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ABSTRACT

Production and industrial engineering are domains that increasingly require a sophisticated and
multidisciplinary setof skills.Asmoderneducationalmechanisms shift towardsmoreadvanced
patternsofremoteandasynchronoustraining,learningobjectshaveemergedasanidealapplication
fieldformonitoringandevaluatingtheconsumptionofbettercomposedandenrichedcontent.This
articlediscussestheabilityofphotorealistic3Dmodelsandinteractive3Dobjectstosupportsuch
competenciesdevelopmentandempowerengineeringperception.Introducedasacomplementary
dimension of video training, the research invests in photorealism and interactivity to allow the
traineeexperiencewithgreatercontrolandmoredetailthefunctionalbehaviorofmachineelements.
Structuredasexercisematerialforalabofmechanicaldesign,photorealistic3Dmodelswereproduced
andembeddedinane-learningplatformforengineeringstudentstoevaluate.Theirfeedbackwas
capturedthroughanextensivequestionnaire,allowingforadeeperunderstandingoftheapproach’s
efficiencyandresults.
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INTRODUCTION

Internetandmoderntechnologieshaveupscaledthecommunicationandconnectivitypotentialsof
everyone,makingpossibleandquiteaffordabletoaccessandconsumehighqualitycontentfrom
almostanywhereacrosstheglobe.Givenhowcomfortable,directandrichintermsofcontentvideo
is,mostpeoplefavorandhavefullyembraceditastheirprimaryknowledgeandinformationformat.
Ifapictureisworthathousandwords,avideohasprovedtobeamuchmorepowerfulmediumwhere
images,pictures,photosanddiagramscreatedynamicknowledgecontextsandconveyinformationin
amuchmoreeffectivemannerandatasignificantlygreaterspeed(Kay,2012).Bothcommercialand
academicuseofhighqualityvideoassetsprovideconstantvalidationthatinformationperceptionand
knowledgeassimilationdramaticallychangewhenastoryisbeingtoldvisually(Orúsetal.,2016).
Storytellingengageslearnersandcapturestheirattentioninherentlybythenatureoftheformat.Each
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visualstoryisastreamofinformationtheaudiencemustbufferandprocess,whilealsotranslating
andassessingthecontextofwhathasbeenlearnedintermsofpurpose,goalsandrefinedknowledge
(Chtouki,Harroud,Khalidi,&Bennani,2012).

Newmultimediatechnologiesandtechniqueshaveprovidedawiderangeofoptionsand
ways toupgrade theproductivityof learningand teaching.Facilitating3Dvisualizations
and3Dmodelswhencreatingeducationalmaterial,isanestablishedpracticeforapowerful
learning experience with immersive environments and active roles inside them (Chau et
al.,2013).3Dtechnologiesareanintegralpartofmoderndigitalassetsandtheplatforms
that host them. Their use is very common if not necessary for the development of soft
skills and cognitive abilities that require better context understanding. Building virtual
environmentsthataccuratelysimulatecriticaleventsandscenariosisrapidlybecomingthe
normforhands-onexperienceinindustryandothersciencedomainswherethecostandthe
complexityofprovidingreal-casescenariosisforbidding(Bednarz,James,Widzyk-Capehart,
Caris,&Alem,2015).Thegamificationofalearningprocessisaugmentedineveryaspect,
whenthequalityoftheassetsandthestoryishigh.Providingawell-thoughtseriousgame
requiresmechanismsandcontentthatmotivatesandfostersafeelingofaccomplishment.3D
technologiesnowprovideaplatformandamediumforsatisfyingthelearner,encouraging
involvementandstimulatinghisorhercriticalthinkingincomplextasks(Villagrasa,Fonseca,
Redondo,&Duran,2014).

