froo ane activity to
ancther, and the order of the: activities This way
the process mpports Sexfhility und Individoaltty.
Mwrecrnes;, the munded actiwely mipparts eeflection
in, on and for sction, The mental activity of giving
sexning 0 & lewrning activity and, by dedng en,
balding new incsiedoe thot selatea to exiptisg
imowlalge Ir called reflection {Mnan, 159991
Whan performing 4 activity vithic o cinde, o
smdent reflects oo srtion, Ao apportindty B
eflertion om aod for action occurs every tms:
the stckent switches activitice, Tharefiore, we
wiironlate: frequent cluspes froes e nctbvity o
nesother, This could help novices in dedgn oo train
chadr seflectire pructice, The activity of eeflection
B inddicatud in the meodel oy the Hose betwaess the
el activiting, ad between the activitiee and
ch datiperables, Reflection on and for action can
wlso be retated to the entine Learning activityon
bighar Lyved, Thiy is represented io the model by
tchay ruflection Hoe of the o cecle (Figure 3,

i Lemrnimy Activities

Within our compedesscy-cenpenad Learning
wppeteoach v offer 4 vaelaty of corclonlar learning
acthrities to reflect probsesiongl praciics, Thig
inciodes fe docperienss with and pecfrmncs

of diffarent tasks and roldes, In conles b emable
sricudaomrbe o Ptarpmne cumdcpon deadgpiaes, wos grive
e fhe opportuidty B addn thedt dvidual
Leezxing rvepcly, Thiis traplisy o shiift in stall coles.
Wis ol it Jecst oy, Moot bevst riiing aciivities:
prrogechs, anighesests, modules, worebops wnd
IDemrtity weedat,

Studente hore difiemest wirrs of Lt ad
clifepeiet soincdy fine lewelioping thalt et
Thvat L3 wrkoy we o tiot boirwd ot foee] prroggrnues
Tt wil sindente [ppply-otdesind), Tnatead, we
demilop vations types of cartdeulur beming
Ackivithes, dach with thede specific charsctiristics
(o, wothestic: veewue commrirocted combet, focos
ot coanpestedics of deigndig v sprecific
crnpeteicy o, individual vetvor teamwotk).
O studedrts we terpotsible oo detetmintng
wht to Jeurh xitd which Learbing sctivities nuit
best (denund-orivited), Thiy inglies that oIl

our bearning sctivides xoe ‘dlactiveal Studeots”
selection of learning wctivitie s fromed within
the departmenty view on desigming, the ten
coapeivncy s, and the overll focns o
imixlligent systems, froduct and relsted servics.
Ax foniar eeoplayess, studenty are required

to perfiwrs learning activitles that represent
inthentls tialks and roles Tn additien, they nead
o da & particuler smaront snd type of wark per
sernerter, for exanpls foar asslgrments ond &
penject o the second blnck of the first Bachelor's
cinre pesr: By kg o Peoeal Development
Plan at the start of cach semerter, smdents
detersine per type of lowning a-tbvity the ones
thot peroelde the hest oppartundty tn dendop
their competencies snd pwerall cmpetence of
deslgning. So lesrning sctivities are sot an end
Loy thewasdnes bt & cosans to generaty: learaing
prncenses ko Sucllitate competincy development
Loy i spepcific coosbent, Tho prst 3¢ chiffereastty, leaming
chivitien aoe oot o target bt 0 ke that opens
up the: roowledipe, slills and sttitoden nesded by
shente in order to denelop thelr competencles,
In tereay of sudenty’ learming, tivy taplles

thot proceee wad ouiput are equealby doepoctent,
Stadenty’ focne should not be on completing the
learoisg wethrity successfulty (nslc-orlentetion),
Totrt on el eering orppeoettimities Sor ootapudency
devidirpenent thet ercabls them to scommphih
high-qualacy cheltwerstdes, The daliverahles which
stahente produces in che contet of the various
Tpacrivieng wetbyitins srwe o dowbls porpoms,
Wanting tn achiers vgh oty debwrabilee
triggery comperheoney devedopmunt in tredth

o il dupth, Bewmdth eelies 1 dewdoping

il aapacts commred by o compedwicy St il
tech 3 poiadbde; depth vefers to derloping 3
perticobar aipaact of 4 cosiipeden oy atvl. Mvetal
times, it wweioue ooectanty, At the gato Hics,

the deltveratles which students sconmupih am
tangible pood of herlig demlopad e oF s
campeincke. A wrpluinad hadics, stuclentd’
nohiwrareity withdn leortdog aothrithes fow oot
b w3 themnasbee 50 they woe bot wsed
gt chely: Tiatead, sludedts secive widtha
bk ot the conchmdon of 4 larpdng activity.
Ton Heeren oef s ID Cntoipertnties Frwtewrmmth,

the vardous types of kearaing sctivite: addnt
diffesaet goale, Asignemsety wid taodules, for
e, osthy Gecilitets densloproett of o of
tw cotnpabescy nreas o aoese of the activitis
oot endypnt. Tricacnin, A prodect oo bickeertiaddy, o
the citbse ot odffeots shodetity the ofrrosbotity
develop oiv ittegrrata the full tatye of coinpetebcy
wtoas and design activities, Ultitately, however,
sindetty’ cotnpetetcy developrimedt i teatt

to feed wid muhunce thedt overall compatetcn

of dexigning and their virion on desiguing.
Sindenty” showroum and the ureenment procees
roilect thiz interaction betveen the learning
webivity perpoctive and the overll compuleaon
of dexigning pecapective: the focus 1 on stodeaty’
competence of deaigning and their vision
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degigning, tadieed up by the qulity of smdent ranype of neseanch and explorstions a persareal enhances development of the overall corapetence alon ot # platfors dhat mottvetes and enconrages
deliverahles and competency demd npanent repnote contmol has hesny deweloped for conteolling of dexigning wnd vislon on designing. Bt pay the design smdents to explore thelr crestivity
achleved in Jearming scthvities, rather thin on and traraferring medis throoghmt the cnarplete also enhance smdent® conpetency developonent with their passtons in graphical and hebrrioral
the mccrwafnl completion of seprarate learndng koo, Wireless technnlagy enahles the remte. i thelr FMP Assignirs and mandole lecturers design, whicl In turn gives them spontenecns and
activitles, centred tey Ienawr wiet devioes are nesrby farfbrate and soppart shudents’ learndng snd Iotrinste drive in learning programming.
Etaff navmobers in warloms soles faciiftate, support and thoongh this it can sdapt i control and crempetency developnaeot frome an expert The other exarwple in tullaring the content fe
and enhancr sindentd Larning and dewelopment.  Interactinn possthilities. Becanse it i o perunnal polot of view. They aten belp smdents i put design sodents i the Master saodile "170T Lo
Staff roles Incinde cnmpetency cowch, peeject repante contral, every fimiby member neme b a the convpeteney anes tovolved intn the wider action” When desigring pendnet heloviar, the
codch, expert, apslgnes, rndsile lestones and prracndl soces podnt to lis or her saedis, permpective of the destyn process and the deslgrer eften nesde to crmesndeste t experts
ARSEROT. Opusd (Figmer 5), by Bachelor graduste Mende crempetenre framvwarle. Next we gioe 2 fewr Loy pocmypiter softveane snd protocnls. In pevsent-
4.1 Projects Broskhnljeen ia & naned-haed exploring systenn exievnles of assignraents wod mednles, dey sofiware engineering, Swmal spedfication
Projects are the backhons of the ID corrdoutues, for Hetening & heowalog cousic in Hheardes B La In thae mndnle ‘destpning for Interaction’ the eaethads mach as the: Didwersal Mindeling
Wiihin the projects, sixdents dewelop thelr deslgned bo omerconn: the existing bonndaric stusdants waere chealienged to coente 4 design Langueage: e heen widely acrepted, Tenching
compebencles tn g athentic contest, offien between muslcsl geones by peovldlog nousic within the theme of learning snd ediacation, They  deslgn sidents these fornad methods e non-
includlog o real client, Projects allow for secnmmendation. pucehy bared oo dgral ansbyss, were explichily Inscructed to use the reflectine trbvinl becoum: mast of design students often
integrutices of the competencles intn o desigs Ul 93 pedwate Lstening xnd browsing device, it ranafoesative: detign proces, chan in ity b dafficoiies in progewermving e helorriors
procers, inongration of nesesrch procsses Inio Lexgpings th visihors to find sl chot b on foreoattye: phoase, Ome of the projects war Boone!  of coespley produces wnd syvtems, Tostead of

