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Abstract

Media-based teaching tools have been prevalent in education for severa years.
Ther ability to convey agreat deal of valuable information quickly and efficiently
lendsthem especially well to thesubject of engineering design, in which complex
componants and assemblies are often difficult to visudize throughwordsand
pictures lone

EDICS (Engineering Design Ingructiond Computer Program) has proven to bea
funand intriguing means of conveying awide variety of engineering design
subjects to motivated students. The program consgsts of seven subjects which
engineering students often have difficulty with even after completing therr
undegraduae studies. These subjects are; bearings drawing and drafting,
mouning of shats to rotors, connectionsbetween cylinde's, fastening and
joining, tranamissions and material selection. Each subject is presented to the
student througha series of interactive screensthat indudemedia such as pictures,
animations videos and games.

At thetimeof itsinitial creation, the core audience of EDICS was assumed to be
undegraduae engineering students who lacked the practical experience of
manipulating common mechanical components and devices. It has been
discovered, though,tha EDICS is aussful tool for nearly all types of engineering
students at many different levels of experience.

An evauaion of EDICS was carried out by having students study either short
excerpts from the program or similar subjects covered either in a popukbr textbook
or abooklet, then testing ther knowledgeretention by subjecting them to a short,
written exam. The subjects tha were studied were: transmissions fastening and
joining techniques, and engineering drawing and drafting. Theresults of this
evaluation show that in the subjects of trangmissions and fastening and joining,
students who used EDICS to study performed significantly better than those who
studied usng paper-based materias. 1nthe subject of engineering drawing and
drafting, the students usng EDICS scored, on average, better than the students
usng the pgper-based materials, but the difference was foundto benot
statistically significant.

1 Introduction

EDICS (Engineering Design Indructiond Computer System) is amedia-based teaching tool
designed to improve studentsOgeneral engineering design skills and bolster ther overall
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confidence level. It was developed and refined by two MIT faculty members and several
gradude and undegraduae students over the past seventeen years, with David GordonWilson,
professor of mechanical engineering, acting as primary investigaor.

In 1988,thefull development of EDICS began througha grant fromthe Nationd Science
Foundaion with theintent of enabling Onotivated but relatively inexperienced mechanical-
engineering students to catch up with ther better-prepared classmatesO[1]. In its early existence,
EDICS was comprised of three sections bearings mounting of sh&ftsto rotors, and connections
between cylindes. Thecreators of EDICS chos these three topics because of ther prevalence
in mog engineering designsand ther ability to cause problemsfor alarge number of students.
At MIT in thelate 1980s it was evident from studying studentsOwork in senior-level design
courses that there were an ever-present number of graduding mechanical -engineering students
who lacked the knowedgeand experience to skillfully design many basic mechanical
componants and connections In general, students across the county were continuousy having
difficulty making thetransition from engineering theory to engineering practice [2]. Thus
EDICS was designed to bean effective tool to give these students the prope level of education
they deserved. Engineering designis often ovelooked as a conaete area of study dueto its
interconnectedness with other subjects and the difficulty onefaces when trying to teach it usng
conventiond ingruction methods In thewordsof Evanset al. in 1990:Crhe subject [of design]
seems to occupy the top drawer of a Pandora® box of controversial curriculum matters, a box
often opened only as accreditation time approaches. Even @esignGaculty - those often
segregated from @naysisCfaculty by the courses they teach - have trouble articulating this
elusve creature called designO[3].

During the early stages of development, the creators of EDICS envisioned arelatively small
scopefor the program. However, aswork on EDICS continued and word of the program and its
pumpose spread, its audience became larger and more diverse. Origindly intended for use with
MIT®& youngmechanica enginesring students, the program blossomed into atod used around
theworld notonly by engineering students, but by many individuds who are smply interested in
the subject of mechanical design. A testament to the extent of EDICSOaudience may befoundin
its popukrity in several parts of Africa. Amy Smith, aformer gradude student at MIT who
worked with an early version of EDICS, onae took the program to variousAfrican countries after
paticipating in the Peace Corpsfor four yearsin Botswana The program was well-received
with many teachers and prind pds who showed a srongdesire to have the program be made
widdy available. It was decided, however, tha some parts of EDICS were not suitable for such
far-reaching distribution dueto variouscultural differences.