Thepotentialoftheprovided3Dvirtualenvironmentsand3Dobjectsliesprimarilyinthetraining
ofpersonnelthathastheskillsandbackgroundinformationtotranslatethevisualizedcomponents
intoactionableknowledge.Modernengineeringdepartmentsarecurrentlyfamiliarizingfacultyand
studentswiththeconceptsofLearningFactory(Baena,Guarin,Mora,Sauza,&Retat,2017)and
itsmodernparadigms(Chryssolouris,Mavrikios,&Rentzos,2016).Adoptingmechanismsthatcan
instantiatetheseconcepts,thepresentedresearchemploysphotorealismandinteractivitytocreate
avirtual trainingexperiencethatoffers thepotentialityofbetter immersionwithout thecostand
schedulingoverheadofusingexpensivemachineryunitsandphysicalmock-upsinsideaclassroom
oralab.Trainingthroughtheuseof3Dobjectsoffersverytangibleandcompetitiveadvantagesover
traditionalmethodsofvocationaleducationandtraining(VET):

• Enrollingincourseswithconsistentparticipationandinteractivesessions.3Dtrainingsimulates
realworldexperiencesandthiscapturingprocesscaptivatestraineesandincreasesretention.

• Traineescannavigateandexploreeventsandspaces inarisk-free,butneverthelessrealistic
environmentthatencourageslearningandensuressafeexperimentation.

• Acceleratedlearningwithleveledcontentconsumptionandlongerunsupervisedsessionsadds
uptoamorecost-efficientallocationofresources,capitalizinginpassiveassetsandallowing
betterallocationofhumanresourcesinkeyaspectsoftraining.

• 3Dvirtualtrainingisveryeffectiveindemonstratinginterconnectingmechanismsandinterfacing
componentsinsidesophisticatedmachinerythatcannotbeaccessedorviewedbythehumaneye.

Industrialengineeringtrainingcangainasignificantcompetitiveedgefromadoptingthelatest
advancesinlearningtechnologies.Thisarticlepresentsthedevelopmentprocessandtheevaluation
ofalearningmanagementsystempopulatedwith3Dcontentthatembodiesmodernphotorealistic
representationsofdigitalassets.ThedeliveryofthesystemwasbasedontheopensourceMoodle
Platform1andtheevaluationprocessprovidedevidenceofpositiveacceptancebytheacademicand
studentcommunities.Thisarticleoffersabriefanalysisoftheuserevaluationfeedback,drawinginsight
intotheeducationalvalueofcoursestructureanddesignchoices,furtherleadingtorecommendations
forimprovingtheefficiencyofcompositionanddeliveryofthetrainingcontent.
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BACKGROUND

Modernindustryiscurrentlyfunctioninginsideacontextofincreasinglyrefinedregulationsand
sophisticatedguidelines.Adoptingandincorporatingadvancedrulesandspecificationsintoahighly
focusedenterprisedomainrequiresengineers thatpossessmultidisciplinaryskills thatspanfrom
information and communication technology (ICT), to business and finance. Furthermore, solid
knowledgeofbasicnormativeandlegislativeaspectsisoftenrequiredasameanstointerfaceincross-
functionalteamsandautonomousdepartments(Papathanassiou,Pistofidis,&Emmanouilidis,2013).

During the last decade e-Learning has reached significant maturity and gained even more
popularityandubiquity.Relevantresearchhaspushedtheboundariestowardsawidespectrumof
directions,allowingasynchronoustrainingandlearningtoearnitsplaceasarapidlyadoptedparadigm
insideandoutsideacademiaandtheworkplace(Gros&García-Peñalvo,2016).Contributingtothis,
cloudtechnologiesandenterprisesocialnetworkshaveprovidedtheinfrastructureandthecontext
forthedevelopmentofnewlearningtoolsandcontent,evenmoreorientedandadaptedtothelearner
andhisorherneeds(Zhangetal.,2015).Collaborativeplatformsandmobilelearningservicesare
nowabletomaintainandrepurposeaconstantlyactivelinkbetweenthelearnerandanever-growing
poolofthematicallyorganizedandenrichedknowledge.It isalinkthatinvestsonasynchronous
interactivity, personalized experience andwell-balanced modules of immersive content (Martín-
Gutiérrez,Fabiani,Benesova,Meneses,&Mora,2015).