Fig 5. Movty Medls the: cheign, anud Inderaction between the learoing wdges of thedr mlog] tite. (Figune &), 3 syybem of peodiscts to suppott ttor progeasaming, we: tpe & technlgig, rmedy
activity purspectire sd omersll coopetence of CIDS (Plguee 7, which i designed by 1ot year claemn in high achool, the otiser pxample wae “niting-oon”™ (Figore 11), Sx deslgn stuckents to
designing, Bachelor pidunty Doy Roriila, C. Tessa ‘Benm aiy' (Figure 9), & eyviem thet supports teearier the: foml snethods, The experience chown
Profucts may vary in focus, they wil snnble dudents  wan Dossbueg and Geert van den Boogaart, 1 Learsing in wotion of extreene sporty, Partlcubardy  thot actng-out ot ey worked ourwery wall as e
0 deewslorp anud tndwgeate thelr competencles ne  decesiralized aystem o brisg prinory schaal Interegting o thess predects win hew the sudenty  tenching techedgue it also st the potential
wedl na thedir orerall competence of deslgeing, to childewn togetises, To stimulate childeen in baed dtfferent appronches dn deg the nfsctng fior berldgieg the processes of industrial design and
demelop wid srprass their vigon ¢on dedgwing, prismgry school to pley togethes, thip decontrabined trnnafirertios design procee to quickly crants softwan: enginesring (1. Hu, Roes, Fuils, & Cfine,
and] to experiancs chedr grosrth a5 o designer, ayrtem wid deendopa], CIDS 3 0 spdtees of npight in tha desfgn probilem af ban, The fles; 20071,
Thene chonkd be novs fier stodents to sxplon: engitiple “spente” wivich are il ecual, wed thus gy Herated betwaees snatpes amd the crestion 4.5 Workyhopn
scprlancing soccery ik will 20 livisg dosen A poor buovs B Lider, Oine “aygpasd™ 109 itpel! iy preity iof 4 yledon 0 diewct thelr deslpn proceds, From Wintheahegsn are short scthvitien ligeschid

Fig 6. Opued parfrrmpnce. Ay these projects som the backheona girwple, Bt 3 coomibvbergtion of ouoyliipls agueds® chare they yiurtad their ideation process by iastrechinc paeticulne topdos that halp shudsds
of the ID corricubim, they get o eouch lenger et canes Mo oocmple beharlous, Braey “igeest” in sxnierey o e cowstion of Jurcle prototypes witer devilop thedr crmpebencles within the copiiet of
of ‘deccutad time’ then wxdgnmeety or module, thie ayitecn hue o copbosrfol TRD which expeiis wiilch iy vuliduind theie Sndings by taens of thedr peoject,
forr ponenple. A typicel Bachelor’s project il op e besharinor theough patbeens, Thess potierng co-desigeny samiony with hgh-school stodents, Workahopn wre comparatively short learning

&% oof duedicated ting per cviiar whareng s shayald chundlpsnge T childlomes o bl burgpor Thuh gocen grcuipy of atixckents took o JiSmnt nichhwiting, Thels gios seciy wady fevam 4 S e
eyl Mingtar’s projuct 1o 3 Coll pscaster. Wi wunt ieroapod oof “geests’, wind Toactnn oof thig explon fhe appcrachy, they darind by maldng xperimigablde  toa foll duy, Woadcshopa provids shudwnts with
whiudenty b b abde to sxpetience diffacadt views rotalblitien togpather. provbotypes wid Hharwbad tedvmiees dodng amd the whs Bkl chices b virious Hopich, Sor rosnple
and rapetides, One wor @ wchiors thiels by oes- 4.2 Asigroosity wid modole ctvation of 2 viskon, They weuit < 4o milllduts ek ation iokesing, detlgn procsises,

couchiog, For exaniple, during the semeste, fhest Astignots i laridng activithes for Bachelor's thadr approach b viditing skosts pachs wod faally celction, gronp driumics, ciuading 3 chowcase,
wiat Bawhelonr's stodhenriz woock: with thedr cowin shuclents, Theey cuptwcent 48 ot of Tadhvidoal txrinckad thedr work fi theoey, Whils we pealics tevathenationl modelitg, elactomdo o a e
cxnch bt weith st Dot ot othae comch foom the ootk (o & conomuer bradweacas b che testn weok i that this teat proevicles only Liedied detadl, thie tlatnd fopde. Thaoe lotroclictiosn niw et
Thetow that b coaching the xame project. preogectie), Th scopw of as et s sty sataple corsobouted oot ssmuption that n o dnithate wid sopport stodwit’ competncy
Lete giwe & Sewr smvoicpley of poirect omitzie, ikt Of T ciededucy stvas. Miodola e clesigpn prooceas i oaaclond thet it £o wetaatile 23 the deselopinest within fhie teojects. Windohatn
Fig 7. CDé Tawtle Teating (Figues 4, mads by Master Lmwortsdegy activities for Bt stndents. They el that new then, oot ke paorwide stndlencts with spacific sxpwrtiis,
tnduty Guovat Fillis, ie 4 prodoct that winble tegareait 4 b0 240 hooes of witbwe seoadl gtvoop o Thwt dusigronnnte wivd owchales se spacinlly wdth Bk £ & prcticnlir cotpmbedcy wv.
Procefde 1o dtpat et 8 touch-poreen based ol Lodividml work, The scope of & toodale b ooty ko] dotid ecdgprind o thee prtodibes of one &4 IDesriity vk
Plaotune with- cuct hoelig o ook ot fhe aceets, The G wewe of e of Tveo of i cijracky ghonis, eyt stodeiie, We give treo ounpdes, Desdgpriieg— IDetskliy vooebor ate ‘wirtlond” sctivities & ol
et et s cosws uidtyg oo houtd oy B sk despeudileg om S mowachale adse, Coogoed i the ot ligpenrt ooy, syetedm and ekt wecvices I gtodets. In (e weelo sodents” sctivite
youss thuatnls thovnigh ‘cullisg. you cat ‘widte’ o wkbweathe cantrbet of pacdects, ssalptoents and Tiapuite the: Jeediptiets to be sbile (o listegts (st thde petaotvad develomrissedt, o Chede
chatacter. By pustite o & bbb o the bk ncalaloni ot it contuetroccbad. by s, chmolory i thedr deeigrs. Asootg othed gicllls, Teattadeng athd dervelopuitiadt o, aid oo el
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of the {ototype, the charectet 1s 3ot to 3 mobdle Anigiimente provikie Bacheloes stodemiis with progratmming is the key for the dedighss to ovetall cnpetence of dedgbing. 10 weels oot
phoas vis blustooth, In this wey you o put the oppertanity ke sithet swatetess builkding prototype wd expesiment with the bbellgeet thiwe thnes pet estoestet: wt the sart, hallvay
izt while uring yous vthet v and your alght o s patticolet competency nes, for n-depth behavkstz, Howevet most of the dealpt studenizde. wid towsids the sl of the pemestet. The fitst
ot bt wctivities, lior cycling o walking, crnpeteicy Jevelopinent of, o mme cases, for ot hays thheneit affirdty towands progratmming ID wreks u itstenncled] foor studeaty to teflect ot
Moving Medls (Figure 5}, dmigned by master the noeayuisition of specific knowledge and dill. and dlectoomics. In the sssigmnent “Crestive whit they heve achivved the previou setester
prnduste Tom Prissen, & 1o intellgeat remots Lilkrwise, modules provids Mt studeots with Progrmining for Devigoecy’, the AdMuoVeo in terins of vverall crmpwriencs of dexigning and
coatrol for comirolling end transferring pereomsl the oyrpartanity For ectemive orpectise building robotic platfrrm (Pigare 10) is designed purely their vizion 15 1 designer. In onder (o do s, they
mwdia. His foject almed st finding new and {n perticoly crnperiency 2o o i xome wese, for the purposm of tesching the industrial dexign rewiew thelr previoos sbowosse wnd suseneot.
betier control and intersctivn posibilities for for the scquiziton of grecialiced knowledgs and sindents baaic sidlls of Frogramming (Alecs &Iu,  They indode the voomes of this review in their
home entertainment systems. Throagh « wide skdlls. Thio crmpiency development enables ox 200%; T. Huo & Alers, 2005, 2010). Moreover we Personal Drevelopment Plan (FDP) to determinn
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o adfnst thelr long-termn goals fer thedr growth
3 o designer In the ID weelr bal oy thromgh
the semerter, rmdents start with thelr showicas
For- that sementer They neflect nn what they bane
achieved in their kearning scttwities so G, an
selated tr the goals they set in their FDP. They
redate this t the cornpetency arcas and sedect

