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ABSTRACT Effective Teachers[8]?, and the National Education

This paper reviews anektend educational principles from  Association (NEA) B9)®. As we might expect, the students
recentlearning sciencesiteratureto address the nuaet  this education system finds to be OexcellentO are generally
needs of creative design educatitie have performed a particularly good at following instructions, at working
variety of ethnographic and qualitative research activities,within the system and not makingaves #3]. A creative
including interviews with design students and learning field, by contrast, needs people who excel at making waves:
experts, as well as reflecting on our experiences as desigat questioning whether instructions are worth following, and
educators and pradtners. Our findings identify  at seeing whatOs missing, and asking wt8]. [These
opportunitiesin the areas othe classroom environment, behaviors are often digptive in a K12 classroom, bog down
learning objectives, formative strategies fatudent  lecturestyle undergraduate coursework, and are antisocial in
achievement, iterative learning, asdggest the value of an cultures that value group cohesion over individual2g, [
adaptive interface between objectives and learning26, 28]. Newertheless, research suggests that successful
strategies. Wehereforepropose a newnodel of reflexive  people must be able to integrate the analytical thinking they
learning to both improve design education and support were taught in school with two othehinking styles:
creativity andself-leadershipn studio desigrpractice. creative thinking which they may have left behind in
childhood, andpractical thinking which will help them

Author Keywords ) -
Y operate in an often messy and illogical wor8][

Designeducation, creativitytransfer, feedback, motivation,

praCtice, IKIOWledge, ﬂuency, integratioformative failure University programs Seeking to graduate excellent
ACM Classification Keywords designers who can be successful in the world are thus
K.3.2. Computer and Information Science Education: €Specially charged. Their student bodies are alreadiedm
Curriculum; Literacy; Sethssessment to those individuals who would have enough interest in a

certification program to apply, and who must then score
well enough on standardized measures (and the associated
dysfunctional learning that comes with them) to be selected
INTRODUCTION for admission. If thee students are to succeed, universities
Education is challenging, and graduate education in amust cultivate an environment that gives students
creative field is even more challenging. In many ways, unprecedented access to their creative, wasking,
students are set up to fail by the education they have beepractical, streesmart, and empathetic selves.

subject to all of their lives. The American-¥ school
system has chosen to cope with such issues as not enoug
good teachers and inadequétading by leaning ever more
heavily on quantitative evaluation students 36]. Laws
intended to increase the quality of education such akldhe
Child Left Behind Actof 2001 rely exclusively on
standardized testing to meas learning, despite criticism
and resistance from education experts including thez
International Reading Association (IRA)5", Measures of

General Terms
Design

mong the numerous issues unique to design education at the
iversity level are the following: (1) Many of the best
university faculty are highly creative people, since it takes
courage, conviction, and a certain directed whimsy to push the
envelope and extend human knowledge. Unfortunately, in
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addition to the selecin biases described above, being creative TEACHING CREATIVE DESIGN IN THE CLASSROOM

can make it very difficult to teach creativity and remember Creativity is generallydefined any behavior that leads to
what it was like to be a beginner, since creative styles arédeas or problem solutions that are original in a given
diverse and learning is highly contextual. (2) Creativity is very culture or cultural contextl[ 33]. For our purposes we will
difficult to evaluate and easure using traditional quantitative consider creativity to be a cognitive mecisam performed
means 10]. (3) The creative process is opemded and re by an individual learner, as described by Dewéy],[
sistant to regularly scheduled class time, assignment deadlineg|though networks of collaborating individuals are also
midterms, finals, the whole semester system, 28;.16]. (4) capable of manifesting creative behavi@d][ The skills

In most university environments, research is emphasized (or dhat support crativity are broad, deep, and highly
least informally valued) over teaching3[ 18]. (5) Authority interconnected. They vary from purely internal skills that
struggles can & instructors to Okeep secretsO from student8elp peoplethink and develogheir own ideas, to external
(whether on purpose or not) to maintain their oracle status. (63Kills that may allow ideas to kexpressedinformation to
Leading any creative process requires teachers to be adapti@me in, or both siultaneously.

and resist prescriptive methods. This tactic requires facility
with a vast arsenaif techniques, many of which may appear
irrelevant to the instructorOs discipli{®.Most universities do
not provide resources for instructors to develop their teachin
skills, and those that do often stretch these resources
maximize their relevand® all disciplinesWe havelearned in
our work that nstructors in any field are notorious for self
selecting against advice which has been framed in gener
terms and not tailored to their discipljieis behavior is twice
as detrimental for instructerin the creative fields, where
counterintuitive techniques can égpeciallyvaluable

