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ABSTRACT knowledge stay static on paper.

Design is a complex process which requires severaKEYWORDS
tools, knowledge and procedures in order to be suc-, . . . . . . .
) . - Design, engineering, engineering education, innova-
cessful. Although technology provide designers with LS . . .
. on, creativity, freehand sketching, CAD, design fix-
new and improved tools, those tools should be place<t7J . .
. . . . - ation, toy design.
in the right stage during the design process, otherwise
they could have negative effects. For example, cre-
ativity and innovation not necessarily require high-tech™ INTRODUCTION
tools to be boosted, and literature suggests that engbesign is a complex process which requires and relies
neers are lacking knowledge on such basic tools as freen several tools, knowledge and procedures in order to
hand sketching. Also there is previous work showingbe successful. Although technology provide designers
how Computer-Aided Design (CAD) — under certain with new and improved tools, those tools should be uti-
circumstances — can affect negatively the design outlized in the right stage during the design process and de-
come, especially affecting novice designers. This pasigners should be aware of the tools characteristics, ca-
per presents how we redesigned a CAD and prototyppabilities, limitations and advantages. If designers are
ing course at Purdue University in order to offer a bet-naive about how tools are affecting their way of work-
ter framework for design, creativity and engineer. Ouring and thinking they could restrict instead of facilitate
intent was to use principles of design thinking and cre-the designers activity.

ativity inspired from industrial design and toy design .\ . o 4 oo aratire pointing problems related
approaches to transform what was previously a coursgv. O PC g pro S
with conceptual design in engineering, like design fix-

on CAD modeling, to a course on toy design, while at” .~ ™. . . ;

the same time not losing focus on CAD. The approachatlon’. mappropnate using of computa'tlonal tools, lack
used in the previous format of the course is explainedOf training, etc. We also found that literature already_
followed by the changes made in the course and thg uggests the way to overcome these problem_s, bu_t It
theoretical support behind them. Facilities and other re>Cems that such suggestions have not been widely im-
sources utilized are discussed. A discussion of the ne‘BIemented.

main modules included is provided. Since the work isThis paper presents how we redesigned a CAD and pro-
still in process, preliminary observations and conclu-totyping course at Purdue University in order to offer
sions are presented. Some observations are in agrea-better framework for design, creativity and engineer.
ment with conclusions from other authors work, im- The objective is to give students with a framework to
provement on students approach to the design procesisicrease their innovation and creativity while design-
Improvements to be implemented in the near future aréng the toys, which in turn are their mean to apply their
discussed. An remarkable conclusion is the importanc€AD skills. Our intent is to use principles of design
of study and apply the insights from prior art in order to thinking and creativity inspired from industrial design
obtain the benefits of those efforts, and not just let thatind toy design approaches to transform what was pre-
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viously a course on CAD modelling, to a course on1.2. Literature review
toy design, while at the same time not losing focus on

CAD There is plenty of available literature about innovation,

design sketching and CAD. Freehand sketching is a
well-known and important basic tool for engineers and
designers as stated by Ullman [36]. The importance
of sketching has been established early, both from the

Design is a gradual, iterative process, often beginning?@int of view of technical drawing [8], and from that
from ill-defined or wicked problems [32], which are de- Of graphical communication [1]. Back in the 1970s,
composed and integrated in turns to lead to one of man)CKim articulated his thoughts about visual thinking
possible solutions. Early design, therefore, is a spacd! Nis excellent book [22], which contains a rich collec-
that is unstructured, loosely bounded, and has the richion of guidelines, suggestions, and insights regarding
est potential for creative solutions. While it may not Idea-sketching.
be feasible to perceive the entire design space of poesign fixation is a common issue that inhibits in-
sible design solutions, generation of a high number ofhovation. Purcell and Gero establish different kinds
concepts would expand the designers perception of thef fixation, and contrast the barriers to innovation be-
space. This exploration of the design space is critical taween mechanical engineers and industrial designers
the development and quality of the final concept that is[30], stating that mechanical engineers tend to get fix-
arrived at. At this stage, designers require a natural, inated on the underlying principles in the sample design
tuitive medium, both for thinking and conceiving ideas, solution to a given problem, especially if it is an in-
and to store any inspiration that strikes them as theyhovative solution, while industrial designers seem to
think. They predominantly use sketches and words oiconcentrate more on differentiating their solutions from
phrases to express, develop, and store their ideas [36fhat provided in the sample, instead of finding an inno-
This may be explained by research in cognitive sciencesative solution. They also argue that research in the role
that has suggested a strong connection between semagf sketching in design problem solving can be facili-
tic attributes and visual attributes [17], [29]. tated via cognitive psychology, in the area of short-term