Thecostofdeployingandpopulatingane-Learningsolution,insideanacademicinstitutionor
anenterprise,canbemuchlowerthanthatofmanagingandcoordinatingtheassetsandtheprocess
ofconventionallearningandtraining.Theflexibilityofferedandthefactthate-Learningisbydesign
an interactiveandengagingexperience,makes it appropriate for learners that requireversatility,
autonomyandtheopportunitytoaccessandconsumemorediverseandqualitativelearningobjects.
Contentanddeliveryarethemainpillarsofe-Learning,andtheirdigitalnaturehasallowedthemto
nowreachaglobalaudienceinaconvenientwayandfurthermoresupplementmostifnotallproviders
oftraditionallearning(Arkorful&Abaidoo,2015).

Oneofthemainadvantagesofon-lineeducationisthataverylargeanddiverse(fromapointof
accessperspective)pooloflearnerscanutilizetheinfrastructureandconsumethedigitalassetsof
multiplerepositoriesthroughasinglevirtualenvironment.Thecomplexityoftheseassetshasgrown
exponentiallyofferingbetterlinkedknowledgeandhighlycontextualizedinformation(Okadaetal.,
2019).E-learningobjectshaveevolvedfrompage-to-pagecontentwithimagesandwell-formatted
text,tofullyimmersiveexperiencesinside3Dvirtualenvironmentswithaugmentedrealitytoolsand
interactions(Ramirez,Mendivil,Flores,&Gonzalez,2013).Videotraining,3Dvisualizationsand
virtuallabsconstitutecontentdimensionsthatmatchandcaptivatetheattentionofmodernlearners.
3Dmodelingenvironmentsisaplatformuponwhichsimulationandcasestudieshavebuiltsolid
understandingandconnectionwithlearners’needs(Ewais&DeTroyer,2016).Engineeringstudents
oftenhaveamuchdeeperunderstandingofcomplexstructuresandarecommonlybetterqualifiedto
consumesuchrepresentationsinamoreefficientway.Whiletheirfamiliaritywithsuchcontentisa
facilitatortoahigherlevelofscientificcontentcomprehension,theirexpectationsandneedsgrow
accordingly(Martín-Gutiérrez,Mora,Añorbe-Díaz,&González-Marrero,2017).

Theknowledgebodycurrentlyofferedinmanye-CoursesthatservethedomainofEngineering
Education is commonly structured in a thematically organized syllabus of videos and narrated
presentations.Tradinglargebodiesoftextsandimageswithshortandfocusedvideocontenthas
beenproventobettertriggerthetrainees’attentionandmaintainamorereliablelearningcontext
(Mayer,2017).Thatisbecausesuchacontextcanbepopulatedwithmuchmorevibrant,realistic
andapplication-orientedcontent.Facilitatingthis,annotatedandnarratedvideosmanagetoconvey
more informationwith sophisticated case studies and fullydigitized experiences from industrial
shop-floors,tohighlycongestedproductionfields.
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Engineeringstudentsconstituteaverychallengingusertoprofileasatargetlearninggroup.They
areearlyadoptersoftechnology,constantfollowersoftrendinginformationandconsumersofhighly
detailedmedia.Accustomedtosuchcontent,theyhaveemergedasamoresophisticatedaudienceto
captivateandmotivatewithe-Learningcontent(Violante&Vezzetti,2015).WhiletheICTaspect
ofane-Learningplatformgainstheirattentionandpreference,thecontentoftenfailstomeettheir
expectationsintermsofmediaqualityandinteraction.Inthispaper,weexplorehowtheleveraging
ofrole,controlandphotorealismof3Dobjectscanbenefittheexperienceofanengineeringstudent
insideane-learningplatform.Inthenextsectionwepresenttheprocessofdevelopingcontentthat
enhancestheperceptionandclarityofhowcertainmachineelementsoperateandfail.Delivered
as e-Learningcontent that supports theexercisesof aMechanicalDesignLab, theprovided3D
modelsleveragequality,movingfromdetailedgeometryandpositioningtohighlydetailedtextures
andphotorealism.Furthermore,weinvestintoolsthatempowerstudentstointeractivelyhandle3D
objectswithannotationsandselectthebestviewinganglethatallowsthemtooptimallyunderstand
thestudiedcomponentsandevents.