1.1 Multimedia Teaching Tools

Asonemay expect, thee exists alarge number of multimedia teaching tools tha cover awide
variety of subjects. For example, MIT professor of civil and mechanical engineering Chiang C.
Mei has led extensive research in creating a Goordinated sequence of modular subjectsOdealing
with fluid mechanics. Thegod of theproject isto replace the often redundant courses on fluid
mechanics taughtin multiple departments with an interdisciplinary and interactive computer
program available to students online[4]. Another example tha shares an idearelated to EDICS,
althoughnot nearly as comprehensve, once existed at the University of California at Berkeley in

Proceedings of the ASEE New England Section 2006 Annual Conference. Copyright © 2006 2



thecourse ME39C. Thecourse, now no longe offered, was titled Multimedia Case Studies of
Engineering Design Oand its god was to introduce awide variety of conaepts and gooddesign
practices to inooming freshman engineering students. In the course, students authored media-
based CD-ROMs tha contained variouscase studies relating to engineering design [5].

Many media-based programs for teaching specific aspects of science and engineering, such as
drafting, thermodynanmics, and engineering physcs, are aso being used throughoutthe world.
For example, professors from the University of Trnava and the Slovak University of Technology,
both located in the Slovak Republic, have authored a media-based CD-ROM to supplement
traditiond textbooksin an introdudory engineering physcs course. The program is similar to
EDICSintha it containsinteractive animations multiple choice tests, and aglossary; it is,
however, much narower in scope covering only the subject of engineering physcs[6]. Another
example tha isclosely related to a portion of EDICS is the multimedia computer-based software
created in Chinafor teaching engineering drawing. Professors at the GuangdongUniversity of
Technology have created a software package containing lessons exercises, tests, and feedback
for thestudents. The program isfilled with impressive graphics, and offers students a more
exciting view of the subject of engineering drawing and computer-aided drafting[7].

All themultimedia teaching tools described abovefall into the categories of either subject-based
tutoring tools or brief oveviews of theengineering design process. EDICS, ontheother hand,
since its treatment of engineering designisfairly comprehensve and detailed, does notentirely
fit into either of these categories. EDICS can thusbe said to bean origind and innovdive
multimedia teaching tool for mechanical -engineering design.

1.2 Revisions of EDICS

Sinceitsinitial release, Wilson and anumber of graduae students have made some significant
revisonsand additionsto EDICS. 1n 1992 gradude student Sepehr Kiani created a new chapter
tha dealt with engineering drawing and drafting. In 2003,gradude student Melody Yung
produced a chapter on variousfastening and joining techniques [8]. Presently, EDICS covesthe
three origind subjects, aswell as drawing and drafting, fastening and joining, tranamissions and
materia selection, for atotal of seven indgpendent chapters. Thetranamission and material
selection chapters were compiled and added by theauthor of this pgper between 2004and late
2005. Thecontent foundin these chaptersis an amalgamation of material foundin textbooks
and on websdtes, aswell as origind information supplied by David Gordon Wilson and the
author. Throughoutthe course of the mog recent revision, variousothe chapters of EDICS
were also upddaed to provide users with amore succinct, informative program.

Themain menu of EDICS, from which onemay navigate to any of the seven chapters, can be
seen bdow in Figure 1. Thebroad rangeof topics covered and the detailed descriptionsand
examples presented in each chapter can satisfactorily supplement the material presented in most
introdudory engineering design courses.
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Figure 1: Main menu of EDICS

Another significant improvement to EDICS was the overhaul it received by Amy Smith and
Melody Y ung to make it compatible with moden computing equipment [8]. Initsorigind form,
EDICS was compdtible only with Apple Macintosh computer, and needed alaser-disc player in
addition to thecomputer monitor to view many of theimages and videos Since then, there have
been remarkable improvements in computers and digital media, with laser-disc technology
becoming nearly obslete. Currently, EDICS isfully compatible with both theMac and PC and
isavailable either throughtheinternet or onasingle CD-ROM.

1.3 Layout of EDICS

EDICS isdivided into seven chapters: bearings drawing and drafting, mounting of shaftsto
rotors, conneetionsbetween cylinde's, fastening and joining, transmissions and material
selection. Mog chapters are then subdivided into nine sections which consst of an explanaion
of the physcsinvolved with the subject, some goad design practices, severa examples, and
variousother resources and information.

The seven chapters of EDICS are filled with hd pful information and entertaining activitiesfor
thecuriousengineer or designe. Each chapter offersingghtinto animportant, and often
extremely practical, area of engineering design which can motivate students to become better-
roundel and moreintelligent engineers.