_ ) _ ) _ and working memory. Their research indicates that en-
In mechanical engineering design, there has, in recent o4 imagery — a combination of sketches and actions
decades, been a high emphasis on using CAD as g..ompanying sketches — while not widespread in de-
_medlum. The reason for this is 'Fwofold_: flrstly, there sign problem-solving, seems to occur with particular
is a strong demand for CAD designers in the industry,jegjgners, or where creative solutions are found [31].
and this skill is perhaps justifiably viewed as important
by both students and faculty, with respect to industryFerguson discusses the risks of creating mediocre engi-
application. Secondly, CAD has come to replace tradi-n€ers, by training them to rely more on analytical skills
tional training in engineering drawing, and is now one a&nd tools, while having a poor knowledge of engineer-
of the primary ways in which engineers are expectedng basics, non-verbal tools and the art of engineering
to communicate their ideas precisely. However, using/]- Along similar lines, Ullman et al. point out —in
CAD in the creative early phase of the design processthe 1990s— that engineers are trained on drafting but
while aiding visualization and communication, often Not in sketching [36]. Twenty years later Linsey et al.
limits the exploration of the design space [33]. In addi- [20] make a similar statementtn general, engineers
tion, most CAD interfaces use WIMP-based (Windows, a&re not taught to draw, and their skill in sketching may
Icons, Menus and Pointers) user interfaces, necessita€ lacking”. Goel compared design activity performed
ing that the user learn the CAD software first, and learnWith freehand sketching and a computer-based tool, ob-
to use its features to generate a visual representation ¢fining favorable results for sketching, especially on
a design. This increases the time and effort invested iffarly design stages, making easier to generate alterna-

generating a concept, and restricts exploration. tives and preventing design fixation [9]. Yang also ar-
gues that it is not common to engineers to be taught

Our literature survey reveals the difference in approachidea and concept generation through sketching [43]. It
to sketching between engineers and industrial designtooks like currently freehand sketching is taught in con-
ers. We seek to bridge this gap between what weexts that do not encourage students to see it as a way
call engineering design and design engineering byof thinking and designing, but as a way to learn current
redesigning our course using an innovation-orientedCAD frameworks better, such as in technical graphics
framework. [26], [5].

1.1. Motivation
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However, in disciplines such as architecture and indus2. COURSE FRAMEWORK
trial design, freehand sketching is taught as a mean oM
for problem solving, idea generation and concept geni'l' The i8™ framework

