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AbstractAbstract� 0 instructiondoes usuallyresult•� TraditionalTraditional instructiondoes notnot usually result inin growthgrowth 
feasoningofof generalgeneral reasoning ability.ability. OftenOften studentsstudents perceiveperceive aa 

ThisThis paperpaper describesdescribes aa projectprojectfundedfunded byby thethe TechnologyTechnology topictopic asas aa collectioncollection ofof factsfacts andand formulas.formulas. 
ed- • ConnectionsConnections betweenbetween concepts,concepts, representa-representaReinvestmentReinvestment ProjectProject (TRP)(TRP) underunder thethe manufacturingmanufacturing ed 0 formalformal 

ucationucation componentcomponent (MET)(MET) toto design,design, build,build, andand evaluateevaluate con-tions,tions, andand thethe realreal worldworld areare oftenoften lackinglacking atat thethe con
edu- clusionclusion ofof traditionaltraditional instruction.instruction.interactiveinteractive multimediamultimedia coursewarecoursewareforfor manufacturingmanufacturing edu

cation.cation. Interactive multimediamultimedia isis defined asas thethe combina • 
tiontion ofof computercomputer basedbased text,text, sound,sound, graphics,graphics, animation,animation, meansmeans ofof instructioninstruction forfor mostmost students.students. Instead,Instead, everyevery 

industries studentstudent mustmust becomebecome anan activeactive participantparticipant inin hishis oror herher 

interactive dejned combina- 0 TeachingTeaching byby telling,telling, traditionaltraditional lecture,lecture, isis anan ineffectiveineffective 

video,video, andand simulation.simulation. commercialcommercial andand defensedefense j'ndustries� 
alongalong withwith aa professionalprofessional societysociety areare collaboratingcollaborating onon thethe education.education.� 
projectproject inin anan effort toto addressaddress importantimportant dual-usedual-use issues.issues.� 
AdvancedAdvanced mediamedia technologiestechnologies areare beingbeing exploitedexploited toto createcreate MultimediaMultimedia inin ManufacturingManufacturing EducationEducation� 

eflort 

virtual,virtual, timetime shifted, and/or remoteremote visitsvisits toto realreal worldworldman (MiME)(MiME)shified,anrl/or 	 man-
ufacturingufacturing systems.systems. TheThefoundationsfoundationsforfor ourour efforts andand thetheeffonrs 
experiencesexperiences inin thethe firstfirst yearyear ofofthisthis efforteffort willwill bebe discussed 
inin detail.detail. addressaddress thesethese problems.problems. However,However, manymany instructorsinstructors areare 

findingfinding thethe developmentdevelopment ofof qualityquality engagingengaging coursewarecourseware 

tdiscussed ManyMany institutionsinstitutions areare experimentingexperimenting withwith multimediamultimedia toto 

devel-requiresrequires aa newnew setset ofof skills.skills. InteractiveInteractive multimediamultimedia develIntroductionIntroduction 
opmentopment differsdiffers dramaticallydramatically fromfrom traditionaltraditional texttext oror notenote 

ex-preparation.preparation. LiteratureLiterature aboundsabounds withwith wellwell intentionedintentioned ex
TraditionalTraditional classroomclassroom basedbased engineeringengineering educationeducation oftenoften amplesamples ofof multimediamultimedia projectsprojects whichwhich succeedsucceed technically,technically,
fallsfalls shortshort ofof preparingpreparing studentsstudents forfor thethe completecomplete processprocess yetyet failfail toto instructinstruct inin a meaningful way.way. MoreMore thanthanjustjust tech
ofof manufacturingmanufacturing --thatthat isis thethe completecomplete cyclecycle ofof design,design, 

ameaningful 	 tech-
nologynology expertiseexpertise oror contentcontent knowledgeknowledge isis required.required. ClearlyClearly

engineering,engineering, production,production, marketing,marketing, andand deliverydelivery ofofgoods.goods. un-thethe successfulsuccessful interactiveinteractive multimediamultimedia developerdeveloper mustmust un
McDermottMcDermott [1] succinctlysuccinctly describesdescribes manymany shortcomingsshortcomings ofof[11 derstandderstand farfar moremore thanthan justjust hardwarehardware and. software.software. ManyMany
traditionaltraditional classroomclassroom basedbased technicaltechnical education:education: 

and 
facultyfaculty areare eagereager toto taketake advantageadvantage ofof multimediamultimedia butbut dodo 
notnot possesspossess thethe time,time, skill,skill, knowledge,knowledge, oror resourcesresources toto dodo 