E-LEARNING OBJECT FOR MACHINE ELEMENTS

Theapproachof thepresented research is tobuilduponmoderne-Learning toolsandplatforms
andenrichthemwithcontentandinteractivitythatenhancesthelearningexperience.Specifically,
photorealismandmaterialshavebeenusedtocreate3Dmodelsandanimationsthatstimulatelearners’
attentionandmaintaintheirfocusinunderstandingtheoperationalbehaviorofmachineelements
atkeystagesoftheirlifecycle.Thevisualizingenvironmentoffersviewingfeaturesthatmotivate
interactivityandsupportlearnerstonavigate,handleandstudyeveryaspectofthemodeledelements
andanimatedevents.

COURSE STRUCTURE AND MOODLE PLATFORM

Thecontentfortwolaboratoryexerciseswasdevelopedaddressingfailuremechanismsofspecific
machineelements.Theexerciseswereimplementedase-coursesintheformofasinglepagecontent
syllabus.Thegoalwastoengageengineeringstudentswithintuitiveinterface,modernmediaobjects
andexercisecalculations.Thecoursestructurewasorganizedwiththefollowingtopics:

• Background Theory:Asectionthatprovidesessentialbackgroundforthecourse-relatedtopics
anddiscussion,includingdesignparameters,componentbehaviorandcomputationmethodologies
thatpopulatethelatersectionsofthecourse.Itissupportedbyfigures,graphsandtables.

• Exercise and Solution:Thissectionprovidesinitialdataforthelaboratoryexerciseandthe
system.Itincludesdescriptionandcontextinformationaboutthefailureeventandthestudied
mechanisms.Thesolutionisavailablebutinitiallyhidden.

• Calculation Form:Thissectionoffersaformthatcalculatestheexerciseresultanditspurpose
istoallowstudentstestandmonitorhowdifferentinputvaluesaffectit.Eachstartingparameter
hasitsownfieldandtheoutputiscoloredaccordingly,followingthesystem’soperationalstatus.
Linkstoadditionalresourcesthataidunderstanding,suchasreferencingtables,areavailable
butinitiallyhidden.

• Video Tutorials:Thedesignschematicsofthesystemsareprovidedatthebeginningofthis
section.Aseriesofvideotutorialsaddressthepartoftheexerciseimplementationthatinvolves
theuseofSolidWorks2softwarepackage.Theassemblyandsimulationprocessareexplainedwith
detailedstepsandinstructions.Theexpectedsimulationreportisavailablebutinitiallyhidden.

• 3D Viewer:Thissectionincludestheembedded3Dviewerforboththemachineelementmodels
andthesystemstheyoperatein.Thisviewerofferstheabilitytomovearoundthemodelledobject
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andviewitfromanydesirableangle,closeinandstudythedetailsofitstexturesorgeometry,
whilealsohavingaccesstoannotationsaboutkeypointsanddescriptiveinformation.

• Photorealism (Animation and Images):Agalleryofphotorealisticimagesandanimationsis
providedinthissection.Theimagescapturethesystemorcomponentsfromanglesthatcanhelp
studentsidentifyimportantaspectsofthefailureevent.Theanimationsdisplaytheabnormal
systemoperationthatleadstoelementwearandeventuallytoitsfault.