Many auhors have emphasized the need for teaching to
understand and address the unique creative learning styles of
every studentl[9, 23, 28, 34, 41]. Sternberg, for example, has
Yound through extensive research and live learning studies that
Quccess in the classroom, the workplace, and in life require the
balanced integration of analytical, creative, and practical
aterinking, while conventional education focuses almost
xclusively on analytical thinking alone. Meaching for
Successful Intelligendd3d], he lays out a series of component
skills for each thinking style as a guide for instruct@s
overview of which is provided in figure 1. The following
Despite the numerous challenges to creative education, w&ection builds on SternbergOs theory through a reinterpretation
believe there is a clear and insistent opportunity to examinef some of these skills to better support the needs of creative
education in creative fields, and particulanly fields that ~ education as evidenced in recent literature on design.
require the integration of both creative and technical Extending L earning Principles to Design Educatio  n
proficiency. Indeed, we hqld that the design of interactiv.e|n 2010 researchers at Carnegie Mellon University
systems would be greatly improved by an increased quality, pjished a book combining current research on education
and diversity of creative styles in the graduates of programsyith practical experience and guiding principles. This
in desgn education. In this paper we discuss the findings Ofresource, tittedHow Learning Workg2], provides a useful
qualitatiye research we have performed to collect primarysurvey of contemporary learning sciences research, a
information about what students and teachers experienc|early defined vocabulary of educational terms, and best
now, and leverage existing knowledge about the |eam'”9practices for creating na teaching university classes
process and goals for thinkis§ills in order to contextualize grounded in the state of the art. Given the comprehensive
these primary findings. We then draw conclusions about s re of this work, we will briefly summarize their

what the shape of design education should grow to be for thg.; mework below. HoweverHow Learning Workswas
betterment of interactive system design.
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Figure 1. Thinking styles and component skills (from Sternberg [43]).



written for a broad educational audience, and we feel thatl. Transfer

many of the assumptions that hold true for traditionak call Transfer is what allows a student to take an isolated fact
andresponse or memorizatidrasedmethods are irrelevant and apply it to a new context, internalizing the fact as a
or even harmful in a design education context. For examplegeneral principle. It is rarely obvious to the beginner
the book places a great deal of emphasis on instructorwhether askill learned in one context can be applied to
taking the time to dig into expert blind spots and uncoveranother, and it is the role of the instructor to help students
hidden structures of knowledge organization, with the make these connections appropriately and avoid misguided
assimption that the most valuable contribution of the connections. For example, the principle of the addition of
instructor is to reveal and convey these structures tdntegers applies to the addit of fractions, but only to the
students. One of the recurring themes from our research angumerator, and only when the denominators are equal. A
recent design literature, however, is the resistance of desiglack of transfer would leave a student at a loss at how to
to conform to such absoluterganizational structures. If approach the addition of fractions, and inappropriate
structures are to be employed, they are most useful on muctiansfer might lead a student to add the denominasrs
smaller scales: each designer might find a unique structurgvell as the numerators.

that works for them, drawing on their own pattern of
background experiences; itOs even likely that esmjecp
will respond best to a customized hierarchy drawing on the
available information, user needs, and the particular

personality of the design team. The instructor cannot in. t allows us to ask the question, OWhat if..?0 The use of
good conscience dictate to students which organlzanonaLnalogy, ambiguity, conflict, and paradxave been wek

structure is best, antiust instead lead and inspire students studied in creative fields (e.g20, 24, 25, 33)), and would

to find these structures for themselves. We find a S|m|larSeem to contradict the book®s recommendations of how

Eattgrn tl)n me;ny of thet Erlqglples coverﬁd mltthe bOtOk: Is"t]fse transfer should be guided by instructors. We could consider a
esign by nature must build on convention, It1S not only €y siqion taple of the choice to apply a concept or not in

instructorOs job to identify andremunicate conventions to appropriate or inapproptia contexts, as in figure 3. A first

stydents, buF also o estabhs_h the convention of breakmgevel understanding of transfer in conventional environments
with convention when appropriate values the application of concepts in appropriate contexts and
With this somewhat more abstract outlook in mind, we cannot in inappropriate ones. We have already seen how the
proceed to review the structures put forthHiyw Learning ~ OWhat if...?0 application of a concieptan inappropriate
Works Figure 2 sen&as a brief guide to the most important context results in creativity. Contrariwise, the ability to make
concepts and how they relate to the goal of student learningobservations with a fresh miNdto consciously omit
These concepts are: (ttansfer, (2) knowledge organization ~ concepts in their appropriate contdkts extremely valuable

(3) motivation and value(4) feedback (5) studentsO prior in a creative environment, while in conventional
knowledge and (6)practice, flency, and integratianOur environmets this behavior is considered to indicate
analysis provides a brief description of each concept agncomplete understanding. In this way, creativity and design
presented by the book, and discusses how the concegducation is positively focused on the blocks in the decision
engages with creativity and design education specifically.  table which conventional education eschews.