0 AbilityAbility toto solvesolve standardstandard quantitativequantitative problemsproblems isis notnot MME•� so.so. HelpHelp isis needed.needed. MiME isis beginningbeginning onon aa locallocal levellevel atat 
adequate criterion GeorgiaGeorgia TechTech andand inin thethe futurefuture wewe willwill disseminatedisseminate whatwhatadequate criterion ofof functionalfunctional understanding.understanding. ThereThere 
isis littlelittle correlationcorrelation betweenbetween thisthis typetype ofof performanceperformance wewe havehave learnedlearned throughthrough workshopsworkshops andand seminarsseminars openopen toto 

unen- facultyfaculty acrossacross thethe country.country.andand thethe abilityability toto solvesolve real-worldreal-world previouslypreviously unen�
counteredcountered problems.problems.� 

•0 TraditionalTraditional instructioninstruction doesdoes notnot generallygenerally produceproduce aa GoalsGoals ofof MiMEMiME 
coherentcoherent conceptualconceptual frameworkframework inin studentsstudents forfor relatingrelating 

•0 	 man-aa numbernumber ofof concepts.concepts.� CreationCreation ofof thethe infrastructureinfrastructure necessarynecessary toto deliverdeliver man
•0 ManyMany conceptualconceptual misunderstandingsmisunderstandings areare notnot overcomeovercome ufacturingufacturing relatedrelated coursecourse materialmaterial on-siteon-site atat industryindustry 

op- facilitiesfacilities throughthrough self-studyself-study interactiveinteractive courses.courses.byby traditionaltraditional instruction.instruction. StudentsStudents needneed timetime andand op�
portunityto •0 EnhancementEnhancement ofof newnew andand existingexisting manufacturingmanufacturing�portunityto applyapply thethe samesame conceptsconcepts inin manymany contexts,contexts,� 
toto reflectreflect uponupon theirtheir experienceexperience andand toto generalizegeneralize fromfrom curriculacurricula throughthrough thethe additionaddition ofof self-pacedself-paced nonnon-

thethe results.results. traditionaltraditional interactiveinteractive educationaleducational software.software.� 
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FigureFigure 1.1. Demanufaeture OverviewOverview GraphicGraphicDemnufacture 

•0 DemonstrationDemonstration ofof thethe effectivenesseffectiveness ofof learninglearning theorytheory 
centeredcentered multimedia-basedinstruction acrossacross the entire 
manufacturingmanufacturing educationeducation curriculum.curriculum. 

multimedia-basedinstruction theentire 

•e SupportSupport facultyfaculty inin thethe creationcreation andand useuse ofof educationaleducational 
technologiestechnologies forfor manufacturingmanufacturing education.education. 

ProjectProject ResourcesResources 

ThreeThree mainmain activitiesactivities encompassencompass thisthis program:program: 1)1) thethe cre
ationation ofof aa manufacturingmanufacturing focusedfocused multimediamultimedia developmentdevelopment 
resource,resource, 2)2) rapidrapid infusioninfusion ofof educationaleducational technologytechnology intointo 
thethe manufacturingmanufacturing curriculum,curriculum, andand 3)3) thethe productionproduction andand 
disseminationdissemination ofof interactiveinteractive coursewarecourseware forfor OR 

cre-

useuse on bothboth 
MacintoshMacintosh andand WindowsWindows basedbased computers.computers. MiMEMiME servesserves 

camp~ls ef-asas thethe focalfocal pointpoint forfor anan interdisciplinaryinterdisciplinary campus widewide ef
fortfort focusedfocused specificallyspecifically onon thethe needsneeds ofof manufacturingmanufacturing 
education.education. 