ThedeliveredimplementationisbasedonthewidelyadoptedplatformMoodleandfacilitates
appropriateextensionsandplug-instoembedcodeandintegratetoolsthatrenderthefollowingcontent:

• Renderingofcomplexmathematicalequationsandformulas.
• Videoplayerfortutorialsthatresideinsidetheplatformoratanexternalhostingservice.
• Executionenvironmentforcode(JavaScript3)thatcalculatesexerciseresults.
• Renderingmechanismsthatallowtheabovecodetodynamicallychangetheformattingofcourse

contentandresults.
• 3Dviewerforanexternalcloudservice(Sketchfab4)thatrendersinreal-timeandsupportsthe

useofannotations.
• Galleryforhighresolutionrenderingsof3Dmodelsthatvisualizefailureevents.

Usageofanadvancedandwell-establishedplatformlikeMoodlehasdistinctbenefitsthatcouple
withrequirementsandspecificationsofourresearch:

• Moodle offers an easy and versatile user and access control management, supporting the
correspondingtasksandadministrativeactionswithafullsetoffeaturesincorporatedintoitscore.

• Moodleconstitutesaplatformthatsimplifiesandautomatestheprocessoffrequentupdates.
Manyofsuchupdatesarecrucialforthefluidandfine-tunedoperationofextensionsandplug-
insthatdrivetheenrichedcontentofoure-courses.

• AsaWebplatformMoodlefunctionsatacentralpointofinstallation,whichinturnsupports
easysystembackups,failurerecoveryandsecurityconfigurations.

• BeinganopensourcesystemisoneofMoodlegreateststrengthsandadvantages.Itsstructureand
architecturefostercustomizationandencouragenewwaystocreateanddisplaytrainingmodules.

• Asadirectresultoftheformerfeature,Moodlehasbecomealeadingplatformcompatiblewith
arichanddiversepoolofextensionsandthemes.Thisenablestailoringofbothcontentand
learningmethodology,matchingthemtospecificneedssuchastheonesofengineeringstudents.

Video Tutorials and Annotations
Withinthecontextoftheproposedframework,annotatedvideotutorialsrepresentcorecomponents
ofthelearningprocess,asawidelyadoptedcontenttypebymostmodernprovidersofe-training
ande-learningcourses.Mediaconsumptionofthistypeoffersthebaselineofusercontrolandatool
wheretheusercaninteractwiththecontent.Theaimoftheiruseintheproposedsystemisforthe
learnertofollowstepsanddrawinstructionsinordertoreplicateamethodologyandachievethe
sameresult.Thesuccessofthevideotutorialsisbasedontwomainelements,namelythevirtual
environmentandtheinstructions.

• Thevirtual environmentistheworkspacewherethetargetedprocessisvisualizedbychanging
viewsandswitchingbetweencontenttypesthatbetterconveyeachstep.Itisthemainvisual
canvasandallowsthepresentationofcomplexscenesandgraphs,includingkinematics,plant
layouts,andmultimediacomponents.Forthecontentofthemachineelementscourses,thevirtual
environmentwastheworkspaceoftheSolidWorkssoftwarepackage.Thetutorialsdescribea
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specificworkflowofactionsthestudentsmustcompleteinordertosuccessfullyproducethe
modelsforcomponentssuchasmachineryboltsandbelts.

• Theannotated instructionsoperateaspointerstotheobjectspopulatingthevirtualworkspace.
Thevisualizedprocessisenrichedwithasecondlayerofcontentthatrepresentsmilestones,
progress structure, critical points and many other semantic means that learners understand,
consumeandorientatethemselvesmoreefficientlyinthevirtualworkspace.Forthepresented
research, annotations were used to indicate specific interface components of the virtual
environmentandnarratetheprocessthatwasvisualized.Annotationsalsoallowedthedisplayof
bullet-points,thestudentshadtokeeptrackofandrememberinordertosuccessfullyconfigure
ordesignacomponentwithreferencetoalargersystem.