2 An Analysis of the EDICS Material
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EDICS is an exciting program that holdsenomouspotential for informing eager youngminds
and stimulating engineering curiodty. Itisnot, however, aflawless or al-encompassing
program. Alongwith its many ben€fits for the young engineer, it does portray some
shortcomings Thos benefits and shortcomingswill be discussed in the following section of this

paper.

2.1 Benefits of EDICS

There has been a great dedl of research doneto show tha multimedia-based teaching programs
are hdpful in conveying subject matter to students. They offer students a chance to take control
over ther learning and develop thar skills at a self-determined rate. For the past few decades,
computers have become integral tools used in nearly all engineering curricula dueto ther
calculation and presentation abilities. Like computers, media-based ingruction methodshave the
ability to dramatically increase efficiency in the classroomand capture studentsCettention.

Oneof themost subgantial benefits of EDICSisits ability to convey meaningful information
aboutmany aspects of engineering designin a negtly-packaged program that takes relatively
little time to navigate. Theinterface of theprogram is easy to learn, andthelarge clear buttons
simplify the screen, allowing the user to explore the screensquickly and easily. Another
practical benefit of EDICSisitsinduson and discussion of several components and processes
tha make use of common engineering skills such as math, chemistry, and physcs. Throughthis,
EDICS doesits part to ansver theengineering student® everlasting question: When will | ever
use this?O

A third important benefit of the program isits allowance for students to progress at a
pesondized pace. Oftentimes, fast-paced and chdlenging engineering courses can cause a lack
of self-confidence or even poa overall academic performance for students[9]. Theinteractive
menusand clear, condse manne in which EDICS introduces conaspts teaches students
efficiently and effectively, while still allowing review and reflection at any time.

2.2 Shortcomings of EDICS

Besides the many bendfits provided by EDICS, there are some inherent shortcomings  First,
EDICS is aprogram created to help increase inexperienced enginesring studentsGabilities and
confidence level in mechanical design, paticularly those who have nothad practical experience
in engineering hardware. 1t is notintended to take the place of aformal engineering education or
to bea substitute for hardware experience, nor isit intended to make experts of those who study
thevariouschapters. Itissimply anintrodudionto different areas of mechanical components
and design.

Second, to provide an adequae level of undestanding of the subjects addressed in EDICS, it is
obviousthat the program must be pared with more traditiond teaching methodssuch as lectures,
textbookreadings practical work in labsor shops and written assignments. Thereisanintended
lack of quantitative material in EDICS dueto thefact that, wereit induded, thesize of the
program would inflate enormoudy and its audience would bereduced because of the program@®
increase in complexity. Another reason quantitative material is notinduded in EDICSisthe
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obviousben€fit of physcally writing, computing, and solving engineering problems by hand.
This allows students to develop goodorganizational and problem-solving skills, which may be
difficult to do when simply interacting with a computer program.

Third, thelack of quantitative, overall assessments within EDICS make it difficult for students to
estimate their progressin each subject area. The persondized feedback students receive on
graded assignments such as homework, quizzes, and tests hedpsthe student identify his or her
weaknesses and improve uponthem. Thisfeedback is absent in many computer programs,
induding EDICS (althoughGslf-testsOare occasiondly incorporated), and althoughthe users
bendfit from theinteraction and content of the software, they do notwalk away with aconaete
sense of accomplishment or success.

Themany benefits and shortcomingsof EDICS discussed here are some of the more evident and
important aspects of the program. To reinforce some of these benefits, and perhapsidentify or
improve uponsome of theshortcomings aquantitative evaluaion of EDICSis needed. Tha
evaluationisdiscussed in the next section of this paper.

3 Testing the Effectiveness of EDICS

In mid-late 2005,severa students were asked to participate in a pad examinaionto test the
effectiveness of EDICS in aclassroom-style environment. It isfairly obviousthat theuse of
multimedia-based aidshas consderable educationd benefits. A significant amountof research
has been conduded in this area with awidevariety of teachingtools, althoughmosg research has
centered on tools with a somewhat narrow scope  For example, in 1996Melissa Regan and Sheri
Sheppad, both of Stanford University, showed tha providing multimedia-based materiasto
students when disassembling a bicycle for a class exercise (olayed a postive role in assisting
learningCfor amotivated group[10]. Alsoin 199, Robat A. Chin and Amy R. Frank of East
CarolinaUniversity played an important role in integrating the university-wide Multimedia
Ingruction Initiative, which provides variousmedia-based resources to assist faculty membersin
thar respective curricula[11]. Thecurrent evaluaion of EDICS was conduded to determine
whether EDICS hdd any significant, measurable benefits when compared to traditiond
textbook-based learning. This section will describe thetesting strategy, the results of the
examinaions and will discuss theoverall results of theevaluaion.