eration, as expressed in Bilda et al.s work about archiThe traditional view of engineering design is that of a
tects [2] and in the work of Eissen and Steur [6]. Tovey“systematic process”, providing the illusion of a de-
shows how product designers rely mostly on freehandermined set of stages, one logically leading to the
sketching for concept generation [35]. McKoy et al. re- other [28]. This has since given way to the more “ex-
port that sketching, and in general, pictorial tools, areploratory”view of design [37], [3]. In spite of this, un-
more effective for representing design ideas than othegergraduate engineering design courses take the pre-
techniques used in the early design phase [23]. For enscriptive approach to design, equipping students with
gineers, most of the time, concepts such as perspecdesign tools” like functional decomposition, morpho-
tive sketching have become just an old fashioned wayogical matrices, Pugh charts, and so on. While these
taught before CAD. tools are important for someone aspiring to become an
effective designer, undue emphasis on them takes away
To view sketching only from the point of view of from the exploratory, iterative, and “fun” aspects of
CAD is to undermine its strengths, and to concentratedesign. We propose a framework calledM8 which
on the enhanced representation aspect of CAD. Whilseeks to equip the students with effective practices to
CAD does provide one with a detailed representationaid design thinking, while at the same time engage
of a concept, Robertson and Radcliffe have pointed outhem in the process of designing and learning by de-
some potential risks of using CAD software too early in signing [14]. In this, the framework borrows broadly
the design process, like circumscribed thinking, premafrom the Learn by Desigit' framework, as well as the
ture fixation, and bounded ideation [33]. In a different idea of studio education [18], [21], both based on active
work by Yang it is concluded that using CAD is a poor learning approaches.
choice for supporting early design stages [42]. It has. L . L .
also been suggested by Walther that careless teachi %}TM _stangls fqr Insplratlon,_ Insight, _|deat|on, 'magina-
and use of CAD software can stop the divergent pro-U n, |terat_|or,\1/|, implementation, and impact for innova-
cess, restraining the possibilities for innovation [40]_t|on._The g concept _has _been_ created_ by us, based
In the context of architecture, Lawson also found riskso" Tim I|3rowns. |?ap|_ratlﬁn, |deat||c_)(rj1 a_nd m;plr:amfenta-
created by careless use of CAD [16]. In other words:tIon cycel [?]' 18 1S the consoll _atlon oft € Tun-
CAD could become an “innovation killer” if design- damentals for creativity and innovation on engineering

ers are not trained carefully to avoid these risks and ifde3|gn. An abstract representation is provided in figure

they do not have other skills to complement the CAD L

process.

Research also highlights that the design outcome ob
tained by engineers depends on several factors; Yan
[43] concludes that while the design outcome cannot be
related only with sketching skills, some characteristics
of sketches influence the design more than other one
[41]. Advantages of using sketching for idea genera-
tion along other traditional tools had also been shown:
Van der Lugt provides us with an excellent case with a

o

C
Geonn:a':'hn‘

LEMEMNTY
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“brainsketching” technique [38] and Linsey et al. bring 5
us a comparison of quantity and quality of ideas ob- FOR INNOVATION N
tained from different techniques [20]. T2 Y AN A °

Using the

e
Framework

Cross and Cross give an outstanding example of whg ‘
we want to achieve. In their case study of Gordon Mur-
rays design methods [4] they show the strategies for hit ‘ou ‘
successful designs, the right use of sketching tools an

CAD, and the big goal for engineering educatidh:  Figure1 Theig™ framework representation
never have engineers that arent designers”
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~
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'
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form the basis for ideation and iteration — both part
of the i8™ concept. Our interpretation of divergent
and convergent stages can be seen in figure 2. We think
of design as a creation and expansion stage while engi-
neering is an optimization and reduction process. Thus
we tie design thinking with divergence and engineer-
ing with convergence. In the first iteration of design,
one is expected to have a high number of underdevel-
oped ideas. These ideas are filtered and the better ones
used as a basis for generating the next iteration of ideas.
This process, if developed appropriately, will ideally
Figure 2 Divergence and convergence on the design converge into a final set of excellent ideas.

