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ABSTRACT

Technologyconstantlyprovidestoolswithaneducationalpotential,suchas360ovideos.Despite
thegrowingbodyofresearchregardingtheirimpactonlearning,primaryschoolstudentsarenota
commontargetgroup.Tofillthisgap,thestudycomparedthelearningoutcomesfromtheuseof
360ovideospresentedusinghead-mounteddisplays(HMDs)withthatof360ovideospresentedusing
PCmonitorsandwithprintedmaterial,havingasatargetgroup46students,aged11to12.Virtual
toursofarchaeologicalsiteswasthethemeofthelearningcontent.Awithin-subjectsresearchdesign
wasapplied.Thelearningoutcomesandstudents’enjoymentwerebetterintheHMDscondition.
However,therewerenosignificantdifferencesinmotivationandeaseofuse.Immersionandsubjective
usefulnessweregreateronlycomparedtoprintedmaterial.Noneoftheabovefactorshadanimpacton
thelearningoutcomes.Overall,whileitcanbesupportedthat360ovideosprovidepositivelearning
experiences,furtherstudieswillhelptobetterunderstandtheirexactimpactonlearning.
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INTRodUCTIoN

Videosarenotonlyusedforentertainmentbutarealsowidelyusedineducation.While,inbothcases,
theirvalueisunquestionable,theyarenotwithoutlimitations.Forexample,unlessseveralcameras
areusedforrecordingthesamescene,viewersarenotfreetochoosetheviewpointoftheirliking.Not
onlythatbut,atanygiventime,thecamerarecordsimagesfromalimitedangleofcoverage;viewers
areunawareofwhathappenstothepartsofthescenethatareoutsidethisangle.Omnidirectional
panoramicvideos,alsoknownassphericalvideosor360ovideos,cansurpasstheselimitations.When
viewingthem,usersareplacedatthecenterofasphericalsceneandcanfreelychangetheviewing
direction,asopposedtothelimitedandconstantviewingangleofferedbyconventionalvideos.Asa
technologicalinnovationtheysurfacedabouttwodecadesago(Pintaricetal.,2000)butonlyrecently
theybecameawidelyavailableproduct.Forrecordingthem,thecamerasthatareusedcancapture
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imagescoveringawholesphere,whiletheireditingis-moreorless-identicaltothatofconventional
videos.Moreover,aswithconventionalvideos,interactivehotspotscanbeaddedfortriggeringthe
displayofadditionalmultimediacontent(e.g.,text,images,photos,andothervideos).

Interestinglyenough,anydeviceorsoftwarecapableofhandlingconventionalvideoscanbe
usedforviewing360ovideos.However,theirfulladvantagesarerealizedwhensmartphonesorhead-
mounteddisplays(HMDs)areused.Thatisbecausethebuild-inaccelerometersandgyroscopesof
thesedevicestrackusermovementsand,inturn,theportionofthescenethatcorrespondstothe
user’srelativeviewingdirectionispresented.AlthoughthereareseveraltypesofHMDs,theonethat
made360ovideosaccessibletomillionswasGooglecardboard.Itisalow-cost(itcostsjustafew
euros),low-techdevicemadeoutofcardboardorplastic.Actually,ithasnoelectronics,itisjusta
shellwithtwolensesinwhichasmartphoneisinserted.Userscannavigateortriggerhotspotseither
usingaverysimplepoint-and-clickcontrollerorbylookingtowardsthedirectionofahotspotand
holdingtheirheadsstillforafewseconds.

Regardlessofthedeviceused,the360oviewingangleisvitalasitoffersacompleteviewof
thestructuralpartsofcomplexobjectsorenvironments(e.g.,theinteriorofatempleoramuseum)
(Ardisara&Fung,2018).Thefreedomofchoosingtheviewingperspectivecreatesasenseofrealism
andallowsforamorepersonalizedexperience(Argyriouetal.,2020).BecauseHMDsblockthe
externalstimuliandbecauseoftheimposingpresentationofthevisualmaterial,usersareimmersed
intheexperienceandhavethefeelingofpresence,thatistheillusionof“beingthere”(Montagud
etal.,2020).