3.1 Testing strategy

In 1990,David Crismond, a gradude student at both the Harvard Graduae School of Education
(HGSE) and MIT, conduded an evaluaion of theinitia release of EDICS tha conssted of
comparing a pgoer-based version of the software with thefully-fundiond computer-based
verson. Theevauaionfoundtha, amongother things novices benefited from usng EDICS
significantly more than their more experienced coungerparts, and tha there was no significant
difference in scores between students who used the pgper-based version of the material and those
who used the computer-based version[12,13].
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Thelatter observation was not unexpected, since the pgoer-based version was simply a printout
of thecomputer screensfrom the media-based version. In an attempt to condud afair
evaluation, Crismonddid not test onany facet of EDICS tha was treated only in the animations
andvideos Thus in some ways, hewas actudly unfair to EDICS since these are the areas that
seem to teach students mogt effectively. Also, two chaptersin EDICS Bthe mouning of rotors
and levers to shats and the connetionsbetween cylindas Bare nat explicitly covered in mos
popubr textbooks and thuswere not tested by Crismond.

A moreredistic criticism of the program was desired for the current evaluaion of EDICS. Thus
EDICS was compared with paper-based material from an engineering textbookand a pre-
existing booklet that covered much of the same material. Selected excerpts from the paper-based
materials would beread by hdf of thetest subjects, in this case undegraduae students at MIT,
for agiven period of time, and the other hdf would study EDICS for the same time period. After
studying a given topic, the students would be given a short written exam to test their newfound
knowledge Thetest questionswere explicitly answered in both EDICS and the paper-based
materias, and thetopics were covered by both toolsin a clear and condse manne to ensure an
unbiased evaluation of EDICS.

Three areas of EDICS were selected for testing: tranamissions fastening and joining, and
drawing and drafting. These areas were selected for ther rangein media-based content and
approach, aswell as for ther chronological separation as additionsto the EDICS program.
These chapters were a so found to be covered by many engineering textbooks

Before paticipating in the evaluation, the students completed a survey to deerminether level of
expeience in selected areas of engineering design and mechanical components. This survey
asked the students their gende, age, and undegraduae year. It also asked the students to rank
ther confidence level in the different subject areas they were aboutto study fromoneto five,
with arating of onerepresenting theleast amountof confidence, and arating of five representing
agreat deal of comfort and confidence in thetopic.

For thetrangmissionsportion of this evaluation, the students were asked to study the different
materias for onehour. After this study period, the students were given fifteen minutesto
complete afifteen-question, multiple-choice quiz covering the varioustopics they had reviewed.
These same time periodswere allowed in thefastening-and-joining portion. In thedrawing-and-
drafting portion of this evaluaion, however, the students were given only forty-five minutes to
review the material, since thelength of the chapter in both EDICS and the booklet were
significantly shorter than the other two. Thetime periodsgiven to the students were sufficient
for them to condud athoroughinitial perusal of al materials from beginningto end, with the
persond pace of each student determining whether areview of thematerial would be possible.

3.1.1 Recruitment of students

Recruiting students to test EDICS proved to be somewhat difficult. Sincethetota time required
to complete the examinaionswas sightly over three hours, it is not surprising that many
students declined theinvitation to paticipate. Thase who did, however, foundEDICS to be
informative, useful, and entertaining, especially compared to the excerpts from the pgper-based
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materias. The students, whowere comprised of undergraduaes in the mechanical-engineering
and aeronautics-and-astronautics departments at MIT, were offered $25to take part in the study.
Studentsin these courses of study were singled outdueto thefact tha theintended audience for
EDICS isthos who have alimited and inexperienced backgroundin mechanical components
and design, which areimportant areas of study in these curricula.

Ten students, eightfemales and two males, were tested in al, whose class rank ranged from
freshman to junior. Theclassrank of al thestudents at thetime of examination can befound
bdow in Figure 2. Studentswith ahighe level of undestanding concerning engineering
components and methods such as seniors and graduae students, were avoided for the purpose of
this testing since theresults of thar examinaionsmay have skewed theresults.