the delivershles that Mhustrate thelr cocapetency
develnpment hest. In the ID week tovesnds the
eind of the semester, stridents comnttathy repeat
the process they bawe pons: throngh in the second
ID week. They reflect an what they have schisved
in ull thelr lewrning activitier. They select th:
Lepening evidence that prowes thelr development
bwest, They procuss reflectinne snd visumly in

the: poat, present wnd Srmre dmenedon of thelr
shorwrase,

5. Cowrlndithy Resnntio

Titas e oty thue apratiospst startnd, we oo
nrw o than 550 stadenty, both Bachelor wod
Diagter, e amoriend B0 xiwE capersbers inpnbeed io
aduction, The departonent hag hoen fucitihting
Fiuidenty o e pevfemdon destgnary, e
graduates cigtisprridh themmdes from other
dheyigners in warlons weys, They design incaractive
an] ietalligwent syrteng re lifs-lomg and self-
oo ng Inaronry, diontlon thetr expertips snd
ichenttty continotly, and aetritrte to ndkling
enoensdiles ot the lnbersection of design,
aghneering and sclences, Cur ampebascy-

e mogde], inchuding both the somstencs
Trurrrwenels and the mdective teangforeothee
claxign procees, pliye s toperinat rols e
Encdbttatiog che edducation, which b cot valy
wniqiae, but aleo s th oo adocation vy
s,
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1. Introduction

In 2001, Eindhoven University of Technology (TU/e) started the Department of Industrial Design
(ID) based on discussions with leading industry representatives, including Philips, Ericsson and
Océ. The need from the industry has led to the focus of the department on the design of
intelligent systems, products and related services, which addresses such issues as adaptive
behavior, context-awareness and highly dynamic interaction. Instead of designing “closed”
products and human-product interaction, our design students are educated to develop open
systems that are not finished anymore when they leave the factory, but evolve in interaction
through e.g. services and adaptation.

Since technology is changing so rapidly, it is potentially capable of transforming our lives and
society in ways that we cannot know of beforehand. Therefore we want to educate future
designers who are able to apply these new technologies in ways that are new and daring, driven
by a design vision of how our world could be, and validated by solid user research. We want
them to explore and develop highly disruptive products, where the term "disruptive" implies the
absence of a well- established frame of reference for users or the market. This implies that our
students do not only need to develop the next generation of systems, products and services
with which people can pursue their lives, but also investigate what kind of life and society we
(designers, users, industry, society, ...) want these systems to support. This requires a central
place for creating a vision on social/societal transformation next to user/market explorations
and validation. Moreover, it requires support for exploring opportunities instead of solving
problems (Hummels & Frens, 2008). All in all, it demands a holistic, creative, flexible and open
attitude, in which designers explore new opportunities.

During the discussions with industry, it became clear that they were interested in hiring
academically trained Industrial Design engineers, who are able to lead and work in multi-
disciplinary teams, bringing the different perspectives together, and to bridge the worlds of new
technological and business strengths on the one hand, and the societal and user desires, needs
and opportunities on the other.

The approach of becoming such an integrator was also scrutinized when looking at the societal
developments with respect to learning: present-day society asks for self-directed and life-long
learning. Society in the twenty-first century is characterized by rapid changes in various domains,
e.g. political, economic, social, aesthetical and ethical. At the same time, science and technology
are developing at a very high pace, which is turning this era into a ‘knowledge age’. The amount
of knowledge is increasing very fast and is expected to go on growing at an even higher pace.
Together with the advances in information and communication technology, this increases the
volume of easily accessible information beyond imagination. Functioning effectively in this
society requires the ability to deal creatively and flexibly with large amounts of constantly
evolving information and the ability to learn continuously. Life-long learning, in turn, requires
the ability to direct and regulate your learning. The notion of self-directed or self-regulated
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learning refers to the degree in which students are behaviorally, meta-cognitively and
motivationally active in their learning.

These societal changes are reflected in the professional workplace. They also denote the
challenge that higher education faces in having to prepare students to become professional
experts in this new workplace. They need to become experts who create, apply and disseminate
knowledge, and continuously construct and reconstruct their expertise in a process of life-long
learning. They also need to become experts who are required to work in teams, to cooperate
with experts in various fields, and to participate in complex networks of information, resources
and instruction. Meeting the goals of education requires a high consistency between instruction,
learning and assessment. Since the goals of education in the knowledge era have changed, a
new perspective for this consistency is needed (Birenbaum, 2003; Segers, Dochy, & Cascallar,
2003).

Based on these observations, ID has chosen competency-centered learning as the educational
model, in which learning and working come together. Students learn to learn (what, how and
why) and we facilitate their learning in order for them to have the ability to deal creatively and
flexibly with the large amounts of constantly evolving information in our ‘knowledge era’.

Competency-centered learning offers students the opportunity to give equal weight to
knowledge, skills and attitudes, and stimulates them to learn by doing. Within our department,

a competency is defined as an individual’s ability to select, acquire, and use the knowledge, skills,
and attitudes that are required for effective behavior in a specific professional, social or learning
context. Therefore it offers a holistic view of design, where the student develops the overall
competence to design by integrating, in our case, ten competency areas related to users,
(interaction) design, technology, business, society, modeling, processes, ideation, teamwork and
self-directed learning.

The nature of design beautifully intertwines the different types of knowledge with different
human skills, in this case cognitive, emotional, perceptual-motor and social, sometimes implicit,
sometimes explicit (Jun Hu, Chen, Bartneck, & Rauterberg, 2010). It is about learning and
performing through practical application, while simultaneously acquiring theoretical skills. For
example, design uses formal scientific notations (based on mathematics) as well as knowledge
that is harder to formalize (e.g. aesthetics and creativity). Moreover, knowledge can be obtained
through the analytical skills of the designer (e.g. analyzing user behavior), as well as through the
synthetic skills of the designer (e.g. building physical models).

In addition to skills and knowledge, competency development focuses on the designer’s attitude,
such as taking responsibility and professionalism. Therefore our students work as ‘junior
employees’ in an authentic and professional context. Moreover, competency-centered learning
is a highly person-and-context-dependent process. A different context asks for different
competencies, and different students will prefer different competencies and develop them
differently. Therefore, our students take responsibility for and create their own program. We
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have developed a variety of learning activities with an emphasis on experiential learning and
self-reflection, while taking into account differences between individual students. Students can
choose from these learning activities such as projects, assignments and modules that best
match their learning goals and required competency development for a particular semester.