Bearinginmindtheabove,itcanbearguedthat360ovideosmightbeinterestingeducational
tools,worthexaminingtheirpotential.Indeed,researchershavealreadyexaminedtheiruseinseveral
educationalfieldsandknowledgedomains.However,astheywererecentlycommercialized,thereare
stillseveralunresolvedissues,leavingplentyofroomforadditionalresearch.Giventhat,aproject
was implemented inwhich primary school students were the target group. Moreover, two types
of360ovideos (presentedusingHMDsandPCmonitors)werecomparativelyexaminedand the
learningoutcomeswerecontrastedtothoseofprintedmaterial.Ithastobenotedthatitwasdecided
toexaminetheimpactof360ovideosperseandnotastoolsusedduringteaching,soastoremove
othervariablesthatmightplayanimportantrole(e.g.,theteachersortheinstructionalmethod).In
addition,students’viewsandfeelingsregarding360ovideoswerealsoexamined.

PRIoR RESEARCH oN THE EdUCATIoNAL USES oF 360o VIdEoS

Thompsonetal.(2018)suggestedthat360ovideoscanbeusedforvirtualfieldtrips/tours,pointingout
thattheyareeffectivemeansoflearning.Followingthesamelineofthinking,Minochaetal.(2017)
supportedthattheirpedagogicalexploitationallowsforexperientialandinquiry-basedlearning.In
fact,360ovideosfoundtheirwaytoalllevelsofeducationandinawiderangeoflearningdomains
andscientificfields;fromchemistrytosocialsciences,fromsoftwareengineeringtoculturalheritage
(e.g.,Adãoetal.,2018;Ardisara&Fung,2018;Fokidesetal.,2020).Studiesintheaboveandother
educational fields demonstrated that they had a positive impact on motivation, satisfaction, and
learning(e.g.,Antlejetal.,2018;Fokides&Arvaniti,2020;Huangetal.,2019;Thompson,2018),
aswellasonstudents’attentionandconcentrationonthelearningcontent(Clemonsetal.,2019).

Researcherssuggestedthatthepositiveoutcomescanbeattributedtothefactthat360ovideos
immerseusersinanenvironmentthatisrealandnotasyntheticone.Closelyconnectedtoimmersion
ispresence,thesenseofperceivingthevirtualenvironmentasreal(Slater&Sanchez-Vives,2016).
Indeed,in360ovideos,bothfeelingsseemtoberatherstrong(e.g.,Argyriouetal.,2016;Bernsetal.,
2018;Fokides&Kefalinou,2020).Immersioniscorrelatedwithsituatedlearningandbetterconceptual
understanding(Changetal.,2019).Becauseofpresence,usersareofferedbetterandmoreaccurate
perceptualcuesthatcanleadtoimprovedperformance(Slater&Sanchez-Vives,2016).Emotions
alsoseemtoplayanimportantroleinshapingthelearningoutcomeswhen360ovideoswereused,
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asstudentscharacterizedtheirexperiencesasenjoying,satisfying,useful,andengaging(e.g.,Chang
etal.,2019;Fokidesetal.,2020;Huangetal.,2019;Leeetal.,2017;Slavova&Mu,2018).