When we speak of creativity, transfer takes on a whole new
meaning, and inappropriate transfer nearly ceases to exist. The

application of concepts in contexts where they donOt belong is
one of the most powerful tools in the destgolbox, because

2. Knowledge Organization
%M"‘UZFL‘L”"“ Beginners form spaesrelationships between facts, often
because they are not yet familiar enough with the material
f”j's to do more than rote memorization. Experts form dense

structures of their knowledge that allow them to navigate
complex relationships with ease. Experts mighdée u
| . . . . .
ssHELAE )dF hierarchical structures or webs, depgndlng on the situation,
v v and this decision is rarely conscidumost experts use

Feedback

informs ———> Progress

i

Prior Knowledge initializes ——»f Student!g l«— broadens Transfer mU|t|pIe structures at WI”
Understanding
¢ illuminates, ‘l‘ Context = Appropriate Not Appropriate
leverages General Principle
repre‘sems Environment — Conventional Creative Conventional Creative
T 1

Apply Correct Boring Incorrect Creativity

Practice [ develops —»| Fluency Integration  |<— g;apl;eci — O’?;':‘A‘:';“:E; %

(6} L | Don’t Apply Incomplete Investigative Correct N/A

Figure 2. A structural map of the learning framework Figure 3. Decision table for the application of transfer in

proposed by How Learning Works|[2]. conventional and creative environments.



In design, knowledge organization is most relevant to building 4. Feedback

an awareness of design processks3[]. How Learning  Feedback gives students an opportunity to verify their
Works proposesseveral activities for instructors to use to knowledge externally. Formative feedback helps students in
expose studentsO knowledgganizational structures, high the present, and evaluatesawfa student is doing now or
light OcorrectO relationships and hierarchies, and encourag#ans to do next. Summative feedback helps students
students to use multiple structures to organize what theyetrospectively, and can only be applied by the student if
know, but we feel that the creative classroom would bestthey encounter another situation they can identify as similar.

employ such techniques on the dgrealtime responseto Distinguishing formative from summative feedback

student needsCross has observed that often OdESigner%xp&iences highlights one of the sestial challenges of
deviate from a structured plan or methodical process intocreativity education. To truly encouraghe necessary
the Oopportun_isticq pursuit pf issues or parFia! solutions thagsign culture of forced fast failre, iteration, and broad

catch the designerOs attentiol.T) puch deviations f“’.”.‘ endeavors, instructors must be involved with studentsO
top-down approaches have been shown to be cognitively

: ) progress at very earlgtages. e epitome of summative
advgntageousZ[i], especially N the context of realorld feedback, the final grade, doasthing to help the student
design problems such as creative educadof].

direct his or her own learning. Only formative experiences
3. Motivation and Value can lead students to lead themselves. Because the intensity
To hold studentsO attention, instructors must be aware of whaf involvement requed of the instrur in formative
motivates themHow Learning Workgresents motivation as a feedbackis so high, there is an opportunity to distribute
combination of two key elements, value and expectancy. Asome of the load to the community. A classroom of students
task could hold intrinsic valugure enjoyment), instrumental can generate far more feedback than a single instructor, and
value (a means to an end) or attainment value (pride ofvith appropriate guidance or moderation the instructor can
completion) B]. By modifying the presentation of material, an leverage this wik to further both the learning of the student
instructor can highlight its value to students to help motivatebeing critiqued and the confidence and independence of the
them. If thevalue of a task is not evident, students may not seestudents offering feedback.

any reason to do it. Expectancy is about whether or not
student expects to succeed at the tak 47] Objective
expectancy is whether the dant understands that by fulfilling
some set of requirements, success is physically possible. If it

%. Students® Prior Knowledge

Prior knowledge can be helpful or harmfilow Learning
orkshighlights that no course an@ assignment is taught
a vacuum: it is essential for educators to be aware of what

not bother. Efficacy expectancy is more personal, and i
whether the student believésat he or she specifically has the
skills and resources necessary to fulfill those requireméhts [
If a student doubts his or her own abilities, tihegy assume
failure is unavoidable and not bother.