2. Competency-centered learning

Competency-centered educational approaches like ours are rooted in recent societal
developments and in the constructivist learning paradigm. Pivotal in the constructivist
perspective on learning is the notion of activity: learning is an active construction of meaning by
the learner.

2.1 Background to our approach

Societal changes and developments have turned the 21st century into a ‘knowledge era’. These
changes have affected the professional workplace, and thus the demands placed on graduates:
they need to be able to function as ‘knowledge-managers’ rather than ‘knowledge-owners’
(Dochy, Segers, & De Rijdt, 2002).These developments have also affected theories about
learning, such as the constructivist perspective on learning. Our competency-centered learning
approach is rooted in these societal changes and in the constructivist learning paradigm.
Preparing graduates for their changing role in society requires a student-centered approach. In
terms of educational goals this also implies a shift from teaching a specific body of knowledge to
facilitating students’ ability to learn and to develop continuously: to acquire knowledge, skills
and attitudes needed to perform a task or role in a specific and often complex setting.

The constructivist paradigm includes learning theories that focus on mind-world relations. The
individual or cognitive theories assume the locus of knowledge construction to be in the mind of
the individual learner; the social or situative theories assume this locus to be in socially
organized networks (Birenbaum, 2003). Common to both perspectives, however, is the key
notion of activity: the understanding that learning and knowledge are an active construction of
meaning by the learner. Furthermore, both focus on the learning process as a whole and on the
interactions within this whole (Dochy, et al., 2002). Learners construct meaning by relating new
information to what they already know. In doing so, they are influenced by their motivational
and affective make-up as well as by their social-cultural environment (Tigelaar, 2005). We
adhere to Birenbaum’s reconciliatory view that these two perspectives are rather two sides of
the same coin: it is the interaction between them that provides a starting point for unravelling
the phenomenon of learning.

A constructivist perspective on learning has implications for the role of the student, for the
design of the curriculum and assessment, and for the role of the ‘teacher’. The curriculum

should allow for active student participation and control, offer ample opportunity for interaction,
and provide an authentic context for students’ learning. Learning activities as well as
assessments should allow for, or even necessitate, a holistic and integrative approach. Students
need to develop the ability to reflect, to self-regulate their learning, to take responsibility, to
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learn from experience and to assess themselves. Staff members need to make a shift from
teacher-focused to learning-focused, and their role needs to change from being an authoritative
source of knowledge to facilitating students’ learning. This requires a shift in their personal
conceptions of knowledge, intelligence, teaching and learning (Birenbaum, 2003).

2.1.1 Exemplary learning

Students develop their competencies in a specific context. This context varies according to the
learning activity and role at hand. In a five-year program we cannot offer students all possible
contexts, design problems and design opportunities. Moreover, they will encounter new,
unthought-of contexts and changing roles in their professional practice. This implies that
students’ learning is exemplary. They demonstrate that they can learn from particular
experiences and that they can acquire knowledge, skills and attitudes in particular contexts. At
the same time this shows their ability to analyze the context and to determine if and what new
learning this requires on their part. In other words, this also demonstrates their potential: to
analyze new and different contexts and to act accordingly. The exemplary nature of learning in a
competency-centered curriculum stresses the relevance of authentic learning activities that
reflect students’ future work as a designer.

2.1.2 Context-related learning

What students learn is influenced or mediated by the tools and signs of their socio-cultural
environment, as well as the established communities of practice which their academic discipline
represents (Birenbaum, 2003; Schon, 1983). This implies that learning is context-related. It also
implies that learning includes enculturation into and participation in these communities of
practice, and adoption of the principles and standards shared by members of these communities.
If we want to facilitate students’ learning we should create opportunities for them to learn in an
authentic context. That is why we have designed different types of learning activities, varying in
the degree of authenticity. Projects, for example, reflect professional practice quite strongly. In
their project, students have the opportunity to experience and perform various activities and
roles, to deal with a real client and to be coached by professional design practitioners (about 35%
of the teachers).

2.1.3 Reflective learning

Our view of reflective learning builds on the ‘experiential learning cycle’ (Kolb, 1984), the
‘reflective practitioner’(Schén, 1983), and ‘reflection in learning’ (Moon, 1999). In our
curriculum, students do various curricular learning activities. These activities become learning
experiences by the meaning students give to them. By constructing this meaning, students build
new knowledge, and relate this to existing knowledge. Reflection is a mental process that
facilitates this creation of meaning and knowledge. If students articulate their reflections, for
example by discussing their ideas or views with others or by writing them down, these
reflections become a representation of their learning, which can be shared with others and may
result in a new or transformed learning experience. As such, these reflections are an integral
part of learning itself (Moon, 1999).
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2.2 Competency and competency areas

The notion of competency is defined as “an individual’s ability to acquire, select and use the
knowledge, skills and attitude that are required for effective behavior in a specific professional,
social or learning context”. From this definition the role of knowledge acquisition appears:
acquiring knowledge is no longer an end but a means to develop a particular competency
needed to perform a specific task or role. Put differently, acquiring a specific, well-defined body
of knowledge is no longer at the core of a competency-centered educational approach. Instead,
students learn how to construct meaning by performing authentic learning activities. This
construction of meaning includes the acquisition of context related knowledge, skills and
attitudes, as well as knowledge about learning: knowing why, how, when and what to learn.

Based on the department’s focus and learning approach, we have developed the ID Competence
Framework. Being a student and developing through a competency-centered learning approach,
puts an emphasis on activities and processes. So becoming a designer is not merely about being
able to deliver qualitative excellent intelligent systems, products and related services, it is also
about the process and competence of accomplishing this excellent design, and the process of
becoming a competent designer.

Therefore, the ID Competence Framework tries to capture the overall competence of designing,
which consists of both the process of designing and becoming a designer, and the resulting
design. The overall competence of designing is shaped by the integration of:

1. The student’s development of the different competency areas, both with respect to ‘weight’
(breadth and depth per competency area) and ‘profile’ (the contour of all competency areas
with respect to depth) as well as the student’s insight in their competency development. So the
development of competency areas refers to process (of designing and of becoming a designer)
as well as to content (the elements of a design).

2. The extent to which the student is in control of the activities he/she performs within the
(design) process of a specific learning activity, as well as the process ‘profile’ of a student: the
path and steps the student prefers to take in the (design) process, so which steps and in which
order.

3. The quality of the student’s overall design or the whole of his/her deliverables, including the
extent to which the student’s deliverables show the student’s own ‘signature’.

4. The student’s overall attitude including the professional and personal attitude.

The ID Competence Framework (Figure 1) includes ten specific competency areas that are
involved during designing, related to the content of the system, product or service to be
designed, and/or to the approach needed for the act of designing or becoming a designer. These
ten competency areas are:
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e Self-Directed and Continuous Learning: Take responsibility for and give direction to your
own personal development, based on a continuous process of self-reflection and out of
curiosity for future developments in technology and society.

e Descriptive and Mathematical Modeling: Being able to create and apply descriptive and
mathematical models by using formal and mathematical tools, in order to justify design
decisions and support the design of complex, highly dynamic and intelligent systems.

e Integrating Technology: Being competent in integrating technology means being able to
explore, visualize, create and demonstrate innovative concepts and experiences using
technology, as well as analyzing the technical and economic feasibility of complex
designs in which technology is integrated. Moreover, one needs to understand scientific
writings and be able to communicate with engineers and researchers of another
discipline.

e |deas and Concepts: Develop visions, innovative ideas and concepts through creativity
techniques, experimentations and the translation of research.

e form and Senses: Experience and develop through doing and abstraction, aesthetical
(physical) languages that connect thought and interactive form, in order to
communicate specific properties of the design concept.

e User Focus and Perspective: Understand human characteristics, goals and needs, the
context of use, and create empathy with users throughout the design process. Design
user-system interaction for user experiences.

e Social Cultural Awareness: The focus of our education at ID is on designing intelligent
systems, products and related services for social and societal transformation. Therefore,
you need to learn to drive the design process from an awareness and understanding of
developments in society, envision your designs in society, place the development of
systems in a broader perspective, and take position in and evaluate the impact and
mediating role of a system, product or service on society.

e Designing Business Processes: Bringing new products to users in a global market of a
dynamic international industrial context requires knowledge of industrial business
processes.

e Design and Research Processes: Master the design process and the research process,
and adjust these processes to the demands of the task at hand.

e Teamwork and Communication: Work together towards a common goal using all
strengths within a team and communicate opinions, ideas, information and results
clearly and convincingly.