Notwithstandingthewidescopeoftheeducationalapplicationsof360ovideos,thereisstillan
assortmentofunresolvedquestions,problems,andresearchgaps.Forexample,high-resolutioncameras
andHMDsareavailablebutataconsiderablecost.Ontheotherhand,theuseoflow-resolutionand
low-costcamerasandHMDscannegativelyaffectthelearningexperience(Kavanaghetal.,2016);
becauseof the low imagequality, even textsmightbe renderedunreadable.Theeditingof360o
videosand thedevelopmentofapplications inwhich theyareembeddedcanbecomeacomplex
process,requiring,incertaincases,advancedprogrammingskills(Adãoetal.,2018).Thelevelof
interactionin360ovideosissomehowlimitedasuserscanonlychangethefieldofviewandtrigger
events(e.g.,transitiontootherscenesandloadingofmultimediaelements)(Argyriouetal.,2016).
Thewidefieldofviewmakesitdifficultforviewerstofindtherightpointofinterestattheright
moment(Ardisara&Fung,2018;Linetal.,2017);becauseofthat,studentsmightmisssomething
important(Kavanaghetal.,2016),orgetdisorientatedanddistracted(Fokides&Arvaniti,2020).
360ovideoscancausewhatiscalledthe“noveltyeffect,”thatisstudents’overexcitementbecause
oftheuseofanew“gadget”inteaching.Thenoveltyeffectactsasastrongdistractionfactorthat
canderailthelearningprocessanddiminishthelearningoutcomes(Ruppetal.,2016).Asfaras
easeofuseisconcerned,usersdidnotreportsignificantdifficulties(Bernsetal.,2018),although
inlow-techHMDsthereweresomeusabilityproblems,probablybecausetheofwaynavigationwas
implemented(Fokidesetal.,2020).Nevertheless,afamiliarizationperiodisadvisable(Hodgson
etal.,2019),asusers,beingusedinwatchingconventionalvideos,mighthavetroublewithhowto
usetheapplicationsorhowtonavigate(Antlejetal.,2018).Finally,researcherssuggestedthatthe
feelingofimmersionislowerwhenlow-techHMDsareusedandthat,ingeneral,360ovideosoffer
lowerlevelsofimmersioncomparedtoexperiencesthatarebasedon3Dgraphics(Ruppetal.,2019).

Therearemixedresultsinresearchcomparing360ovideoswithothereducationaltools.Huang
etal.(2019)comparedconventionaland360ovideos,havingsecondarystudentsastheirtargetgroup.
Theyconcludedthatthelatterproducedbetterlearningoutcomes.Calvertetal.(2019)arguedthat,
comparedtoconventionalvideos,360ovideoshelpedstudentstobetterunderstandhistoricalevents.
Fokidesetal.(2020)foundthathighschoolstudentsweremoremotivatedandlearnedmorewith
360ovideos thanwithprintedmaterialandwebpages,again in thecontextofHistory teaching.
Adultsbecamemoreawareofenvironmentalissuescomparedtotheuseofprintedmaterial(Ahmad
etal.,2019).Similarly,Jongetal.(2020)concludedthat,inthecontextofGeographyteachingin
secondaryeducation,thelearningoutcomeswerebetterwhen360ovideoswereused,comparedto
printedmaterial.Otherssuggestedthat,comparedtoconventionalteachingtools(suchasPowerPoint
presentations),360ovideoshadagreaterimpactonmotivationtolearnandsatisfaction,creatingthe
conditionsforenhancedlearningperformance(Changetal.,2019).

However,inothercases,researchersarguedthatthelearningoutcomeswerenotthatdifferent
(e.g., Karageorgakis & Nisiforou, 2018) and that the same applied for the learning satisfaction
(Ulrichetal.,2019).Leeetal.(2017)examinedthedifferenceswhenpresenting360ovideosusing
HMDs,monitors,andsmartphones.Theysuggestedthatalthough360ovideostogetherwithHMDs
didnotpromotethememorizationofthelearningcontent,theywereconsideredmoreenjoyableand
engaging,whiletheyhelpedparticipantstoacquirepracticalknowledgeandskills.SlavovaandMu
(2018)foundthat,comparedtoPowerPointpresentations,universitystudentshadtroublerecalling
informationrelatedtodatesandnumbers,duetotheincreasedcognitiveloadcausedbythe360o
videos.Ontheotherhand,theparticipantswereabletobetterrecallconceptsandprinciplesand
consideredtheirexperiencewith360ovideosamoreenjoyableone.Han(2020)compared360ovideos
presentedeitherusingHMDsorlargemonitorsandfoundthatalthoughengagement,presence,and
realismwerehighintheformercase,studentsdidnotthinkthat360ovideostogetherwithHMDs
facilitatedtheirlearning.Inthefieldofhealthcareeducation,Ulrichetal.(2019)compared360o
videos,conventionalvideos,andconventionalteaching.Theyfoundnodifferencesinthelearning
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outcomesbetweenthetwotypesofvideos.Interestinglyenough,learners’satisfactionwasgreaterin
conventionalteaching.Inthecontextofteachingvolleyballskills,ParaskevaidisandFokides(2020)
concludedthat360ovideosmotivatedandhelpedprimaryschoolstudentsmorethanconventional
training,who,however,didnotconsiderthemusefulintheirlearning.