cen-
Specifically,Specifically, wewe havehave createdcreated aa dedicateddedicated resourceresource cen
gradu-terter staffedstaffed byby aa smallsmall numbernumber ofof professionalsprofessionals andand gradu

ateate studentsstudents includingincluding anan instructionalinstructional designer,designer, aa graphicsgraphics 
Writer.artist,artist, aa psychologist,psychologist, aa programmer,programmer, andand aa technicaltechnical writer. 
indus-ThisThis staffstaff isis workingworking withwith groupsgroups ofof facultyfaculty andand indus

trytry personnelpersonnel toto implementimplement ll.a setset ofof manufacturingmanufacturing relatedrelated 
instruc-curricularcurricular materialsmaterials employingemploying multimediamultimedia inin anan instruc

tionallytionally soundsound andand consistentconsistent manner.manner. 
com-AA dedicateddedicated developmentdevelopment laboratorylaboratory hashasjustjustbeenbeen com

pletedpleted toto supportsupport thisthis effort.effort. IncludedIncluded inin thethe laboratorylaboratory areare 
33 PowerPower MacintoshMacintosh 8100s,8100s, 11 PowerPower MacintoshMacintosh 7100,7100, 11 
MacintoshMacintosh DuoDuo 280c280c portable,portable, forfor testing,testing, 22 PentiumPentium basedbased 

compatibil-WindowsWindows machines,machines, andand 22 basebase systemssystems forfor compatibil
digitiz-ityity testingtesting (Quadra(Quadra 610610 andand 33Mhz33Mhz 486).486). MediaMedia digitiz

inging capabilitycapability includesincludes 22 colorcolor flatflat bedbed scanners,scanners, 11 35mm35mm 

slideslide scanner,scanner, 22 videovideo digitizingdigitizing stationsstations withwith motionmotion JPEGPEG 
compression/decompression accelerators,accelerators, andand 1616bitbit44kHz44kHz 
soundsound inputinput capture.capture. ApproximatelyApproximately 1616 GBGB ofofdiskdisk storagestorage 
areareavailableavailable forformediamediaprocessingprocessing operations.operations. OutputOutputmediamedia 
capabilitiescapabilities includeinclude videovideo tape,tape, aa colorcolor printer,printer, aa CD-ROMCD-ROM 
recorder,recorder, andand aa digitaldigital slideslide maker.maker. AA PowerPower MacintoshMacintosh 

compressioddecompression 


91509150 actsacts asas aa generalgeneral purposepurpose serverserver forfor sharedshared files,files, http, 
ftp,ftp, smtp,smtp, andand printprint services.services. TheseThese resourcesresources areare availableavailable 
onlyonly forfor projectproject specificspecific workwork atat thisthis time.time. Faculty,Faculty, students,students, 

ht@, 

oror staffdeveloping materialsmaterials relatedrelated toto MiMEMiMEarearefreefree totouseuse 
thesethese facilities.facilities. GeneralGeneral useuse byby thethe entireentire facultyfaculty isis notnot yetyet 
possible;possible; however,however, thosethose whowho demonstratedemonstrate aa desiredesire toto workwork 
withwith thethe groupgroup areare encouragedencouraged andand supportedsupported asas resourcesresources 
permitpermit throughthrough aa informalinformal networknetwork ofofcooperation.cooperation. 

staffdeveloping 

Currently,Currently, all multimediamultimedia authoringauthoring forfor CD-ROMCD-ROM isisalI 

donedone inin MacromediaMacromedia DirectorDirector 4.0,4.0, andand AuthorwareAuthorware ProfesProfes-
sional3.0. DirectorDirectorprovidesprovides aa completecomplete scriptingscripting languagelanguagesional 3.0. 

how-allowingallowing forfor complexcomplex animationsanimations andand interactivity;interactivity; how
Author-ever,ever, nono directdirect instructionalinstructional supportsupport isis included.included. Author

wareware onon thethe otherother handhand waswas designeddesigned fromfrom thethe groundground upup 
instructiond de-asas aa instructional developmentdevelopment tool.tool. ItIt includesincludes easilyeasily de

velopedveloped interactivityinteractivityalongalong withwith automaticautomatic learnerlearner trackingtracking 
con-whichwhich cancan bebe usedused forfor recordrecord keeping,keeping, adaptationadaptation ofof con

tent,tent, oror modelingmodeling ofofstudentstudent performance.performance. DirectorDirector isis moremore 
leamed.powerful,powerful, AuthorwareAuthorware isis moremore easilyeasily learned. 