Although all competencies have strong relationships and together are necessary for the overall
competence of designing, some of these competencies can be seen as meta-competencies.
These competencies are necessary for all other competencies to develop. Especially Self-
Directed and Continuous Learning is an important meta-competency, but also Teamwork and
Communication as well as Design and Research Processes have a meta-character. Modeling in
general can be considered a meta-competency but in this framework we focus on a specific kind
of modeling.
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Figure 1 shows an example of the growth of a student’s competences over years, as well as an
integrated view on the growth in applying reflective transformative design process. The
reflective transformative design process will be described later in this article.

self-directed

envisioning
transforming

synthesising anaysing
concretising absiracting

validating
In context

B competencies I e W deiverables sitide [ cowemencied fp— [E— e

Figure 1. Growth over the years in the competence framework

2.3 Facilitating competency-centered learning

This competency-centered learning environment for our students includes various mechanisms
that facilitate, support and enhance students’ learning and competency development at the
level of a curricular learning activity as well as the semester as a whole: personal development
plan, curricular learning activities, showcase, reflection, feedback and assessments. Figure 2
gives a schematic overview of the relationships between the components of the learning
environment.

PDOP /
showcase

learning
actvity

leaming
activity

leaming
process

Figure 2.0verview of the learning environment

2.3.1 Personal Development Plan

It is the students’ responsibility to determine what kind of industrial designer they want to
become, taking into account the department’s focus on designing intelligent systems, products
and services. They capture this by setting long-term goals for their overall competence of
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designing in their Personal Development Plan (PDP). They manage their growth as a designer by
determining what competency development this requires and what learning activities they need
to select for a particular semester in order to achieve this. They include this in their PDP by
setting short-term goals for that semester. Typical moments to reflect on their progress, and to
review and adjust their PDP are halfway through and towards the end of the semester. At the
assessment students’ long and short-term goals serve as a point of reference to establish their
development of the overall competence of designing and their growth as a designer.

2.3.2 Curricular learning activities

During the semester, students are engaged in various curricular learning activities, each with
their own specific focus, scope and size, either representing individual or team work.
Characteristic of all learning activities, however, is that students go through an iterative learning
loop: a loop of competency development in a specific context. In other words, learning activities
create opportunities for students to develop their competencies by acquiring context-specific
knowledge, skills and attitudes.

Projects, for example, provide students with quite an authentic learning context. Students
perform design activities and roles that are derived from or similar to tasks and roles in the
professional practice of designing. Performing these tasks and roles is not an end in itself. It is
intended to generate a meaningful learning experience: learning to determine what to perform,
how to achieve this performance and why to achieve this. The ‘how’ refers to competencies to
be developed and the ‘why’ to the ultimate goal of all the generated learning experiences:
contributing to and shaping students’ overall competence of designing, their vision on designing,
their growth as a designer, and their ability to learn. Since students’ achievements within
learning activities are not an end in themselves, they are not assessed separately. Instead,
students receive written feedback at the conclusion of a learning activity.

2.3.3 Showcase

Students also go through iterative learning loops at the level of a semester as a whole: their
growth as a designer. The showcase plays a crucial part in this learning loop: it is the students’
tool to monitor and communicate their development of the overall competence of designing
and their vision on designing. The showcase as a communication tool for a student’s overall
development is a pivotal element of the assessment.

The showcase is a visual, interactive and integrative representation of students’ overall
development. In order to create their showcase students review what they have achieved in
their learning activities of a particular semester, framed in the short-term goals they set in their
PDP. They examine their deliverables, feedbacks and reflections and determine how these have
contributed to and shaped their overall competence of designing and vision on designing. They
evaluate this overall development, with the long-term goals in their PDP as a point of reference.
This evaluation results in a coherent and overall picture of what they achieved in the semester
as a whole. Students link this ‘top-layer’ of the showcase to the evidence layer by including
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integrative reflections. The evidence layer contains a careful selection of their deliverables,
feedbacks and reflections, which corroborates their overall development and growth.

In order to demonstrate their growth as a designer across semesters, students include a time
dimension in the top-layer of their showcase. The overall development students have achieved
in a particular semester (present) is fitted in with their growth as a designer up to that point
(past, which refers to previous semesters) and their view of the designer they want to become
(future, which embodies the long-term goals in their PDP). The past is transformed, the present
becomes the past, and the future becomes the present.

2.3.4 Reflection

In the course of curricular learning activities, students reflect at various moments. The common
element in these reflective moments is that they help students understand and enhance their
learning. By reflecting they give meaning to what they are doing or, put differently, they
articulate what an activity or experience means for their own learning or development. When
performing a design activity, they capture valuable learning moments by reflection in action.
During the (design) process they reflect on action by reviewing what they have achieved so far,
or by connecting newly acquired knowledge to prior knowledge. They reflect for action by
identifying what knowledge or skills they still need to acquire to accomplish high-quality
deliverables, or to perform a specific task or role effectively; or by determining what design
activity they need to perform as a next step. Students are advised to write these reflections on a
regular basis, for example in a ‘learning journal’ (Hummels & Frens, 2008; Moon, 1999); and to
include corresponding visualizations of their deliverables and process. At the conclusion of a
curricular learning activity they reflect on and for action as well. They look back to establish
what they have achieved in the learning activity as a whole and how this has contributed to
developing particular competencies. They look forward by determining how they can put this to
use or expand their development in future learning activities, either within the same or in the
next semester.

In the process of creating a showcase it is also students’ reflections that help them understand
and deepen their learning, this time at the level of their overall competence of designing, vision
on designing and growth as a designer. Students mostly reflect on action by examining what
they have achieved in the semester as a whole and how this had contributed to their overall
development and growth. They reflect for action by determining what to achieve in the next
semester, given the long-term ambitions for their growth as a designer. But creating a showcase
may also offer moments of reflection in action. When reviewing the semester as a whole,
students may have valuable or surprising learning moments, for example understanding what a
particular competency area is about, or seeing a discrepancy between their competency profile
and their envisioned competence of designing.

The explanation above shows that, depending on the context and scope of students’ learning
and activity, their (written) reflections vary in the level of abstraction, detailing and specificity.
Their reflections on action within a learning activity, for example, are at the low end of
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abstraction and at the high end of detailing. The integrative reflections in the top-layer of their
showcase, on the other hand, are at the high end of abstraction and at the low end of detailing.

2.3.5 Feedback

Learning, which includes acquiring and applying knowledge, is an individual process on the
student’s part: it is an active construction of meaning by the learner. Feedback is a very

powerful way of supporting and enhancing students’ learning. It provides students with
qualitative information on how they learn (process) and on what they learn (results). The scope
of this feedback is a curricular learning activity, the exception being competency coach feedback:
this addresses students’ learning and competency development process of the semester as a
whole. Feedback provides students with an ‘external’ perspective, which is complementary to
the ‘internal’ perspective of their own reflection.