STATEMENT oF THE PRoBLEM ANd RESEARCH HyPoTHESES

Summarizingthestudiespresentedintheprecedingsection,itcanbeconcludedthat360ovideoshave
aninterestingeducationalpotentialworthexploring.However,theexistingliteratureisnotextensive
anditisratherunsystematic;thestillevolvingunderlyingtechnologyisthecauseoftheseproblems.
Moreover,besidesthecontradictingresults,certainmethodologicalissueswereidentified.Forinstance,
themajorityofthestudiestestedprototypes,thesamplesizesandthenumberofinterventionswas
small,comparisonswithothertoolswerenotthatcommon.Childrenand/orprimaryschoolstudents
werescarcelythetargetgroup(e.g.,Minochaetal.,2017;Fokides&Kefalinou,2020;Wuetal.,2019).
Whatismore,fewstudiesaccountedfortheimpactontheresultsofparticipants’priorknowledge
aboutthelearningsubjectthattheyweretaught.

Having these inmind, itwasdecided to implement aprojectwith theobjective to examine
whether360ovideospresentedusingHMDshaveameasurableimpactonprimaryschoolstudents’
learning.Additionally,itwasdecidedtocomparetheresultstothatofprintedmaterial,whichisthe
mostcommonteachingtool,and360ovideospresentedusingPCmonitors,soastoexaminewhether
therearedifferencesbetweenthemediumusedforpresenting360ovideos.Ithastobestressedthatit
wasdecidednottoexaminetheaboveinthecontextofateachingscenario/method.Thatisbecause
systematicteachingdoesnotallowonetodiscernwhetherandtowhatextenttheresultsaredue
tothemediumperse;theteachersandtheteachingmethodalsoplayasignificant-anddifficultto
determine-role.

Aspastresearchassumedthatseveralotherfactorscomeintoplaywhen360ovideosareused,all
relatedtousers’feelingsandopinions(e.g.,enjoyment,motivation,andimmersion),itwasdecided
toquantifytheirimpact,againinrelationtotheabove-mentionedtools.Thus,thefollowingresearch
hypotheseswereformulated:

H1:Aftercontrollingfortheinitialknowledgelevelofprimaryschoolstudentsonagivensubject,
thelearningoutcomeswhenviewing360ovideospresentedusingHMDsarebetterthanthose
achievedwhenstudyingprintedmaterialorviewing360ovideospresentedusingPCmonitors.

H2a-e:Withregardtotheabovetools,studentsconsider360ovideospresentedusingHMDsasbeing
more(a)immersive,(b)enjoyableexperience,(c)usefulintheirlearning,(d)easytouse,and
(e)motivating.

H3a-e:Whenstudentsview360ovideosusingHMDs, theabovefactors,namely(a) immersion,
(b)enjoyment,(c)usefulness,(d)easeofuse,(and(e)motivation,haveasignificantimpacton
theirlearning.

METHod

Research design Considerations and Measures Taken
In this study, a within-subjects research design with three treatments/conditions was applied,
meaning that thesamestudentsused three tools,namelyprintedmaterial,360ovideospresented
usingPCmonitors,and360ovideospresentedusingHMDs.Severalreasonsledtothisdecision.
Firstly,comparedtothebetween-subjects,thewithin-subjectsdesignrequiressmallersamplesizes,
withoutcompromisingthevalidityoftheresults.Thisisaratherimportantadvantage,giventhatthe
projectwascaughtamidsttheCOVIDpandemic.Becauseofit,manyparentsdecidedtoinfrequently
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sendtheirchildren toschool(ornotsendthematall).Therefore, therewasa lowprobabilityof
maintaining a constant (high) number of participants during the implementation of the project.
Secondly,individualdifferencesdonotcauseconfoundingeffectsbecausethetreatmentsinclude
theexactsameparticipants.Thirdly,thevarianceamonggroupsisnotanissuebecauseparticipants
serveastheirowncontrols(Keren,2014).