process

Number of ideas

Degign

Time

Engineering

2.2. Course description
The i8™M framework involves concepts representing Former ME444

the design process. Inspiration and insight are the start‘ME444 was developed about 20 years ago as an inno-

ing point. Ideation and imagination support the deSIanative approach for teaching Computed-Aided Design

concept creation and exploration. Iteration and imple- . : :
mentation are present in every design process at eve;éFAD) and prototyping to students in Mechanical En-

stage and keep the previous four “i’s present all aroun ineering. Around 2400 students have seen the ben-

the process. Finally every design is intended to haveef'ts of this experience. The evolution of the course

impact, by solving the initial problem, satisfying needs |n“the|ff)ast ng}s gx%cﬁedriisr?ec'a:{ ';Ot\’\]fa:dst d devr(;:'tloplng
or at least originating more ideas. These concepts to@eﬁeasagceards sin etie 'ngtrcoctoers kr?o Slgdee tSo ?15
gether form the solid basis for innovation through de-f[N rat C,XVDb udlrr? th oII intu th rW T?] Ir
sign, and this applies to all kinds of designers: archi- egsaae Iicatioé:f-?)rienet}edoinS th:t ti?ecgtjuzgﬁts Iee;?#e?je
tects, industrial designers, engineers, artists, teache PP ; )

. AD concepts, and applied them to a course project to
and, indeed, everyone. . o S .

design an “action toy” with significant geometric and

In a globalized and competitive world, new engineersmechanical complexity. Both these complexities of the
are encouraged to be not only more productive but alseoys have continued to increase during the evolution of
innovative. The mature products and markets we havehe course [19].

today force people to look for innovative opportunities |, . . . .
y peop PP With a strong need to address innovation proactively

[13]. CAD software has been sold as a productivity . o
booster and an essential tool for improving design qual-In both, the economy and the students capabilities, we

ity. But CAD tools alone cannot make innovative de- have beer_l transformlqg M.E444.' \.Ne"are embe“ddlng
signers [16]. This is why new engineers cannot ignorenev,\,l Iearnlbr;_g towagds desmk])n thlnkl_ng [3c]i <_51nd dq—
the importance of innovation and experience and prac:—?g o ena |_nrg]; students tg €c reatl'(\.'l? and innovative
tice design thinking, combining play and imagination esigners with strong engineering skilis.

with engineering design. Albert Einstein is quoted to It is important to mention that this is not a mandatory
have said: “We can’t solve problems by using the samecourse on the Mechanical Engineering plan of study,
kind of thinking we used when we created them”. If yet our students are aware that CAD has become a fun-
current problems have been created by over-structuredamental tool for engineers in industry. This is one of
design processes, and tools like CAD, we should probthe reasons for the popularity of the class. However,
ably look for solutions by injecting child-like thinking almost every engineering school now provides students
through flexible processes and imaginative tools, in thewith this important knowledge. Also, CAD has to be
form of play [15]. Play used as a part of 1§ frame-  used at the right time in the design process.

work is critical for imagination, for creating a future . . .
. S o . This class relies on lecture and laboratory sessions. The
that does not exist and for using innovation in engineer-

. . - . lectures provide students with theoretical concepts on
ing as a creative problem solving process (see SeCt'OE:AD along with directions for the project and a brief
2.4).

introduction to advanced topics, as seen in figure 3.
Divergent and convergent thinking is also important for The laboratory is basically the hands-on portion of the
design thinking [34]. Divergent and convergent cyclescourse; each student has access to a computer with the
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Week 1 [26] show us how sketching is used as a tool for

IealEen EAD improving spatial ability in students i_n this class,
to parametric ! ! Modaling, which helps understand the CAD environment bet-
modeling | | , sketcher ter, and aid visualization. Students have a sketching
Project —— assignment weekly, but these sketches are about ex-
. | ) Features in o . . . )
introduction | ] CAD isting objects which will be later modeled in CAD.
Sketches, 4 2] — Idea generation or creativity is not the objective of
. o Assembly - . .
constraints E} modelin those exercises and the sketching they perform is
Assembly L S mocele more like the traditional engineering, rigid kind of
ML’P © Advanced sketch
Advanced - ";o—dfe“—ng— ‘ e ME263: Introduction to mechanical engineering de-
modeling___ ’ [ ms;:ﬁs sign, innovation, and entrepreneurship. This class is
e > s intended to teach student the open-ended nature of
Jiscussions " Project work F engineering design process. For the concept gen-
V' VW e eration module it relies on tools like brainstorm-
Week 16 ing, functional decomposition, modeling and deci-

sion matrices. Freehand sketching is not included
on the class topics.