St if possible to create better, denser knowledge strucgtures
facilitate student motivation bigndng value tothe material

and identify and repair instances of inappropriate,
insufficient, or inaccurate prior knowledgeThe book
describes several methods for revealing the prior knowledge
A common tenet in desigis Oform over content,0 and the that students come in with, from talking to instructors of
design classroom tends to operate on the same principle. THererequisite cowes to having students brainstorm in class
trouble with objective expectancy is that a design challengebefore instruction is provided. It is also critical to separate
need not be physically possible to be a useful exercise. Aleclarative knowledge from procedural knowledge:
recent final project of an innovative argiture class at the frequently, students will be familiar with terminology but
University of Innsbruck, for example, was to plan the robberynot with the processes those terms regme®r when they

of any nearby bank4]. While execution of the plan wasot are relevant{, 44]. Finally, even if students are known to
required, students did need to present somethlagsible, have prior knowledgethey may notutilize their existing
motivating theirengageent withresearch, ideation, analysis, knowledge in new contexts. To create transfer in this area,
documentation, and developing time and cost plans. Studenigstructors must activate prior knowledge by explicitly
were encouraged texamine and exploit the weak points of drawing connections and reminding students of the
their chosen bank, with the objective @tealingGssets like  relevance of what they already know.

time, space, image, future clienslectric power, etc. One
studentplannedthe theft of a ballpoint penhained to the
counter in his target bank; another designed a mechanism
waste the bankOs time, effectiviigving significant sums of
money. As this example demonstrates, the gadl the

In design, prior knowledge and knowledge organization are
closely related1]. Where kowledge organization is about
tffesign process, prior knovdge is about building an
awareess of design content. Engaging students in an
-7 ) informationpurging activity early in the course can be an
creat_|V|ty educator is no.t to show students that tasks ar%ycellent way to both identify studentsO prior knowledge of
possible, but to frame assignments so that whether the tasks 1N topic and build students® familiarity with exhaustive

pocsjsmlle no IIO ?g?r ?ﬁers' The rerlnalnlfrjg topics 'r:jmqgvat'fonorainstorming activities. Students are often unaware that the
and vajue relate to flov B, personal confidence, and pride o experiences of their entire lives are relevant to the choices
quality, which are all directly relevant to the practice of design.



they make as designers, and may need repeated promptingtendedto help students build. Thisnalysis resulted in a
to use this knowlkdge with confidence. Getting students in deck of 44 skill-related verbswhich were then grouped
the habit of being aware of what they know is also anbased on affinityFigure 4) To validate tksegrouping,
important component of the sealfvareness necessary for we worked with twoadditional studentswho had recently
selfleadership. completed bottcoursesand allowed thento come up with

6. Practice, Fluency, and Integration alternatepossibleorganization®f the skill deck.

Much of the proficiency we hope to give studengpehds

on their ability to do more than one thing at the same time.
Multitasking and integration require a certain degree of
fluency in one or more skills, that is, to be able to do them

critique

question
divide
destroy

sketch

create
prototype
visualize

extract
abstract
synthesize
connect
integrate

re! ect
need'nd

triage
delegate
scope
frame
constrain
lead
delineate

initiate
look
explore
follow
immerse
engage
read

ideate
brainstorm
combine
collaborate
permit
expand

articulate
justify
pitch
compel
realize
communicate
describe

effectively without having to concentrate. Fluency is
developed usingtargeted practice. Good qualities of

practice opportunities include having a specific goal, Figure 4. Pool of skill words from the BID and CDF courses,

limiting the scope of the task appropriately to allow focus  ysed in skillsort activities, in their initial affinity grouping.
on the goal, and having sufficient time arepetitionsto . . .
build familiarity, routine, and reflex. Eaabf these factors While both students came from design backgrounds, their

should be sensitive to the ability level of the student, with @rangement of the skill cards varied dramatically. One
the objective of targeting the student®s flow zone. student focused on the differences between skills of

craftsmanship and skills of thinking or feeling, and the
Many of the activities associated with creativity assume adifferences between indiviaili work versus collaboration.
high degree of fluency, partitarly in seltawareness and The other student focused on the differences between
commurication. Speed practice in drawing, brainstorming, atomic skills (e.g. rendering, synthesis, analysiahd
and concept generation can help get students to a plad@tegrated skills (e.g. leadership, advocacy, subversive
where greater abstractions and connections can beesignthat result from deep experience with combinations
manipulated. However, instructors ositdd be careful to  of lowerlevel skills. We used this data tinform our
target pratce in the areas students wilked for their  understanding of knowledge organization in the design
assignments: developing studentsO fluency in skills thegomain, suggesting that designers need not subscribe to a
donOt use, while leaving them adrift in skills they single or fixed set of knowledge hierarchies, and likely
desperately need, will surely devastate whatever trust hagenefit from developing their owknowledge structures.

been established in the instructor. . : . . .