DevelopmentDevelopment ActivitiesActivities 

AAnumbernumber ofofcurriculumcurriculumdevelopmentdevelopmentprojectsprojects areare currentlycurrently 
develop-underway.underway. TheThe firstfirst completedcompletedprojectprojectinvolvedinvolved thethe develop

mentment ofofaa multimediamultimediacasecase studystudyrelatedrelated totodemanufacturingdemanufacturing 
automobiles.automobiles. StillStill pictures,pictures, text,text, graphics,graphics, sounds,sounds, andand shortshort 



FigureFigure 2.2. IntroductoryIntroductory ScreenScreen toto ErgonomicsErgonomics CoursewareCourseware 

digitaldigital videovideo segmentssegments werewere included.included. ThisThis materialmaterial waswas de
velopedveloped asas partpart ofofanan engineeringengineering designdesign classclass byby aa groupgroup ofof 

de-

graduategraduate studentsstudents alongalong withwith thethe MiMB staff.staff. Subs€'..quently,MiME Subsquently, 
engi-thethe casecase studystudy waswas integratedintegrated intointo aa seniorsenior mechanicalmechanical engi

neeringneering electiveelective coursecourse entitledentitledEnvironmentallyEnvironmentally ConsciousConscious 
Manufacturing.Manufacturing. HereHere studentsstudents werewere requiredrequired toto analyzeanalyze thethe 
materialmaterial inin thethe casecase study,study, answeranswer aa numbernumber ofof op<,n endedendedopen 

wadeoffsquestions,questions, andand performperform aa costcost analysisanalysis ofofvariousvarious trade-offs 
re-inin thethe demanufacturingdemanufacturing process.process. SubsequentSubsequent evaluationevaluation re

vealedvealed thatthat studentsstudents inin generalgeneral likelike thethe WWWWWW presentationpresentation 
ofof thethe casecase material;material; however,however, theythey diddid notnot likelike thethe open
endedended questionsquestions included.included. Initially,Initially, nono efforteffort waswas mademade toto 

open-

determinedetermine anyany kindkind ofofcognitivecognitive gaingain asas aa resultresult ofofinteract
inging withwith thethe multimediamultimedia casecase study.study. FutureFuture plansplans callcall forfor aa 

interact-

leaming tech-moremore in-depthin-depth analysisanalysis ofof learning outcomes.outcomes. OnOn thethe tech
nicalnical sideside itit immediatelyimmediately becamebecame apparentapparent thatthat onlyonly veryvery 
shortshort digitaldigital videovideo segmentssegments cancan currentlycurrently bebe delivereddelivered inin 
aa timelytimely mannermanner usingusing aa network.network. TheThe casecase studystudy cancan bebe 
freelyfreely accessedaccessed throughthrough thethe urI addressaddress listedlisted atat thethe startstart ofof 
thethe paper.paper. 

url 

TheThe secondsecondprojectproject initiatedinitiatedattemptsattempts toto enhance thethe ef
fectivenessfectiveness ofof undergraduateundergraduate controlscontrols engineeringengineering classesclasses 

enhantx ef-

throughthrough thethe useuse ofofmultimediamultimedia basedbased lectures.lectures. InitialInitial evalu
ationation revealedrevealed thatthat studentsstudents inin generalgeneral preferprefer thesethese kindskinds ofof 
lectureslectures butbut diddid notnotnecessarilynecessarily retainretain thethe materialmaterial presentedpresented 
anyany better.better. AsAs aa follow-upfollow-up wewe areare developingdeveloping interactiveinteractive 
simulationssimulations linkedlinked toto tutorialtutorial materialmaterial soso thatthat studentsstudents maymay 

evalu-

individuallyindividually performperform "what"what if' analysesanalyses ofof variousvarious controlcontrol 
parameters.parameters. TheThe mainmain goalgoal ofof thisthis projectproject isis toto provideprovide anan 

if" 

explicitexplicit link between thethe mathematicsmathematics ofof eontrols andand realreal 
worldworld examplesexamples ofof practice.practice. Currently,Currently, thethe coursewarecourseware isis 
beingbeing targetedtargeted forfor supplementarysupplementary purposespurposes only.only. 

link between controls 

AA thirdthird projectproject hashas beenbeen initiatedinitiated inin conjunctionconjunction withwith 
(SME) de-thethe SocietySociety ofof ManufacturingManufacturing EngineersEngineers (SMB) toto de

er-velopvelop anan individualizedindividualized interactiveinteractive trainingtraining programprogram onon er
SME provid-gonomicsgonomics inin thethe manufacturingmanufacturing workplace.workplace. 5MB isis provid

andeventuallyinging existingexisting videovideo contentcontent andeventuallyplansplans toto marketmarket thethe 
de-finalfinal productproduct produced.produced. ThisThis productproduct isis targetedtargeted atat bothboth de