Class rank of students participating in EDICS study
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Figure 2: Class rank of surveyed students

3.1.2 Selection of appropriate comparative materials -

112/12/05 8:18 AM
Formatted: Bullets and Numbering

To propely test theeffectiveness of EDICS on engineering students in aredlistic environment, a
popubr engineering design textbookwas chosen for its comprehensveness, detail, and similar
subject matter. Thetext, Fundanentals of Machine Conponent Design by Robet C. Juvindl
and Kurt M. Marshek [14], isused extendvely inthe U.S. at severa major universities, and can
also befoundin use outside of the U.S. in counties such as Canada, Britain, China, and
Audralia. Thetextbookis excellent for its coverage of awiderangeof material, while
simultaneoudy keeping thereader interested with variousanecdotes and examples.

Selecting a single text with which to compare all themateria in EDICSis adifficult, if not
impossible, task. Thescopeof EDICSis very broad, and mos textbooksdo not cover dl the
materia offered in the program. For example, themore practical chapters of EDICS, such as
mouning shafts to rotors and connectionsbetween cylindes, are simply notfoundin mos
engineering textbooks These chapters provide necessary and applicable information of which

all engineering students should be aware, and thusit is quite surprising that many engineering
design textbooksdo notcontain it. There are some textbooks however, tha cover other chapters
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in EDICS quite well. Theabovetext was chosen dueto its similarity to EDICSin two of the
subjects tha were tested. Nearly al of themateria from thefastening-and-joining chapter and
thetranamissionschapter in EDICS s provided in great detail by Juvindl and Marshdl, andthus
it served as a satisfactory comparative text.

The paper-based materia for the examination concerning engineering drawing and drafting came
from a pre-existing booKet written by David Wilson, Ernesto Blanco, and two MIT
undegraduae research assistants [15]. This material was chosn dueto thefact that the Juvindl
and Marshek text does not offer sufficient coverage of this subject area. Thetopics covered in
the booklet were derived from the drawing-and-drafting chapter of EDICS, therefore much of the
text is quite similar.

With these two paper-based study aides selected, thetesting procedure described abovewas
completed. Theresults of the examinaions and adiscussion of ther implications may befound
bdow.

3.2 Test results

Thesurvey completed by the students prior to participating in the study yielded some postive,
yet interesting, results. Thehighest average confidence level in any of thetopics tested was
2.7/5.0 in the subject of engineering drawing. This OhighQevel of confidence may be explained
by thefact tha engineering drawing is a subject studied at arelatively early stagein mos
engineering curricula, and thusthe surveyed students al had some experience withit. The
average confidence level (1) and standard deviation (o) in all subject areas can be seen bdow in
Table 1.

Table 1: Student preliminary survey daa

. Comfort level
Topic m p

Trangmission elements (gears, chans bdts, etc.) 1.8 1.0
Automotive elements (cams, clutches, brakes, etc.) 1.6 0.7
Threaded fasteners (i.e., screw/bolt terminology, uses, etc.) 21 16
Rivets, pins and other nonthreaded fasteners 21 14
Soldering and welding (different types and techniques) 23 12
Engineering drawing/drafting (views, dimensoning, etc.) 2.7 13
Drawing/drafting tolerances (techniques and prindples) 21 11

Fromtheresultsin Table 1, it can be said with some certainty tha the students paticipaingin
this evaluation of EDICS were highly aware of thar shortcomingsin mog of the subject areas
they would study in theexaminaions These data suppot thefact that this group of

undegraduae students represents a portion of thetarget audience EDICSisintended to assist.

Theresults of the examinaionson transmissions fastening and joining, and drawing and
drafting can beseen bdow in Figure 3. Itisclear fromtheresults that the students, in generdl,
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performed better onthe examinaionswhen studying EDICS rather than the pgper-based
materia. Itisalso clear fromthe resultstha, in this study, students tended to gain more from
EDICS as oppod to the paper-based materials when studying trangmissionsand fastening and
joining as oppo®d to drawing and drafting. However, it standsto reason tha the scoresin the
drawing-and-drafting examination should berougHy similar, since the EDICS material and the
paper-based material in that subject contained essentialy the same material and language. In
fact, thisresult is consstent with theresult foundby Crismondin 1990which showed that there
was no significant difference in test scores between students tha studied a previousversion of
EDICS and students tha studied pgper-based screenshots of the program [12].