During the process of a learning activity, staff members give verbal feedback on a regular basis
and in a dialogue. This feedback helps students understand their process and competency
development. Students can use this feedback to enhance their learning within the learning
activity and achieve high-quality deliverables. The written feedback which students receive from
staff members at the conclusion of a learning activity helps them to establish what they have
achieved in the learning activity as a whole and how this contributes to their overall competence
of designing. This written feedback also serves as evidence for the students’ showcase and, as
such, is input for the assessor.

2.3.6 Assessment

The focus of the assessment is students’ development of the overall competence of designing,
their vision on designing and their growth as a designer. The various elements of the assessment
are the end-of-term exhibition at which students show their project; students’ showcase; and a
meeting between the assessor and student. The formal function of the assessment is to decide
whether or not the student is promoted to the next block, and receives 30 credits or not. In our
case this is determined by the developmental stage a student has achieved, related to the block
he/she has been doing. Assessments also have a feedback function: the assessment gives
qualitative information on the developmental stage the student has achieved, and how the
student’s growth has evolved since the previous assessment. As such, this gives the student
feedback on his/her ability to self-assess. Last but not least, the assessment fulfills a feed-
forward function: it gives students pointers to fine-tune or adjust their long-term goals for their
growth as a designer and to set competency development goals in their PDP for the next
semester.

3. Design process for competency-centered learning

Being a student and developing through a competency-centered learning approach, puts an
emphasis on processes. So becoming a designer is inextricably bound up with delivering
qualitative excellent intelligent systems, products and related services, the process and
competence of accomplishing this excellent design, i.e. the process of designing, and the process
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of becoming a competent designer. These two aspects are especially addressed in the meta-
competency areas ‘Self-Directed and Continuous Learning’ and ‘Design and Research
Processes’.

Because we consider these processes extremely important, we have developed a specific
process that is based on the department’s educational foundations and is suited for designing
disruptive systems, products and services: the reflective, transformative process (RT process).
This process can be used for both settings: the act of designing as well as the course of
becoming a designer. Moreover, due to this importance, we have decided to emphasize these
processes deliberately in the ID competence framework in addition to the competency areas.
This way we can stress the importance of specific aspects of the process. Moreover, the meta-
competencies also address other aspects that are not included in the RT process. The learning
activity perspective focuses predominantly on the process of designing. Therefore we will
provide an in-depth explanation of the reflective, transformative design process (Hummels &
Frens, 2008). Before doing so, we will first reflect on the necessity to develop such a process.

3.1 Design processes

Both in literature and practice, one can find many design processes, all emphasizing different
aspects of the design process. Dorst, for example, compares two influential paradigms of design
methodology (Dorst, 1997), namely one in which design is seen as a rational problem-solving
process (Roozenburg & Eekels, 1995; Simon, 1969); and one in which design is seen as an
activity involving reflective practice (Schon, 1983).

The rational problem-solving process, which was introduced by (Simon, 1969), can be described
as ... the search for a solution through the vast maze of possibilities (within the problem

space) ... Successful problem solving involves searching the maze selectively and reducing it to
manageable solutions.” (Koca et al., 2009). In order to find these solutions, the designer goes
through basic design cycles which use four design activities: analyze, synthesize, simulate,
evaluate.

In 1983 Schon introduced the reflective practitioner to stress the importance of the training of
practitioners in the profession and to link the design process and task in a concrete design
situation (Schon, 1983). The implicit ‘knowing-in-action’ is important, but this hard-to-formalise
knowledge is difficult to teach. Therefore, he introduces reflection-in/on-action, in order to train
and guide the ‘knowing-in-action’ habits. In this process the designer goes through four steps:
naming (the relevant factors in the situation) = framing (the problem) 2 moving (towards a
solution) = evaluating (the moves).

The rational problem-solving process and its derivatives are used frequently not only in the
industrial (product) design world, but also in the human-computer interaction field and the
user-centered engineering and design field, such as the model of human-centered design
activities as specified in ISO standard 13407 (Markopoulos, Read, & MacFarlane, 2008). This
model has comparable phases, although they are clustered differently and they put a large
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emphasis on participation of users: understand and specify context of user = specify the user
and organizational requirements = produce design solutions 2 evaluate design against
requirements.

Fallman distinguishes three approaches: a conservative, a romantic and a pragmatic approach
(Fallman, 2003). The conservative approach has its philosophical base in rationalism and has
similarities with Simon’s process. Design is seen as a scientific or engineering endeavor. The
design process is supposed to advance gradually through a series of structured steps from the
abstract (requirements) to the concrete (resulting design) (Léwgren, 1995). The romantic
approach gives prominence to the role of the designer who is seen as an imaginative
mastermind, a ‘creative genius’, an artist equipped with almost magical abilities of creation. The
process is seen as a ‘black box’, because the designer is not interested or able to explain how
the final design came about. The process itself is guided by the designer’s values and taste with
respect to quality and aesthetics (Stolterman, 1994). The pragmatic approach gives importance
to the position of the design project. Instead of being related to science or art, this approach
sees design as a form of hermeneutic process of interpretation and creating meaning. It is
closely related to Schon and sees designing as a reflective conversation with the materials of the
design process.

There are many more design processes, coming from a business perspective, for example, or
from informatics and mathematics. For example, the new product development (NPD) process
that focuses on the complete process of bringing a new product or service to market. This
process focuses predominantly on the different stages from idea generation and screening, to
concept development and testing, to business analysis and testing (beta and market) down to
technical implementation and commercialization. The design of intelligent systems, products
and services has strong implications for this process. Because we are aiming at disruptive
designs, there is no well- established frame of reference for users or the market. So, one
important consequence of the development of strongly innovative products is a growing market
uncertainty regarding ‘if’, ‘how’, and ‘when’ users can and will adopt such products. Often, it is
not even clear to what extent these products are understood and interacted with in the
intended manner. The perception of the user and the designer may be completely different. The
technical mediation of a device or system and the transformation of a person’s behavior and
experience is a context-and person-dependent process, which requires a specific role for users
in the design process (Koca, et al., 2009).

What all these processes reveal is that they are a representation of reality, and they amplify as
well as reduce certain aspects of the process, either the focus on reflection, or the user, or the
business aspects, and so on. The educational foundation of ID requires, in our opinion a process
that can be used for the design process of disruptive systems as well as for the process of
becoming a designer. With our reflective transformative process we do not aim at negating the
existence and value of other used design and developmental processes. In many cases other
processes can even be incorporated in the RT process, due to the open character. Nevertheless,
we want to offer our students a process that supports developing their overall competence of
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designing in the field of intelligent systems, products and related services, their vision on
designing and their growth as a designer, and emphasize the important aspects of our
educational approach. Next we will elucidate the three implications for the RT process based on
the department’s educational foundation.

3.2 Reflective, transformative design process
When looking at the department’s foundation with respect to focus and educational approach,
we see three implications for the RT design process (Hummels & Frens, 2009):

1. Asstated earlier, we educate students who are able to apply new technologies in
innovative, daring and preferably beautiful ways, driven by a design vision of how our
(social) world could be in the (near) future, and based on explorative studies and solid
research with users in the social-cultural context. This requires a central place for
creating a vision on social and societal transformation in the design process that we
teach our students, as well as a central place for exploring and validating with users in
the context of use.

2. Competency-centered learning is a highly context-and-person-dependent process. A
different context asks for different competencies and different students will prefer
different competencies and develop them differently. Therefore, our students create
their own program. The character of this education model and the notion that “the
designer” and “the context” do not exist, ask for diversity of design processes or
flexibility within.

3. Competency-centered learning gives equal weight to knowledge, skills and attitudes,
and stimulates students to learn by doing. It is about learning and performing through
practical application, while simultaneously acquiring theoretical skills. Both aspects are
bridged by reflection on action. This approach fits the profession of industrial design
perfectly. Consequently, the design process we offer the students should be holistic and
give equal weight to knowledge, skills and attitudes throughout the process and
stimulate reflection.