software. Students have four hours in the lab per eaclt is clear that students are not being trained in the top-
lecture hour, meaning that most of the actual learningcs we are interested in. This review also shows us that
of the CAD tool happens in the laboratory. our University confirms the diagnosis made by Ullman,

The prototyping part of the course relies on SLA tech-LINSey and Yang: engineers are not being taught free-
nology as a means to provide students with the ability?nd sketching as a way to think through ideas.

to manufacture the complex shapes they can develo .

with CAD, without getting into more time consuming EiedeSIQned ME444
processes. As a restriction, all teams are given the samghe challenge is now to provide students with modern
limited amount of printing material for their projects. ~ computational tools, avoid the potential risks of their
Previously, the design and prototyping project Was!napproprlate use, and yet add value to design through

. . innovation. We decided to re-design the ME444 course,
viewed at as a way for the students to gain a deeper

. . M . . . . .
knowledge of the CAD software by using it in simu- applying the i8M principles, and in turn informing the

- TM . - - _
lated real-world applications, here represented by to3}8 framework. Inspiration from other courses on in

) . novation and results from research on engineering ed-
design (figure 4). Due to the focus of the course on . . . . .
. : : . .ucation, design education and cognitive sciences was
learning CAD, the results were evident in the final toys:

. . an important starting point [30], [43], [41], [10]. Our
they were geometrically and mechanically complex, :
Co o approach empowers the students with frameworks for
but lacked originality and creativity.

play, value-based innovation, and creation of concepts
using the language of the designer: freehand sketch-
ing, at the appropriate stages in the design process [36],
[35].

Figure3 Former ME444 class outline

Related courses in Mechanical
Engineering at Purdue University

It was also important to check the plan of study and_l_h | i lab hand .
to identify previous mandatory classes on related top- '€ N€W class relies on fa oratory hands-on experience

ics. Unless strictly necessary, the overlapping of topicd©f the acquisition of CAD software proficiency (see

between courses are best avoided. However the sti9Ure ). The lecture contents were modified to offer

dents profile and background knowledge from previoussf[Udents with the i frameworks a_nd tools for de-
sign. Some lectures were replaced with hands-on work-

semesters have been a clear indicator of lack of train= )
hops. In order to encourage the divergent-convergent

ing on design thinking and usage of freehand sketchin% . . R
as a tool for problem solving and idea generation. Af- rocess and the generation of more innovative ideas,

ter analysing the plan of study we found two relateclfreehand sketching was chosen as the main tool.

classes: If sketching can be considered to be 2D prototyping

e CG163: Introduction to graphics for manufacturing. [36], [9] we could say we are encouraging students
This is a required class where students learn the bato prototype earlier and cheaper in the design process.
sics of CAD for engineering. Mohler and Miller There are no modifications downstream for this class,
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vantage of the new facilities just built at the Mechanical
Engineering Buildings Gatewood Wing at Purdue Uni-
versity. A classroom with a capacity for 120 students,
with large tables facilitating in-class team work and
overhead projectors for more flexibility of resources
during lectures or workshops was selected. High ceil-
ings and excellent illumination also contributes to im-
proving the students environment in order to encourage
them to be more creative [24].

Week 1
Design ‘ CAD
Thinking | Modeling &
:
Assembly )
Sketching & —
S.C.AM.PE.R |
v h E —_—
Play, Toy % Adv;nlsed |
= mode |ng )
Figure4 Toys designed and built in ME444 Works:hop, ! .St
Functional Sk Concept Gen. |
. . . thinking = | .
which means students would still use CAD for detailed —— Surface
design, and the SLA machines for prototyping. Stu- SLA, modeling ,‘_
dents would still be given a budget for printing and = Design for X f } ]
getting other components they would need. Our tean " Project work |
understands the importance of exploring the prototyp- / / o ’
ing area, and that topic will be covered in a different Week 16

project, probably impacting this class or a related one_. , :
in the future. Figure5 Redesigned ME444 outline