Boththequalityofthevirtualenvironmentandtheannotatedinstructionsaretightlyconnected
withtheunderlyinglearningmanagementsystemanditsabilitytoembedandfullysupportupdated
andfullyfeaturedmediaplayers.Facilitatingtheappropriatepluginsandplatformextensions,the
proposedsystemwasabletoeffectivelystreamandplaylargeandhigh-qualitymediafilesthatreside
bothincloudstorage(GoogleDrive5)andpopularhostingplatforms(YouTube6).Theplayersprovided
asmoothviewingexperiencewithsupportforannotationsandtimestamps.TheuseoffamiliarWeb
servicesandtoolsresultedinbetteruserretentionandlongersessions.Composingmorevideosof
smallerdurationwasacoursedevelopmentdecisionthatgavebettercontroltothestudentandthe
author.Thesmallvideoformatrequiresbalancedattentionspanandintensity,whilealsoallowing
forbettersegmentationandhandlingofknowledgetopics.

Selective Viewing and Calculation Forms
ItisacommonformatofmodernLMStoprovidesinglepagecourseswithallthematerialincluded,
linkedorhiddeninsideonesinglepage.Thereferencingnatureofwebcontentandthedynamicviewing
capabilitiesofthetechnologiesthatpoweritsrendering,allowtheeasyandeffectivenavigationof
eventhemostcomplexcontentstructures.Asinglepagecoursemayprovideasequenceofvideo
tutorialsthatarefullysupportedbydescriptivesummaries,taxonomytagsandotherusefulinformation.
Supportingthisexperiencewithbalancedinteractivityandfeedbackisakeypointforassessinghow
thecontentismeasuringuptotheusers’expectationsandwhetheritiseffectivelyconsumed.

Latestcourseimplementationsandthepresentedresearchfollowadiversifyingparadigmthat
blends the viewing sessions with user interactivity and does so with interface mechanisms that
provideinstantaccesstoformsandhiddencontentthatthelearnerhastheoptiontouse.Providing
consistently the same formatof educationalmaterial inside a singlepage coursewill eventually
demystifyanyadvantagesithastooffer.Cyclingthroughcontentandinputthatrequireadifferent
levelofattentionandprocessing,willnotexhausttheuserandinsteadwillallowhimorhertobetter
valuethequalityofthecoursematerial.

Withselectiveviewingthelearnercantriggerthedisplayofhiddencontentinoursystem.Using
interfacecomponentsastriggers,theusercanaccesslinkstodownloadfiles,embeddedplayersfor
videosandembeddedviewersforspecificdocumenttypes.Eachsuchtriggeralsoactsasaconfirmation
oraflagthatvalidatestheuser’sinterestinlearningmoreaboutthesubject,seekingthesolutionto
aproblem,orpromptingforaccesstoexternalresourcesandfurtherreading.

Calculationformsactasaself-assessmenttoolthatlearnerscanusetocrossexamineresults
and confirm the correct completion of the exercise’s computations. They were developed using
webtechnologiesandtheproducedcodewasabletoruninsideaMoodleextensionthatenablesits
controlledandmonitoredexecution.Eachcourse’srespectiveformprovidesawaytoeasilycheckthe
resultformultiplesetsofinputparameters.Thishelpsidentifyandmaptheinputsetsthatproduce
resultsbeyond the thresholdof certain failureevents.Furthermore,given that thecodeoperates
directlyinthecontextofthecourse,itispossibletoreuseitinfuturemechanicaldesignexercises
thatstudymulti-stagedscenariosoffailureevents.
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Photorealism and Interactive 3D Viewer
Creatingavirtualenvironment,whereengineeringstudentscanexperiencehowmachineryoperateand
failwithhighfidelityvisualrepresentations,isakeytargetofthepresentedresearch.Theproduced
contentincludesaccurate3Dmodelsofmachineryelementsplacingthemaspartsoflargersystems
andmachineryunits.Animationswerealsodesignedandproduceddisplaying the failureevents
describedineachlaboratoryexercise.Ingreaterdetailthe3Ddigitalassetsvisualize:

Case A:Thefailureofabeltaspartofanelectricmotorengine.
Case B:Thefailureofaboltaspartofasteamgenerator.