Therefore, we have created a flexible and open design process, the “reflective transformative
design process” that addresses these three aspects (Hummels & Frens, 2008). Developing design
solutions can be seen as a process of taking decisions based on too little information. The
breadth of the solution domain and the interdependence of individual solutions, the design brief
and vision make it impossible to determine beforehand if a decision is the right one. Therefore,
we consider design decisions conditional. The process knows two axes: vertically we distinguish
drives and horizontally we distinguish strategies (Figure 3).
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Figure 3. The reflective transformative design process

3.2.1 Drives (vertical axis)

We view the design process as a process where insight into the design opportunity and solution
domain is achieved by continuous information gathering. Next to the design solution itself we
see two drives for information gathering.

The first drive is information gathering to direct the design decisions through the designer’s
vision (top circle). We stimulate the development of innovative solutions to transform the
behavior and experience of users and society as a whole. Therefore we encourage students to
create a vision on transformation from our current reality to a new reality through an
interactive/intelligent system. We encourage students to search for innovative solutions that
are meaningful and valuable for users and our society. In the beginning of the project this vision
might still be small and captured implicitly in the project brief. During the process, the vision can
be developed and sharpened. Competency area Social Cultural Awareness has a natural
inclination towards this activity, which doesn’t mean that this activity isn’t important for the
other competency areas, or that the other activities are not important for Social Cultural
Awareness.

The second drive is information gathering to explore and validate design decisions in society
with users (bottom circle). Because meaningfulness, value, technological mediation and social
transformation are person and context-related issues, the possibilities and solutions have to
extensively explored and tested in society. Competency area User Focus and Perspective has a
natural affinity with this activity, which again doesn’t mean that this activity isn’t important for
the other competency areas, nor that the other activities are not important for User Focus and
Perspective.
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3.2.2 Strategies (horizontal axis)

The drives are incorporated within two strategies that generate information and that
reciprocally provide focus for each other. These strategies are indicated as the basic activities
that are central to academic thinking and action, consisting of analyzing, synthesizing,
abstracting and concretizing (Meijers, Borghuis, Mutsaers, Overveld, & Perrenet, 2005).

The first strategy revolves around design action, both synthesizing and concretizing, such as
building experiential prototypes (left circle). Synthesizing is the merging of elements into a
coherent composition for a specific purpose. It goes from small to large. Although designers
often think of sketching and prototyping as synthesizing activities, the result of synthesizing can
also be, for example, a theory or a descriptive model. When concretizing, one applies a general
viewpoint to a specific situation or case. This action goes from large to small. This strategy
produces experiential information for the other activities in the design process.

The second strategy revolves around academic thinking: analysis and abstraction (right circle).
While analyzing, one unravels events, problems or systems into smaller subsets with a certain
intention. So the activity goes from large to small. Abstracting does the opposite, going from
small to large. It aims at making a viewpoint such as a theory, model or statement, relevant for
more cases by bringing it to a higher aggregation level (Meijers, et al., 2005). Academic thinking
produces a more formal kind of information that (again) feeds into the connecting activities.
Both strategies are equally valuable and should frequently alternate throughout the entire
process.

Dependent on the person, context, or phase within the design process, students determine
where they start, how often they swap from one activity to another, and the order of the
activities. This way the process supports flexibility and individuality. Moreover, the model
actively supports reflection in, on and for action. The mental activity of giving meaning to a
learning activity and, by doing so, building new knowledge that relates to existing knowledge is
called reflection (Moon, 1999).

When performing an activity within a circle, a student reflects on action. An opportunity for
reflection on and for action occurs every time the student switches activities. Therefore, we
stimulate frequent changes from one activity to another. This could help novices in design to
train their reflective practice. The activity of reflection is indicated in the model by the lines
between the mutual activities, and between the activities and the deliverables. Reflection on
and for action can also be related to the entire learning activity on a higher level. This is
represented in the model by the reflection line of the outer circle (Figure 3).

4. Learning Activities

Within our competency-centered learning approach we offer a variety of curricular learning
activities to reflect professional practice. This includes the experience with and performance of
different tasks and roles. In order to enable students to become unique designers, we give them
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the opportunity to address their individual learning needs. This implies a shift in staff roles. We
offer at least seven different learning activities: projects, assignments, modules, workshops and
IDentity weeks.

Students have different ways of learning and different needs for developing their competencies.
That is why we do not have one fixed program for all students (supply-oriented). Instead, we
develop various types of curricular learning activities, each with their specific characteristics (e.g.
authentic versus constructed context, focus on competence of designing versus specific
competency areas, individual versus teamwork). Our students are responsible for determining
what to learn and which learning activities suit best (demand-oriented). This implies that all our
learning activities are ‘electives’. Students’ selection of learning activities is framed within the
department’s view on designing, the ten competency areas, and the overall focus on intelligent
systems, products and related services.

As junior employees, students are required to perform learning activities that represent
authentic tasks and roles. In addition, they need to do a particular amount and type of work per
semester, for example four assignments and a project for the second block of the first
Bachelor’s course year. By making a Personal Development Plan at the start of each semester,
students determine per type of learning activity the ones that provide the best opportunity to
develop their competencies and overall competence of designing. So learning activities are not
an end in themselves but a means to generate learning processes and facilitate competency
development in a specific context. To put it differently, learning activities are not a target but a
gate that opens up the knowledge, skills and attitudes needed by students in order to develop
their competencies.

In terms of students’ learning, this implies that process and output are equally important.
Students’ focus should not be on completing the learning activity successfully (task-orientation),
but on exploring opportunities for competency development that enable them to accomplish
high-quality deliverables. The deliverables which students produce in the context of the various
learning activities serve a double purpose. Wanting to achieve high-quality deliverables triggers
competency development in breadth as well as depth. Breadth refers to developing all aspects
covered by a competency area as much as possible; depth refers to developing a particular
aspect of a competency area several times, in various contexts. At the same time, the
deliverables which students accomplish are tangible proof of having developed one or more
competencies. As explained before, students’ achievements within learning activities are not an
end in themselves so they are not assessed separately. Instead, students receive written
feedback at the conclusion of a learning activity.

In terms of the ID Competence Framework, the various types of learning activities address
different goals. Assignments and modules, for example, mostly facilitate development of one or
two competency areas and some of the activities of the design process. A project or internship,
on the other hand, offers students the opportunity to develop and integrate the full range of
competency areas and design activities. Ultimately, however, students’ competency
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development is meant to feed and enhance their overall competence of designing and their
vision on designing. Students’ showcase and the assessment process reflect this interaction
between the learning activity perspective and the overall competence of designing perspective:
the focus is on students’ competence of designing and their vision on designing, backed up by
the quality of students’ deliverables and competency development achieved in learning
activities, rather than on the successful completion of separate learning activities.

Staff members in various roles facilitate, support and enhance students’ learning and
development. Staff roles include competency coach, project coach, expert, assignor, module
lecturer and assessor.

4.1 Projects

Projects are the backbone of the ID curriculum. Within the projects, students develop their
competencies in an authentic context, often including a real client. Projects allow for integration
of the competencies into a design process, integration of research processes into the design,
and interaction between the learning activity perspective and overall competence of designing.

Projects may vary in focus, they all enable students to develop and integrate their competencies
as well as their overall competence of designing, to develop and express their vision on
designing, and to experience their growth as a designer. There should be room for students to
explore: experiencing success as well as living down a poor performance. As these projects are
the backbone of the ID curriculum, they get a much larger part of ‘dedicated time’ than
assignments or modules, for example. A typical Bachelor’s project takes op 60% of dedicated
time per semester whereas the final Master’s project is a full semester. We want students to be
able to experience different views and expertise. One way to achieve this is by cross-coaching.
For example, during the semester, first year Bachelor’s students work with their main coach but
with at least one other coach from the Theme that is coaching the same project.