EDICS evaluation results

80%
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60% —

50% —

40%

m EDICS
= Paper-based

Average score

30% -~

20% ~

10% -~

0%

Transmissions Fastening/Joining Drawing/Drafting

Subject area

Figure 3: EDICS evauation results

To furthe study theresultsthe evaluation, astatistical andysis was conduded to determine
whethe the EDICS scores and the paper-based materia scores were in fact significantly
different, orif ther difference was smply a chance occurrence. Thetod tha was used was a
standad t-test, which is oneof the most common datistical methodsused to study experiments
with relatively small sample sizes. Theresults of thet-test may befoundbdow in Table 2. In
thistest, alpha(a) represents the chosen significance level. Thesignificance level, or apha
level, states the percentage chance tha onewould observe statistically significant results even if
there wasnone In other words it isthe percentagethat statistically significant results are
ob=rved by chance. Analphalevel of 0.05isthestandad level chosen for mosg research. The
degrees of freedomseen in the table be ow represent the number of examinaion scores tha are
freeto vary inthe statistical andysis. The degrees of freedomare calculated for thet-test by
simply adding the number of personsin both groupsand subtracting two. Thetwo groups in
this case, are the students studying EDICS and the students studying the paper-based materials.
Findly, tin Table 2 istheratio of thedifference between the group meansto the variability of
theindividud groups
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Table 2: Results of statistical andysis of EDICS evaludion

Trangmissions | Fasteningandjoining | Drawingand drafting
Degrees of freedom 5 6 6
o 0.05 0.05 0.05
t 3.400 2731 0.346

To complete thet-test, thevalues of t calculated in Table 2 were compared with thecritical
values of t for thegiven conditions which can befoundin any table of standad significance, or
by smply creating atable of critical t-valuesin Microsoft Excel usngthe TINV fundion. The
critical values of t for thetranamissions fastening and joining, and drawing and drafting subject
areas were foundto be2.571, 2.447, and 2.447, respectively. Since thet-valuesfoundfor the
transmissionsand fastening and joining subject areas exceed these values, it can be stated that
thedifferencesin scores between the students usng EDICS and the students using pgper-based
materia s to study these two areas were statistically significant. This outcome indicates that
students not only enjoyed usng the EDICS software, butthey displayed a highe retention of the
information they studied and had a clearer undestanding of thematerial after interacting with the
text, phobs and videoscontained in the software. In thedrawing-and-drafting examination, the
t-value of 0.346does not exceed thecritical valueof 2.447, and thusthe scoring difference in
this areais foundto be not statistically significant. This conduson does notimply tha students
did not ben€fit from usng EDICS in this subject. It doesindicate, however, that the contents of
tha particular chgpter of EDICS and the contents of the paper-based material were equdly
effective in communicating information to the group of students.

3.3 Discussion of Results

Theresults of this evaluaion of EDICS show tha the program isindeed a useful tool that can
hdp to improvethe qudity of engineering education. Thestatistical andysis was a necessary
task to prove tha the postive results of usng EDICS could not simply be a chance occurrencein
this particular situation. Itiscritical for the success of programs such as EDICS that these
unbiased evaludionstake place at many stagesin their development and implementation [16).

During testing, the students tha participated in thestudy portrayed several noteworthy behaviors
and study habits. Firgt, students who combined their study of the EDICS or paper-based material
with note-taking generally scored better onthe examinaionstha followed. It has been widdy
observed for years tha note-taking significantly improves studentsOretention skills. EDICS
provides an ideal source for note-taking, since many of its screenscontain short, summarized text
blocks that can easily bewritten down by students. Second, the pace of the students participating
in thestudy was widdy varied. While some students carefully navigated throughthecontent at a
dow, determined rate, othe's skimmed throughthe material in avery short amountof time, then
revisited portionsin theremainde of the study peiod. Foringance, severa students would
breeze throughthe EDICS material, only to find that there was a significant amountof study
time remaining after they had finished. The students who displayed this behavior generally spent
theremainde of ther time reviewing thevideo examples foundwithin the chapter or returning
to thelengthier sectionswithin the program to refresh their memories. A generd trend observed
during testing was tha the students studying the EDICS material spent, on average, lesstime
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conduding an initial examination of the subject matter than the students studying the paper-
based materia. Thistrend leadsto thecondusontha EDICS is more efficient then traditiond
paper-based materials at communicating information regarding transmissions fastening and
joining methods and possibly drawing and drafting techniques and princples.