Bothmodelsweremadeavailabletoview,handleandnavigateineachcoursethroughaWeb
applicationthatcanrendertheminarealtimemanner(Figure1).Thedeliverede-coursesinclude
aviewerofthe3DmodelsthroughtheuseofacustomizedMoodlemodulefortheSketchfabweb
services(Figure2).Thee-coursesalsoprovidephotorealisticanimationsandstills(Figure3,Figure
4)forthefollowingknowledge:

• The assembly of the studied machinery unit with all machine elements coming together to
connectandinterface.

• Thenormalsystembehaviorwithmachineelementsoperatingunderstress.
• Themechanismsthattakeplaceandthefailureevent,whenmachineelementsreachtheirstress

limits.

Annotationsessentiallyformulatealayerofmetadatathatdescribethe3Dvisualizedknowledge.
Starting with simple tags for glossary terms and video highlights, a new level of complexity is
introduced.Annotationsthatrefertoobjectsthataretemporalinnature,suchasatrainingvideo,
canbeconsideredaslinksthatarefluidlyconstructed,visualizedandnavigated.Intheproduced
3Dmodelsandanimations,theincorporatedannotationspresentinformationaboutparametersand
componentsthatplayacriticalroleinthenormaloperationandthestudiedfailureevents.Forthe
caseofthe3Drenderingviewertheseannotationsconstituteactiveinterfacetriggersthatreposition
thecameraandprovideabetterviewingangleoftheannotatedmachineelement.

Browsing photorealistic models and consuming the annotated information is the first step
towardsalargeruseof3Dtechnologieslinkingacademiaandindustrywithtrainingrepositoriesof
high-qualitydigitalassets.Sincethepoint-of-accessofsuchvirtualenvironmentscaneasilybecome

Figure 1. 3D model viewer displaying belt and electric motor with annotations
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anyplaceoutsidetheclassroomortheproductionfield,theirservicescanbeinvokedbyspecialized
rolesandprofiledeventsthatoriginatefromtheengineeringdomain.AplatformsuchasMoodle
providesanenvironmentwhereengineeringprofessionalsandstudentscommunicateandcollectively
annotateandstudyimmersivevisualizationsoffailureeventsandmaintenancepractices.Whatis
currentlyorganizedase-coursesforaLaboratoryofMechanicalDesign,caneasilyscaletointegrate

Figure 2. 3D model viewer displaying bolt and steam generator with player interface

Figure 3. Photorealistic still image of the belt and motor
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3Dmodels,technicalmanuals,photographs,audiosandvideosthatenhanceanextremelyaccurate
3Drepresentationofproductsandplantsfortraining,every-dayandextra-ordinarymaintenance.

Makingsuchvisualizations,foravarietyoffailuresandnormaloperations,availabletoeveryday
accesscandevelopimportantperceptionandanalyticalskillsthatstudentscouldhardlyacquireeven
inrealindustrialshop-floors.Allowingthistypeofknowledgetobeasynchronouslyaccessedby
engineersandcustomizedinapersonalizedmanner,canleadtoevenmoretangiblebenefits,simply
through the filteringofdigitalassetsand the real-timecompilationof immersivescenarios.The
deliveredplatformisavailableon-line7andvisitorscanaccessandviewtheproducedcontentwith
theprovidedusercredentials.