fensefense andand commercialcommercial industriesindustries asas theythey strugglestruggle toto complycomply 
withwith expandingexpanding ergonomicergonomic regulationregulation byby OSHA.OSHA. IncludedIncluded 
inin thethe learninglearning environmentenvironment areare aa hypertexthypertext versionversion ofof thethe 
ANSIANSI (American(American NationalNational StandardsStandards Institute)Institute) ergonomicergonomic 
standard,standard, thethe proposedproposed OSHAOSHA (Occupational(Occupational SafetySafety andand 
HealthHealth Administration)Administration) ergonomicergonomic regulation,regulation, aa self-pacedself-paced 
introductoryintroductory tutorial,tutorial, anan interactiveinteractive exploratoryexploratory video,video, andand 
aa simulatedsimulated tasktask analysisanalysis trainertrainer whichwhich requiresrequires thethe learnerlearner 
toto analyzeanalyze realreal cases.cases. InitialInitial formativeformative evaluationevaluation waswas con
ductedducted withwith aa volunteervolunteer classclass resultingresulting inin manymany suggestionssuggestions 

con-

deploy-forfor improvement.improvement. FutureFuture plansplans includeinclude full-scalefull-scale deploy
mentment andand testingtesting bothboth atat GeorgiaGeorgia TechTech andand throughoutthroughout in
dustry.dustry. 

OurOur fourthfourth projectprojectdealsdeals directlydirectly withwith thethe trainingtraining issuesissues 

in-

ofofa defense contractor,contractor, BoeingBoeing DefenseDefenseandand SpaceSpace Systems.Systems.adefense 
exisring non-destructiveInIn thisthis projectproject wewe areare enhancingenhancing anan existing non-destructive 

testingtesting trainingtraining coursecourse throughthrough thethe introductionintroduction ofofanan intel
ligentligent tutoringtutoring system.system. InIn orderorder toto collectcollect thethe necessarynecessary 
informationinformation wewe visitedvisited theirtheir facilities,facilities, attendedattended thethe currentcurrent 

intel-

course,course, andand collectedcollected relevantrelevant data,data, includingincluding writtenwritten ma
terials,terials, asas wellwell asas videotapesvideotapes andand interviews.interviews. ThisThis materialmaterial 
hashas beenbeen analyzedanalyzed andand ourour prototypeprototype intelligentintelligent tutoringtutoring 
systemsystem isis underunder constructionconstruction accordingaccording toto thethe specificationsspecifications 

ma-

ofof thethe contactcontact group.group. OnceOnce wewe havehave acquirerl thethe expertiseexpertiseacquired 
ofof developingdeveloping oneone suchsuch product,product, togethertogether withwith ourour ongo
inging theoreticaltheoretical work,work, wewe expectexpect toto makemake recommendationsrecommendations 

ongo-



forfor thethe actualactual designdesign ofof thethe materials,materials, asas wellwell asas assistingassisting inin 
thethe implementationimplementation stage.stage. WeWe alsoalso planplan toto collectcollect follow-upfollow-up 
datadata toto assessassess thethe effectivenesseffectiveness ofofthesethese materialsmaterials inimprovinimprov-
inging transfertransfer ofof conceptsconcepts fromfrom thethe classroom/laboratory intointo 
thethe field.field. Non-destructiveNon-destructive testingtesting playsplays anan importantimportant rolerole inin 
thethe manufacturemanufacture andand maintenancemaintenance ofof productsproducts acrossacross manymany 
commercialcommercial andand defensedefense relatedrelated industries.industries. 

classrood laboratory 

ConclusionConclusion 

MultimediaMultimedia coursewarecourseware providesprovides enhancedenhanced opportunity forforoppomnity 
engineeringengineering studentsstudents toto connectconnect whatwhat theythey learn inin thethe classleas class-
roomroom withwith realreal worldworld application.application. MiME hashas undertakenundertaken aaMME 
numbernumber ofof collaborativecollaborative projectsprojects withwith industry,industry, aa profesprofes-
sionalsional society,society, andand aa universityuniversity demonstratingdemonstrating thisthis poten
tial.tial. OurOur goalgoal isis notnot toto replacereplace instructorsinstructors butbut insteadinstead toto 

poten-

augmentaugment andand improveimprove thethe engineeringengineering learninglearning environ
mentment byby offeringoffering newnew experiencesexperiences previouslypreviously unavailableunavailable 
throughthrough traditionaltraditional instruction.instruction. 

environ-
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