Interviews and Discussions with Education Experts
METHODOLOGY In-context interviews were performed with two
A variety of quantitativeand ethnographic techniques were individualsN a former art student at our university who had
used togather and synthesize data that would allow us tostruggled in her undergraduate program, and a learning
defineand contextualize the space of design education, an&ciences researcher aedpert on teaching and classroom
identify recommendations for its implementation in the educatioM with the aim of synthesizing areas of design
classroom These includedtructured brainstormsraditional opportunity in creative education. The intent of these
interviews, caresorting activities, and public brainstorms interviews was not to perform a rigorous cultural study of
as described in the following sections. design education, but rather to inspire our desigeareh
process, ground some of our hunches empirically, and
Our first research aivity involved a review of the design €Xplore some of the topics in the literature we had surveyed
curriculum in our university®s HamComputer Interaction Py €xamining the effect in a OreahorldO qualitative
department. Wo core classes comprise this program, which €ontext indepth. An operended interview protocol was
is required forall HCI Masters studentandthe majority of ~ US€d, and our sessionsreeecorded using digital audio. We
PhD candidates. The two classes afemmunication focused our inquiry on understanding the motivations and

Design FundamentakCDF), which covers the essentials of CONCerns involved with design education. Interviews were
visud design for both pr,int and the screen (including then transcribed and then coded using an iterative, grounded

typography, color, information hierarchy, composition, th€ory approach 2P], and synthesized, along with the

etc.), andBasic Interaction Desigr(BID), a studiebased flndlng_s of our other gct|V|t|es, to determine areas of
and collaborative projeairiented course in which student Potential design opportunity.

teams design mobile antdbiComp sytems addressing Interview 1: Disillusioned with Art School )
reatworld needs. One of this paperOs authors is a graduat®Going to school for art was one of my worst ideas ever.O
student in this program who had recently taken both classe
and the other is a professor who has taught them both.

observe
empathize

Curriculum Review and Synthesis of Design Skills

S'I‘he first participant we spokedo is a video artist now
struggling to feel like she has marketable skills. She
We analyzed the assignments and activities from BID anddescribed always having had diverse inteféstsaddition
CDF, labeling each with the set of Ocore skillsQvas to art, she is passionate about math, biology, and



computindN but felt like she didnOt have much chance tolnterview 2: Eberly Center for Teaching Excellence

explore thatdiversity in the college art curriculum from

One of our main resources in pursuing this work was the

which she recently graduated. Without a network of Eberly Centerfor Teaching Excellencat Carnegie Mellon
prerequisites to draw upon, she found herself stuck inwhich aims to Odistill the research on learning for faculty and

introductorylevel normajor classes wherehe felt that
questions and discussion were culturally stigneal and
Omplied you were stupi® She found herart major

graduate students and collaborate with themesigih and
implement meaningful educational experienced®) The
center offers workshops, private consultations, and resources

community, while more empowering in its perception that to instructors to help improve teaching at the University.

such participation indicated passion in a top@as
neverthelessomehowmoreinsularand elitist SheOd hoped
to go to art school to be khto explorediversepossibilities,

but most of the ideas she saw from students and facult

were art about arfar more OmetaO than she had hophd

was frustrated by the amount of time spent on require

courses that she didnOt feel were doing her moet and
struggled with the learning environment.

To see if we could better articulate the conflict she felt
about her coursework, we made an affinity diagram

togetherduring the interview that containéde elements of
her curricular experiences andelibs an artist that she felt
were important,both positive and negativeAfter several
iterationstogether a model wadevelopedn which art and
art education has thremain componentsSkill, including
practical experience with tools, techniques, andwsok
Voicg including activities that extend a student@tstic
horizonsand develop intentand Context which makes a

We spoke with DrMarie Norman Associge Director. She

frequently offers consultations to instructors looking to

improve their teaching skills, and as an educator of educators
e were particularly interested in speaking with her as a
rimary source. In many ways we view instructors as the

P s !
OIprimary Ouser groupOf/audience for this project, since we will

depend on them to implement our findings in practice.

Dr. Normanindicated thatthe workshopsoffered by the
Centerare attended byhree types of peopléorandnew
teachers, teachers who are frattd, and teachers who are
already passionate about their teaching and seek enrichment
rather than assistance. The primary challenge with
workshops is withthose frustrated teachers looking for a
Oquick fixO to solve a classroom problem they might wish to
see as simpleDr. Norman stressed thapoorly understood
quick fixesoftenonly make classroom problems worse.