However,thewithin-subjectsdesignhasdisadvantagesrequiringspecificmeasures.Toaddress
theconfoundingeffectsofenvironmentalandtime-relatedfactorsandastheprojectwasimplemented
duringschoolhours,allsessionswereconductedonthesamedaysoftheweekandatthesamehours.
Thisalsohelpedtoeliminatetheeffectsofexternalfactorssuchasstudents’tirednessorlossofinterest
duetopreviousactivities/lessons.Theordereffectsareprobablythemostimportantonesbecause
participationinoneconditioncanaffecttheresultsinanother.Forexample,thescoresinevaluation
testsmayimproveoneachadministration,becauseofpractice.Toavoidthis,thelearningmaterial
wasnotthesameacrosstools,but,atthesametime,itwascomparable/equipollent.Thisissueis
furtherelaboratedinthe“Materialsandapparatus”section.Moreover,itwasdecidedparticipantsto
useeachtoolthreetimes,inordertocollectmoredataand,thus,increasetheirreliability.Finally,in
ordertoavoidthecarryovereffects,aswellastheordereffects,theuseofthetoolswasrandomized
andstudentswerenotinformedaboutwhichtooltheyweregoingtouseineachsession.

Sample
ApoweranalysisforsamplesizeestimationwasperformedusingG*power.Theobjectivewasthe
samplesizetoallowforthedetectionofmedium-sizedeffectsbutwithmorethanenoughpower.
FollowingCohen’s(1969)guidelines,forfCohen=.25,α=.05,power=0.95,threetools,andthree
measurementsforeachtool,theprojectedsamplesizewasatleastforty-fiveparticipants.

As the study’s target-group was primary school students, their age-range was another
consideration.Itwasdecidedsixth-gradestudents(ageseleventotwelve)toparticipate,havingin
mindthatthelearningmaterialthatwasgoingtobedevelopedincludedquiteadvancedandcomplex
subjects.Followinganopencallforsixth-gradeteachersworkinginpublicschoolsinAthens,Greece
toparticipateintheproject,theonesthatagreedwerecontactedandwereaskedtoprovidecertain
detailsfortheirstudents.Asaresult,twoclasseswereselected,havingatotaloffiftystudents,who
(i)werenotformallytaughtthesubjectsincludedintheproject(orsimilarones),(ii)hadnoprior
experiencewithHMDsor360ovideos,and(iii)theiracademicperformance,asassessedbytheir
gradesinpreviousclasses,fallintothreecategories(low,intermediate,andhigh)with-moreorless-
anequalnumberofstudentsineach.

Because minors were involved, the university provided ethical clearance for the project. In
addition,twoweekspriortothebeginningoftheproject,students’parentswereformallyinformed
ofitsobjectivesandproceduresandtheyprovidedtheirwrittenconsent.

Materials and Apparatus
Most of the freely available 360o videos were produced just for fun/entertainment, or they are
documentariesandvirtualguidedtoursofcitiesandplacesofinterest.Videosfallingintothelast
twocategoriescancertainlybeusedforeducationalpurposesandcertainlymanyofthemareofhigh
quality(intermsofproductionandcontent).Thenagain,oneoftheprerequisitesoftheprojectwas
thelearningmaterialacrossalltoolstobecomparable(seesection“Researchdesignconsiderations
andmeasurestaken”).Thismeantthatthematerial,regardlessofthetoolthatwasgoingtobeused
forpresentingit,notonlyhadtobesimilarintermsofitssubjectmatter/theme,butalsoofsimilar
quality,quantity,presentation,andcognitiveload(e.g.,thesameamountoftext,images,figures,
numberofterms,dates,andfacts,andofthesamedifficultylevel).Thesearchfor360ovideosthat
satisfiedtheseconditionswasunsuccessful.Thus,outofnecessity,thevideoshadtobeproduced
fromscratch.
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Regrettably,althoughGreeceisfullofarchaeologicalsites,manyofwhichareincludedinthe
WorldHeritageListorareconsideredofsignificantimportance,Greekstudentswhilestudyingin
primaryschool,donotlearnmuchaboutthem(forsome,theydonotlearnanythingatall).Thus,
itwasconsideredmostappropriatethegeneralthemeofthelearningmaterialtobeguidedtoursof
suchplaces.Ninearcheologicalsiteswereselectedandwererandomlyassignedtoatool(Table1).