CONCLUSION

Engineeringstudentshaveapositiveperceptionofe-learningtoolsandmodernmediatypes.System
featuressuchasusability,navigationefficiencyandvisuallyappealingcontent,allcontributetowhat
theyexpectasanengaginglearningexperience.Populatingcontentpageswithvideos,3Dmodels
andanimationscreatesanenvironmenttunedforlearning.Singlepagecourseappearanceprovides
speedycontentdeliveryandsupportsflexiblenavigation.Thedeliveredcontentandlearningplatform
wereevaluatedbyengineeringstudentsandtheirfeedbackcapturedusingaquestionnairecomprising
questionsabout:

Set I:theuseofmediaand3Dcontentine-learningplatformstheyaccessanduse.
Set II:thecontentquality,thenavigationefficiencyandtheoverallusabilityofthepilotsystem.
Set III:theaddedvalueofmediacontentforthepilotsystem.
Set IV:theaddedvaluefromusing3Dtechnologiesforthecontentofthepilotsystem.
Set V:proposedfeaturesandimprovements.

Thequestionnairestartswithexploringhowparticipantsevaluatetheavailabilityof3Dobjectsin
othertrainingmaterialandtheirfeedbackdescribedthisavailabilityaslacking,withstaticandnon-
dynamicexceptions.Theyreportedthatmostofthemediacontentine-learningplatformsconstitute
narratedslide-basedpresentationswithoutthesupportofadvancedvisualizations.Thenparticipants
werecalledtoratethequalityandcontributionoftheproduced3Dmodelsinthelearningexperience.

Figure 4. Photorealistic rendering of the bolts and steam generator
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More than60%rated thequalityof3Dmodelsandanimationsas“VeryGood”,pinpointing the
impactofphotorealismasaqualityfeaturethatwasexpectedandmuchappreciated.Whenprompted
toranktheimportanceandaddedvalueofphotorealism,almost70%ofthemrespondedwith“Very
Important”.Manystudentsreportedthatphotorealismisadefaultfeatureofthemediacontentthey
consumeon adailybase, during entertainmentor other activities.Notbeing able to experience
a somehowsimilar levelof immersionand realism,whenconsumingeducationalmedia,creates
a growing sense of lackluster quality and a gap of enthusiasm. Proposed new features included
placingthe3Dassetsinsideavirtualrealitylabandinteractingwiththemusingcontrollers.Itis
worthmentioningthatthe3Drenderingservicethatwasusedinthepilotsystem,currentlysupports
virtualrealityheadsets.

Frameworksandtoolsthatbuild3DvirtualspacesinWebenvironmentshaveevolvedthrough
the use of cloud and Web technologies and are now able to efficiently integrate with advanced
e-Learningsystems.3Dphotorealisticcontentcanaccuratelycommunicatedesigndetailsandsimulate
thevisualstimulusofrealprocesses.Suchfeaturestriggerstudents’imaginationandallowthemto
fuseknowledgefromthedesignthinkingandthelife-cycleconditionstateofmultipleengineering
objectsthatcouldneverotherwisebeviewedorcompared.Thisarticlehaslookedintotheuseof
photorealistic3Dmodelsandtheirsupportinginteractiveviewingtools,ascontentmodulesforan
e-LearningplatformthatsupportagrowingcurriculaoflabexercisesforMachineElements.The
researchconcludesthatimmersive3Dmodelsofferalearningcontenttypethatincreasesflexibility,
knowledgedepthandcost-efficiency.Theauthorsstronglybelievethatboththedevelopmentand
assessmentofengineeringcompetenceanddesignskillsconstitutefieldswherevirtualtrainingwith
immersiveenvironmentsandobjectscanoutperformtraditionale-trainingsolutionsandprovidea
solidplatformforLearningFactories.
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ENDNOTES

1 MoodlePlatform-https://moodle.org
2 SolidWorks-https://www.solidworks.com/
3 JavaScript-https://www.w3schools.com/js/
4 Sketchfab-https://sketchfab.com/
5 GoogleDrive-https://www.google.com/drive/
6 YouTube-https://www.youtube.com/
7 MeDiLabPME-Moodle-https://medilab.pme.duth.gr/13-en.shtml
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