Dr. Normandescribed heEberly Center teaching work as

student aware of the connections between her work andnuch harderthan her work teaching undergraduate and

larger communities of practice, including history, grant
writing, reputation,and collaborationin our participantOs
view, these components all feed intmne amther in
different combinations to help inform, explain, and justify
successfuprojects.

After developing tls model, wealso had our participant
performa card generatiorand sorting activityto catalogie
her QikesO and Qvishe® about her university experience.
This Ol like, | wish@xerciseis a way ofhighlighting both
positive and negative aspects of user experi¢adester
further effort and creativity, and was insgd by George
Princeds creativity researdh the 197G [38]. An affinity
sort of the cardddentified the following opportunities
which she felt would have greatlgnhancedher under
graduate education

¥ Improve and bcus on wrldly participation and inter
personal interactions

¥ Diversify feedback and evaluation

¥ Help resolveor address conflicting needs hieraieh

¥ Redirect negative energgto positive pursuits

¥ Highlight the joy of learning and deep thinking

These findingshelped us identify how students could be

graduate studentShe said that nsb teachers are listening
only for content that seems to pertain most closely to their
problems, to the point that anything not specifically tailored
to their department or topic of instructionlasgelyignored.
Teachers presented with new techniquesften wonOt
generate or work their own examples to tingm out, and
well-executed examples must be provided if teachers are to
see their value. She said there were two ways to best reach
teachers: motivate the value of the material by linking to
teachersO aowclassroom frustrations, and recognize that
many excellent researchers expect to be equally good
teachers of their topic, and are surprised and dismayed to
find thattheir teachings failing.

It is convenient to highlight here the apparembrvasive
phenomenon of an instructor being a strong researcher but a
poor teacherlt is a common perception tassume that
experts can teach without additional training. Without such
training, however, we believe that universitiead up with
many poor teachers, w@ng standards drop, and there is
little perceived institutional need for adequate training
especially given the researdhiven financial structures of
many modern universitiefRResearch is more lucratite a
universitythan teachingto be sure, but ith better teachers
they wouldcertainlyeducatebetter researchers with deeper

invited to cooperate in motivating their own learning to @nd more nuanced understandings of their fields.

create a positive and productive educational experiencepr. Normanhad many recommendatiomslevant for our
This information was incorporated into our evolving model research but the ones that seemed most compelling were

of design education.

those that had heled her personallywhen teachingher



classes. Like many instructors, she recognizes the value cdn attempt to align wellinderstood modsl of general
group work but struggles with how to evaluate studentsclassroomeducationwith the targeted case dfreativity

individually. Thestateof-the-artin process evaluations for
group work is poarPeer evaluations aremmonly used,

butarerisky given unknown social factosich as jealousy,
etc More interestingDr. Normanfelt, was the prospect of

educaion in design.We learned a great deal about what
guidelines transfer directlypetween these domajnwhat
guidelines transfer with some modification, and what guide
lines must becompletely rewritten.Our final synthesis

having students do regular reflections as a sort of self summarizing all of the data described in the studies above,
assessment. Having students list explicity what theyresulted in the extraction of seven key opportunities for
learned ad what they would do differentlgan help an creativity educatorsThey are

instructor place thenn the best situation for personalized
learningwithin the classcontext. leading promptsan be
used to subvert some of tpersonality types that araore
difficult to assesssuch as theexcessively shy and the
excessively bossy.

¥ Structure core content in clear and easily digestible ways.

¥ Chdlenge students to wrestle deephith problems of
appropriatdevek of difficulty

¥ Tune instructional activities in response to transparent

10-Minute Reflections learning objectives.

The reflectionbased evaluations suggestedty Norman
inspired us touse personal reflections as a general
mechanism for seliwarenessand learning We quickly
prototypel this idea by having two graduate students
enrolled in our HCI Masters prograwrite, draw, or build
such @flection® for 10 minutes a dayfor one week,
based orprompts randomly drawn from a deck 30 we
constructedrom severalsources ofntrospectiveactivities
[13, 32, 42, 43]. Reflection prompts varied from concrete
questions like, What kind of person is a good leader?
Describe the qualies he oshe should hay® to
brainstorming warrups like, @/rite about all the uses for
the safety pin that you can think,0fto the more whimsical,
Omagine that you and your classmates are rabbitkk Ta
about a rabbitOs typical dap@r testers were sedieleded
volunteersfrom ourdesign researclaboratory, and enjoyed
the activity, but wished the prompts could have been
targeted to develop a particular skill or awareness area as
sort of preparationfor the rest of their worlthat day This
feedback suggés an opportunity to study the use of short
reflection activities more closely to determine their
effectiveness as a more focused learning tool.