Theproductionofthe360ovideoswasaratherlaboriousprocess.Thefirststepwastovisitthe
archaeologicalsitesandrecordseveralscenesusinga360ovideocamera.Video-editingfollowed,
using Adobe Premiere Pro (https://www.adobe.com/products/premiere.html), with stabilization
beingthemostvitalpart,asseveralsceneswereshotwhilewalkingandholdingthecamera.Music
andnarration/voiceoverswerealsoincludedduringthisstage.Inparallel,anextensivesearchwas
conducted for locating freely available information/texts, images, and conventional videos to go
togetherwiththe360ovideos.Ithastobenotedthatalthoughalltherelevanttextscamefromreliable
sources(e.g.,theMinistryofCulturalAffairsandthewebsitesofmuseums),theywererevisedso
astobebetteralignedtostudents’age.

Forthedevelopmentofvirtualguidedtours,theeditedscenestogetherwiththeaccompanying
conventional videos, images, and texts, were then imported into 3D Vista Virtual Tour (https://
www.3dvista.com/).Thissoftwareallowsforinteractivehotspotstobeembeddedin360ovideos,
soastotriggerevents.Inthecaseoftheproject’svideos,theyservedtwofunctions.Forthefirst,
hotspots were placed at points of interest present in a scene. When activated, pop-up windows
appeared,presentingadditionalinformation(intheformoftexts,conventionalvideos,andimages).
Forstudentstokeeptrackofhowmanypointsofinterestwereincludedinascene,anumberatthe
topofthescreenindicatedexactlythat.Asecondnumberindicatedhowmanyofthemhadalready
been activated. The second function was the transition between scenes. To ensure that students
viewedallthepointsofinterest,thehotspotforadvancingtothenextscenewasactivatedonlyafter
allthepointsofinterestwereflaggedas“visited.”Attheendofthetour,severalhotspotspresented
asummaryofthetour’smostimportantinformation.Finally,theresultingtourswereexportedeither
asstand-aloneapplications(forpresentingthe360ovideosusingPCmonitors)orasAndroidapps
(forpresentingthe360ovideosusingHMDs).

Theprintedmaterialalso followed the logicandorganizationofaguided tour, thoughwith
severaladjustmentsbecauseofthemedium’slimitations.Forinstance,apageortwohavingaseries
ofimagesweretheequivalentsofavideoscene.Thehotspotsandpop-upwindowswerereplacedby
numbersplacedintheimagesandframespresentingadditionalimagesandtext.Textwasalsoused
insteadofnarrations.Screenshotsfromtheprintedmaterial(Figure1)andthevirtualtours(Figure
2)areshownhere.

IthastobestressedthataconsiderableeffortwasputsoasallthematerialtofollowMayer’s
(2009)twelveprinciplesofmultimedialearning.Forexample,thecoherenceprincipledictatesthat
individuals learnbetterwhenwords,pictures, andsounds irrelevant to the subject areexcluded.
Tocomplywiththis,excessinformationthatmightoverloadorconfusestudentswasdeleted.The
redundancyprinciplesuggeststhatgraphicstogetherwithnarrationarebetterthanthesimultaneous
presentationofgraphics,narration,andtext.Asaresult,wheneverimageswerecoupledwithnarration,

Table 1. The teaching/learning subjects

Printed material 360o videos presented using 
monitors 360o videos presented using HMDs