4 Implementing EDICS into a Curriculum

The engineering education community has notyet implemented the widespread use of media-
based engineering teaching toolsin the area of mechanical design. However, there have been
several examples of successfully employing media-based tools in areas of engineering ranging
from dynamics to multimedia development [17].

It isnotentirely feasible to base an entire course on EDICS alone Textbooksare still extremely
useful in teaching engineering design. Research has shown tha students who study engineering
design with the use of a textbook possess greater problem-solving and reasoning skills than
students who attempt to solve design problems withoutconaulting atext [18].

Perhgpsthe mos widdy-used pedagogica methodfor teaching engineering design is project-
based learning, in which students participate in multidisciplinary projectsto learn thedesign
process and manufacturing and prototyping techniques [19]. The popukbrity of thisingruction
techniquesimplifies the process of introdudng media-based software such as EDICS, since
students participating in project-based learning must actively seek out sources of information to
assist them in ther projects. This section will examine variousmethodsand postive and
negative effects of implementing EDICS into an engineering curriculum.

4.1 EDICS as a Non-required Course Study Aid

Theintegration of EDICS into an engineering design course is a senstive subject. Many
engineering design faculty have proven methodsthey use to communicate concepts, idess, and
componats to students, and are somewhat hesitant to incorporate a new technology into their
syllabi. Animplementation methodtha averts the possibility of interfering with thetraditiond
ingruction methodsisto indudeEDICS in a course as a nonrequired study aid. Of course,
simply induding EDICS onthe course syllabusis not enoughto encourage mog studentsto
investigate it, so in-class remindea's aboutthe program and its coverage areas may bea goodway
to effectively supplement the standard course materials. Onedrawback to thisimplementation
methodis tha students may notuse EDICS because they seeit as supafluouswork and effort on
ther pat. Althoughthis possibility does exist, themotivated audience EDICSisintended to
reach would still presumably seek out the program.

4.2 EDICS as a Required Course Supplement
Implementing EDICS as arequired course supplement may be an effective methodto introduce
the program to youngengineering students. Requiring students to interact with select portionsof

EDICS onaregular basis to supplement thematerial studied in the classroomwould hdp ensure
tha all the students possess the same level of knowledgeand undestanding. For example,
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asking students to study a particular chapter of EDICS before beginning arelated textbook
chagpter would reinforce the quditative content found in thetext with the practical examples and
applicationsfoundin EDICS. Short quizzes or homework assignments could accompany these
EDICS tasks to provide the students with the proper motivation.

Onefairly obviouscaveat accompanying this introdudion methodis the possible boredomor
frugtration of students who are well-experienced in the EDICS subject areas. Whilethisisa
legitimate concern, it is no more disconcerting than theidea of such students becoming bored or
frugtrated with traditiond textbook materials and assignments.

4.3 EDICS as a Stand-alone Instructional Tool

A third optionfor implementing EDICS into an educationd environment is smply to distribute it
to incoming or outgoing studentsin a paticular fied of study. Distributing EDICS during
course registration or orientation would target al the studentsin a particular area, which would
hdp spread EDICS throughoutthe school popuktion. Also, since EDICS isavailable onlineas
well as ona CD-ROM, aviable solution for distributing knowledge of the software would be
dispensng flyers or sending emails to variousgroups of students directing them to thelocation
of EDICS online. While this option does not actively encourage interested students to combine
textbook material with theinteractive, media-based material foundin EDICS, it at least informs
students of the existence of EDICS as a pool of knowledgeto hdp them expand ther knowledge
of mechanical design and components.

5 Conclusion

EDICS isafunand useful teaching tool tha covers awidevariety of topics and enhances the
eduaation of inexperienced engineering students. It is clear fromthe many students tha have
already benefited from EDICS that it is an enjoyable and hdpful program tha combines asense
of application and realism with the quantitative skillsthey have been taughtin their classes. As
Nobd Laureate Herbert Simon once said, GE for the computer to bring aboutarevolution in
highe education, itsintrodudion mus be accompanied by improvements in our undestanding
of learning and teachingg20]. Only by guiding students throughtheir education with patience,
undestanding, and creativity can multimedia programs like EDICS hopeto enable engineering
students to succeed both in and out of the classroom
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