The core idea of the new approach is as follows:

e Teach students the CAD content they need to knowt has also been shown that during the creative, concept
to be proficient, but do not let them start the ideageneration stage of design, it is beneficial to have the
generation and conceptual stage of the project usingenerated ideas all displayed to the design students at
computers. once [22]. To prototype this idea for the purpose of

e Students will be allowed to create the CAD model the course, it was sufficient to extend the functionality
of their design only after a few iterations on diver- of spaces that are traditionally not included in the cate-
gent and convergent concept generation/ selectiogory of “innovation spaces”, like the classroom [27].
processes, using freehand sketching, design thinkyye achieved this by the modification of seating ar-
ing, and other tools provided through the play andyangements in the room during the workshop sessions,
toy workshops. and through the use of team-specific display boards for

We thus maintained a parallel hands-on sketching andeam members to share sketches of their ideas with each

design thinking aspect to the students learning, alongOther. Instructions or hints pertinent to the entire class
side the computer-based training. were at the same time displayed on the projection sys-

L . . tems used for the lectures. Both these are shown in fig-
Creativity is also influenced by the environment where, . 5 As seen, the prototype setup allows design teams
work is done. In a pedagogical environment, it is im- yheir oyn space for generating and sharing ideas, while

portant to have a space that is flexible, for instance, thgs, a1y not interfering with the work of other teams.
ability to change the focal point of the interaction from

one that is between the students and the instructor tdVe intend to extend the idea of the flexible design space
one that is among the students: “Learning Studios” ado the laboratory space as well, in order to provide stu-
opposed to conventional classrooms [11], [12]. In orderdents with a space with better affordances for design
to implement the new class approach we have taken adand innovation [27].
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with perfect lines and clean edges. In contrast, the soft
pencil approach introduces students to the concept of
thinking and talking sketch [7], [39].

Following the suggestions of an experienced industrial
designer, we provide students with some tools for this
module: a blue pencil and a black marker. With a ba-
sic training on sketching, those tools can be enough
for students to effectively create, communicate, discuss
and improve toys concepts before the CAD application
stage of their project.

An extra tool is required for sketching: paper. A
plain single sheet of paper is probably the best op-
tion for this mission. But in aims of keeping the
information together and for making easy to analyse
students sketches after the course is finished, a note-
book was preferred. Having a design notebook and
keeping sketches is a practice used by great inventors
through history. Leonardo da Vinci’'s widely recog-
nized sketches, as well as other famous sketches by
Thomas Alva Edison and Alexander Graham Bell were
used as motivation for the students. Every student has
been provided with a notebook with plain white paper
sheets. They have been told to keep track of their work
on the notebook.

After giving them the tools and before any training our

Figure6 Collaborative ideation environment students were asked to sketch an object following some
) guidelines. The task was designed in order to have con-
2.3. Freehand sketching module straints, but also being a non-existing device, so stu-

The engineers creativity can be increased by helpinglénts cannot only remember and draw the object but
them learn a new way of freehand sketching, and builcectually design it. The same task will be given to them
it into their experiential design process, such as toy deafter the workshops, so we can compare them.

sign, so they have hands-on experience for designingyaining on sketching includes techniques from indus-
and thinking. This new |mag|nat|vTe engineering andyi5| design and features identified in research men-
design learning space for all of the'8 processes to tigned on our literature review. They are taught basic
“flow”, along with sketching, is a cornerstone of our ¢oncepts like two point perspective, use of ellipses, tips
new ME444. for drawing straight lines and making darker or lighter
In the process of rediscovering freehand sketchinglines. Expression of movement is important, so use of
some aspects have been identified and tied togetherrows, notes, express sounds and context of the toy
in an easy to understand way. Application of per-is also explored. Cut-away and exploded views of con-
spective, expression of motion, understanding of “softcepts are also encouraged, so students can discuss more
pencil” sketching, construction of complex shapes indetails once the concept starts getting more complex.
ones mind using primitives, and high speed shape conAn example given to students for one of the assign-
struction, form a short list. Dedicated workshops havements is shown in figure 7.