Let’s give a few examples of project outcomes. Tactile Texting (Figure 4), made by Master
graduate Guust Hilte, is a product that enables people to input text in touch-screen based

mobile phones with- out having to look at the screen. The text input is done using one hand only.
By moving your thumb through ‘gullies’, you can ‘write’ a character. By pushing down a button
on the back of the prototype, the character is sent to a mobile phone via bluetooth. In this way
you can input text while using your other hand and your sight for other activities, like cycling or
walking.
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Figure 4. Tactile Texting

Moving Media (Figure 5), designed by master graduate Tom Frissen, is an intelligent remote
control for controlling and transferring personal media. His project aimed at finding new and
better control and interaction possibilities for home entertainment systems. Through a wide
range of research and explorations a personal remote control has been developed for
controlling and transferring media throughout the complete house. Wireless technology enables
the remote control to know what devices are nearby and through this it can adapt its control
and interaction possibilities. Because it is a personal remote control, every family member now
has a personal access point to his or her media.

Figure 5. Moving Media

Opus4 (Figure 6), by Bachelor graduate Mendel Broekhuijsen is a mood-based exploring system
for listening & browsing music in libraries. It is designed to overcome the existing boundaries
between musical genres by providing music recommendation purely based on signal analysis.
Used as private listening and browsing device, it inspires the visitors to find music that is on the
edges of their musical taste.

Figure 6. Opus4
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CIDS (Figure 7), which is designed by 1st year Bachelor students Dounia Bourjila, C. Tessa van
Doesburg and Geert van den Boogaart, is a decentralized system to bring primary school
children together. To stimulate children in primary school to play together, this decentralized
system was developed. CIDS is a system of multiple “agents” which are all equal, and thus have
no leader. One “agent” in itself is pretty simple. But a combination of multiple “agents” causes
more complex behaviour. Every “agent” in this system has a colourful LED which expresses its
behaviour through patterns. These patterns should challenge the children to build larger groups
of “agents”, and because of this explore the possibilities together.

Figure 7. CIDS

4.2 Assignments and modules

Assignments are learning activities for Bachelor’s students. They represent 48 hours of
individual work (as a counter balance to the team work in projects). The scope of an assignment
is mostly one or two competency areas. Modules are learning activities for Master’s students.
They represent 40 to 240 hours of either small group or individual work. The scope of a module
is mostly the area of one or two or more capacity groups, depending on the module size.
Compared to the authentic context of projects, assignments and modules are more constructed
by nature.

Assignments provide Bachelor’s students with the opportunity for either awareness building of a
particular competency area, for in-depth competency development or, in some cases, for the
acquisition of specific knowledge and skills. Likewise, modules provide Master’s students with
the opportunity for extensive expertise building in particular competency areas or, in some
cases, for the acquisition of specialized knowledge and skills. This competency development
enables or enhances development of the overall competence of designing and vision on
designing. It may also enhance students’ competency development in their FMP. Assignors and
module lecturers facilitate and support students’ learning and competency development from
an expert point of view. They also help students to put the competency areas involved into the
wider perspective of the design process and the competence framework. Next we give a few
examples of assignments and modules.

In the module ‘designing for interaction’ the students were challenged to create a design within
the theme of learning and education. They were explicitly instructed to use the reflective
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transformative design process, then in its formative phase. One of the projects was ‘Ennea’
(Figure 8), a system of products to support tutor classes in high school, the other example was
‘Sense six’ (Figure 9), a system that supports learning in action of extreme sports. Particularly
interesting in these projects was how the students had different approaches in using the
reflective transformative design process to quickly create insight in the design problem at hand.
The first group iterated between analysis and the creation of a vision to direct their design
process. From there they started their ideation process by means of the creation of quick
prototypes after which they validated their findings by means of co-design sessions with high-
school students. The second group of students took a different approach: they started by
making experienceable prototypes and iterated between doing and the creation of a vision.
They went on to validate their approach by visiting skate parks and finally grounded their work
in theory. While we realize that this text provides only limited detail, this example corroborated
our assumption that a design process is needed that is as versatile as the designers that use
them.

L al

Figure 8. Ennea

Figure 9. Sense six

The assignments and modules are specially tailored and designed for the profiles of our design
students. We give two examples. Designing intelligent products, systems and related services
require the designers to be able to integrate technology in their designs. Among other skills,
programming is the key for the designers to prototype and experiment with the intelligent
behaviors. However most of the design students do not have inherent affinity towards
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programming and electronics. In the assignment “Creative Programming for Designers”, the
AdMoVeo robotic platform (Figure 10) is designed purely for the purpose of teaching the
industrial design students basic skills of programming (Alers & Hu, 2009; J. Hu & Alers, 2009,
2010). Moreover we aim at a platform that motivates and encourages the design students to
explore their creativity with their passions in graphical and behavioral design, which in turn gives
them spontaneous and intrinsic drive in learning programming.

Arduino  XBee '
/ Sound sensors

o

—— LED's

Buzzer
j—

Distance sensors

Line reader

Figure 10. AdMoVeo robot for teaching creative programming

The other example in tailoring the content for design students is the Master module “UML in action”.
When designing product behavior, the designer often needs to communicate to experts in computer
software and protocols. In present-day software engineering, formal specification methods such

as the Universal Modeling Language have been widely accepted. Teaching design students these
formal methods is non-trivial because most of design students often have difficulties in programming
the behaviors of complex produces and systems. Instead of programming, we use a technique,
namely “acting-out” (Figure 11), for design students to master the formal methods. The experience

shows that acting-out not only worked out very well as a teaching technique, but also showed

the potential for bridging the processes of industrial design and software engineering (J. Hu, Ross,
Feijs, & Qian, 2007).

Figure 11. Acting-out in learning UML

4.3 Workshops
Workshops are short activities intended to introduce particular topics that help students
develop their competencies within the context of their project.
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Workshops are comparatively short learning activities. Their size may vary from a few hours to a
full day. Workshops provide students with an introduction to various topics, for example
information brokering, design processes, reflection, group dynamics, creating a showcase,
mathematical modeling, electronics or a theme-related topic. These introductions are meant to
initiate and support students’ competency development within the projects. Workshops can
also provide students with specific expertise, either linked to a particular competency area.

4.4 IDentity weeks

IDentity weeks are ‘vertical’ activities for all ID students. In these weeks students’ activities
focus on their personal development, on their learning and development process, and on their
overall competence of designing. ID weeks occur three times per semester: at the start, halfway
and towards the end of the semester. The first ID week is intended for students to reflect on
what they have achieved the previous semester in terms of overall competence of designing and
their vision as a designer. In order to do so, they review their previous showcase and assessment.
They include the outcomes of this review in their Personal Development Plan (PDP) to
determine or adjust their long-term goals for their growth as a designer. In the ID week halfway
through the semester, students start with their showcase for that semester. They reflect on
what they have achieved in their learning activities so far, as related to the goals they set in their
PDP. They relate this to the competency areas and select the deliverables that illustrate their
competency development best. In the ID week towards the end of the semester, students
essentially repeat the process they have gone through in the second ID week. They reflect on
what they have achieved in all their learning activities. They select the learning evidence that
proves their development best. They process reflections and visuals in the past, present and
future dimension of their showcase.

5. Concluding Remarks

Ten years after the department started, we have now more than 550 students, both Bachelor
and Master, and around 80 staff members involved in education. The department has been
facilitating students to become professional designers. Our graduates distinguish themselves
from other designers in various ways. They design interactive and intelligent systems are life-
long and self-managing learners, develop their expertise and identity continuously, and
contribute to building communities at the intersection of design, engineering and science. Our
competency-centered model, including both the competence framework and the reflective
transformative design process, plays an important role in facilitating the education, which is not
only unique, but also makes the offered education very competitive.
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