¥ Help students commit to leading themselves efficiently in
a scaffolded environment.

¥ Structureactivities that force critical reflection.
¥ Cultivate a passion for rigorous design excellence.

¥ Build a respectful and supportive (trusting) community
by celebrating differences in a reduced risk environment.

These opportunities span the entire classroomanhyc,

from curriculum development and assignment selection to
the structure of evaluations to the interactions of the people
in the classroom, students and instructors allach class

of students is differenptand each student in that class has
varying prior knowledge and awareness of that knowledge
A class full of students who all have extensive backgrsund
in the visual arts may not appreciate a detailed tutorial on
basic perspective drawing. A class full of students who
gave been computéround for yars, on the other hand,
may be desperate for someone to show them how to draw a
straight line with a pen. The instructor has the advantage of
experience, and can and should leverage that experience to
look at the students and determine what is needed.

In all educational environments, the best instructors are able
to respond to their students and tune each classroom

Olikes® and OwishesO about the creativity coursewo‘?gpe”ence to the needs of the particular group. In creativity

environment abur university,including our perspectives on ~€ducation this trait is essential. Where many disciplines can
the CDF and BID courses described above. An initial deck of2€ considered tbe about correct answers, creativity is about

110 likes and wishesas generateftom our own reflections, process and confidence exploring alterngtives. Wh_ere other
and an additiomal 84 were provided by a pool of graduate d|SC|pI|nes can help studgntg develqp skills bY having them
students interested in the design research activities of oufellow instructions, creat|V|ty.|nstruct|on .mgst find a way to
laboratory (drawn from a more comprehensive set of data @Waken studentseltleadeship and conviction early on. By
described if{18]). We iteratively synthesized the deck using W&y Of conclusion, we will discuss these and other learning
affinity diagrams,and leveragedour findings from the objectivesthat are particularly important for creative fields.
literature and ethnographic stes described abowe inform Ve Wwill also identify how they shape the types of course
the resulting groupings. Identified opportunities and their activities that are most appropriate, ahe types of feedback

implications for creativity education are discussed below. ~ and attention instructors must be prepared to give.

DISCUSSION

In this project startingfrom a small body of published
knowledge and guidelines for successful education, w
synthesized our own experiences in creativity and desig
education as well as those of students in our discipliine

| Like, | Wish, Brainstorming, and Community Synthesis
As a culminating activity & created ¢éargedeck ofpersonal

Reflexivity in Teaching and Learning

Achieving a responsive teaching environment for creative
ceducation requires the combination of two central factors:
{1) instructional reflexivity that is, the ability of the
teacher to listen and react to the needs of the individual



students and class as a whole, and (2) strategies foaspects of learning. Students will need to learn to prepare for
OforcingO critical reflection on the part of the students, ocritiques, forcing them to format their ideas for outside input
what we refer to akearning reflexivity and encouraging deeper thinking about how concepts and
presented artifacts fit together. This requires drawing on
basic communication skills, as well as the deeper thinking
required to consider hovheir work fits together as part of
gn integrative whole. In this regard, the development of a
compelling story can lead students toward passion for design
excellence, and requiring a variety of orallvisual
presentation formats can drive the developmenbadic
speaking and visual expression skills. Receiving criticism on
their designs will force students to remove ego from their
ideas, and identify holes in their process or presentation
orRethod. Instructors may guard against defensiveness by
CBjsing an openidactic strategy of sharing ideas among an
entire class 17]. Generating criticism in redlme requires
students to rapidly identify how the specific events or facts
in the project line up with their existing understanding of
broad principles and learning objectives. This facilitates
transfer ], helps crosdink concepts, and increases fluency
'and flexibility with the presented material. Finally, student

Instructonal reflexivity, the first goal, requiresvareness

of studentsO skills and mindsetapping into what we
already know about diagnosing prior knowledge, formative
and summative assessments both formal and informal, an
the notion of students® values amativations[2]. It also
requires achieving a deeawareness of learning objectives
at several levels of detaiwhereOdepthO of knowledge is
generally synonymous withhow differing facets of
knowledgeinterconnect(i.e., knowledg organizatiof and
why theyOre importanwith these two fundamentals in
place, assignments and activities can be selected to supp
learning objectives and function in tandem with students
values and motivations. Expressing and clarifying assign
ment equirements productively is also esseniialprder to
direct student focus to learning objectives which may be
significantly more abstract than completing a checklist.
Finally, teachers must be willing and able to take risks, i.e.