been designed to providethes_e tools to stL_Jdents and ﬂ}@long with the sketching motivation and training the
contents have been carefully interwoven into the Clas%orkshops include ideation techniques, as discussed

timeline. in the next section. We want to be explicit with stu-
Engineering drawing is usually taught with a hard pen-dents, and tell them the affordances of sketching. How
cil approach. Technical drawings are prescriptive, andsketches can boost their ideation, how to use them to
they do not encourage change or dialogue. Also, studiscuss, combine, refine and create even more concepts.
dents are usually encouraged to have clean drawingSome assignments on sketching were also created in or-

ME 444: REDESIGNING A TOY DESIGN COURSE 603



der to make the students practice prior to, and in paralThe students were introduced to the concept of play
lel to the project related ideation tasks. value, and as a classroom activity, asked to classify
a given set of toys according to their scales of play
[15]. They were also introduced to the idea of crossing
product concepts, and using creativity techniques like
SCAMPER [25]. The project teams were then encour-
aged to use quick sketching to generate concepts, and
then use the play values, product crossing, and SCAM-
PER techniques, to extend their concepts. The concepts
are currently being presented to the course instructors
and a visiting industrial designer for feedback and im-
provements, and some interesting preliminary observa-
tions have been made, which form part of the discus-
sion section.

3. DISCUSSION

The introduction of sketching techniques, creativity
techniques, and concepts of play, and our study of the
progress of the students have resulted in some interest-
ing observations, and have also posed interesting ques-
tions. Our preliminary observations are as follows:

Figure7 Examples from the sketching workshop

(Instructor drawings) While quick sketching and concept generation helps in

generating the initial volume of ideas, the ideas thus

o _ , generated are observed to be lacking in depth and qual-
This is the approach we consider better to include deity. A comparison of different speeds of concept gen-

sign thinking to our students. We are confident that theations and their quality would be interesting, and im-
context of design and the toy creation environment aréyortant towards guiding such exercises.

a perfect fit for introducing those concepts in the cur-

riculum. It was observed that teams that collaborate while
sketching together seem to have better concepts, which
2.4. Injecting play values was already stated by van Der Lugt [39]. This obser-

vation aligns with the idea of brainsketching [38] ex-
i%Iored by the same author, and would be an interesting
Study to follow up on.

Kudrowitz and Wallace [15] differentiate work and play
as being on opposite ends of the same scale. Play
defined as “the quality of mind during enjoyable, capti-
vating, intrinsically motivated and process-focused ac-s there a correlation between sketching ability and con-
tivities”, and work is defined as “undesirable chore”. cept quality? Studies by Yang [41] on junior design stu-

Play allows for fun and free movement within given af- dents indicate there are no correlations, but in the view
fordances, whereas work does not. They also define thgf quick sketching and initial concept development, it

term “Play Value” as the “likeliness that a toy will be might be interesting to perform the study on senior en-

played by the user”, or even “a measure of the benefigineering students who are trained in sketching.
of the play”. o _

_ _ _ While it has been shown that sketches have consis-
We incorporated the ideas of Kudrowitz and Wallace ety peen more effective as an ideation and commu-
into the ME 444 course for two purposes. nication tools as compared to text and speech, our pre-
e One of the mainstays of the course is the toy de-jiminary ohservations suggest that a hybrid approach

sign project, which vyould benefit greatly from the __ ¢ aiches with accompanying explanatory terms —
students understanding of play values, and could be more effective.

e By making the concept generation process more en-
gaging and fun, we attempt to increase the playWe intend to pursue these and other research questions
value of the concept design activity, and conse-that arise through, and as a result of, this new change
quently the quality of concepts generated. of course.
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