sl.ash .the s_ylll_abu.s iit isnOt working, angl dr_op.planned student feedback interactions can also be tsehtaw on a
didactic activities in favor of spontaneous inspirational ones . . . . )
supportive community, and if done with the right sort of

as they strike. This in turn requires an informal awarenes3ensitivity, can help create it. Because critiques involve risk
of studentsO mindseteshich may need to be assessed Y P ) d

distinctly from other aspects of student penfiance tak|_ng by bOth. authors gnd aud|encg, bundmg. a supp.ortllve
environment is essential for creative learning. This is

Learning reflexivity, the second goal, is not entirely in the especidly true since risktaking behavior is unconventional
hands of the educator alone. Critiques are an excellenin most OseriousO educational environments, and most
example of how learning reflexivity can support multiple university studentd and particularly those in the most

/.

Structure core content
in clear and easily
digestible ways.

1. LEARNING ENVIRONMENT

4. \nstructional Re”e’(ivity

Tune instructional
activities in response
to transparent
learning objectives.

-

2. LEARNING
OBJECTIVES

Help students commit
to leading themselves
efficiently in a scaffolded
environment.

Cultivate a passion
for rigorous design
excellence.

3. FORMATIVE
STRATEGY

Challenge students
to wrestle deeply with
appropriate challenges.

Structure activities
that force critical

® reflecon. /<G T~ "=/~ == = 6. ITERATIVE
S. Learning Reflexivity #i@%’\d}gﬁ
FORMATIVE

Build a respectful and supportive (trusting) community FAILURE
by celebrating differences in a reduced risk environment.

Figure 5. The Reflexive Learning model for design education: (1) establish a community of teachers and learners who support,
respect, and trust one another, and who celebrate their differences; (2) define learning objectives; (3) develop formative
strategies that will provide foundational skills and engage the community to their end; (4) employ instructional reflexivity to
examine learning objectives and, in the context of the community and its progress and nature, tune formative strategies
transparently in real time; (5) provide opportunities for students to experience learning reflexivity and determine whether their
performance is accomplishing learning activities; (6) iterate to educate through formative failure.




competitive school$ are likely to have been subjected to
large dosesf conventional educatian the past.

Proposed Model for Design Education

Combined with the opportunity findings from our research
identified above, thenotion of reflexivity in teaching and
learning forns a framework for supporting creativity and
design educatiothat models theclassroom and the people
and behaviors it containkigure5 contains a visualization
of this model,which we refer to as thReflexive Learning
model| described in greater detail below

We first establish thelearning environment(l) as a
community of tachers and learners who support, respect,
and trust one another; who celebrate their differences

Together the community fosters a space where th X
9 y P izjentlfy the excellent onedf students are to learn fally

perception of risk is reduced, and all members can exten
their limits with the goal of developing sédfadeship.

The ability to perform assessment, evaluation, and critique
are all essential skills for each student to develop both
individually and as a member of a group.

In conclusion, eflexive activities are the engine afesign
learning. Building personal habits of flection as a
sustained activitcombiningdoing and thinking should be
the ultimate goalof educators in desigf21]. These skills
require Oright mode®yntheticand Oleft mode@nalytical
deftness in equal nasure: to first generate concepts that are
broad enough tencompasshe boundariesof the solution
space, and then select the optimathtegyfor addressing
the task andhe context at hand17]. A side effect of tfs
Qyenerde-thenpruned procedureis the necessity of
producing ilHitting ideas\ failed idead in order to
explore solution spaces, they must become comfortable
with failure as a necessamgnd desirablepart of design

Given this learning environment, we place two spheresprocess [37]. Facilitating this comfort means placing

within it: learning objectives(2), and the formative
strategies (3) that will provide foundational skills and
engage the community in the pursuit of their objectives.
more detailed study ofofmative strategieshat are both
suitable for students and accessible to instrudsoastopic
of interestfor future work.

Two different reflexive processes connect the two spheres
modulating the diffusion of information from one to the
other. Instrucional Reflexivity (4) is employed by

instructors to examine learning objectives and, in the

studentsin an environmenthat actively supports failed

ideas rather than punishing them. In this way reflexive
learning as the core of our modshapesthe learning

environmentin turn the classroom must be a place in
which it is safe to be risky and risky to be safe. We find
these formative failures to be so important to design
education that we call them out specifically as a product of

our model; indeedthey are the onlythings that make
successful design education possible.
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