ThepalaceofKnossos ThetempleofOlympianZeus ThetempleofAphaia

ThetempleofApolloEpikourios TempleofPoseidon-Sounio ThearcheologicalsiteofDelphi

ThearcheologicalsiteofOlympia ParthenonandPropylaea TheancientAgoraofAthensandthe
templeofHephaistos

https://www.adobe.com/products/premiere.html
https://www.3dvista.com/
https://www.3dvista.com/
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Figure 1. Screenshots from the printed material

Figure 2. Screenshots from the 360o videos
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eventheambientmusicwasturnedoff.Inallcasesinwhichtextwaspresentedtogetherwithimages
(asthemultimediaprincipleandthetemporalcontiguityprinciplesuggest),theywereplacednear
eachothersoastocomplywiththespatialcontiguityprinciple.Also,themethodwithwhichthe
transitionbetweensceneswasimplemented,satisfiedthesegmentingprinciplewhichsuggeststhat
user-pacedsegmentsarepreferredoveracontinuousunit.

Fortheconditioninwhichthe360ovideoswerepresentedusingHMDs,6.15”smartphones
runningAndroid10wereused,togetherwithGooglecardboardcompatibleHMDsandheadphones.
AlthoughGoogleCardboardcompatibleHMDsarelow-techHMDs,theirnegligiblecosttogether
withthefactthatalargepercentageofstudentsalreadyownsmartphones,renderstheiruseinreal
teachingconditionsmoreprobablethantheuseofhigh-qualityHMDs.Fortheconditioninwhich
the360ovideoswerepresentedusingPCs,27”full-HDmonitorsandheadphoneswereused.

Procedure
Ithastoberemindedthattheproject’sobjectivewastoexaminetheimpactof360ovideosperse;
studentshadtolearnbythemselvesasno“teaching”tookplace.Thus,therewasnoneedtodevelop
ormodifyanexisting teaching framework.Usability issuesand technicalproblemsarealwaysa
concernwhenICTsareused,especiallybyyoungstudents.Astheparticipatingstudentshadnoprior
experienceinviewing/using360ovideosandGooglecardboardcompatibleHMDs,afamiliarization
sessionwasconsideredimportant.Forthatmatter,usingthePCsavailabletotheirschools’computer
labs,theywereallowedtoviewa360ovideowithinteractivefeatures,similarbutnotrelatedtoany
oftheproject’ssubjects.Another360ovideowasinstalledonthesmartphonesusedintheproject
andstudentsusedtheGooglecardboardcompatibleHMDsforviewingit.Theyalsofamiliarized
themselveswithhowtoadjustthestrapsandlenses.

Eachsessionwasconductedonanindividualizedbasis,inofficesavailabletostudents’schools,
andlastedfor twentyminutes.This timewasconsideredenoughforanaveragestudent toeither
thoroughlyreadtheprintedmaterialorviewthe360ovideos.Duringsessions,onlyonestudentand
oneresearcherwerepresent.Thelatterdidnotprovideanyhelpotherthantechnicalassistance(if
needed),soastoavoidbias.Theonlyinstructiongiventostudentswasthattheirgoalwastotryand
learnasmuchaspossible.Anofficedeskandachairwereusedfortheprintedmaterialorthe360o
videospresentedusingPCmonitors.Aswivelingofficechair(withenoughspacearoundit)was
usedforthe360ovideospresentedusingHMDs.Fortheevaluationtests,thatimmediatelyfollowed,
fifteenminuteswereallocated.

Instruments
ForexaminingH1(i.e.,theimpactofeachtoolonstudents’knowledge)andsincetherewasatotal
ofninesessions,anequalnumberofevaluationtestswasassembled.Eachtestconsistedoffifteen
multiple-choicequestionswiththreepossibleanswers(onlyonebeingcorrect).Acorrectanswer
receivedfivepoints,while,fordiscouragingguessing,apointwassubtractedfromthetotalscorein
caseofawronganswer.Thetestsalsoincludedtwoopen-endedquestions,inwhichstudentswere
askedtoprovideexplanationsortheirviews.Themaximumscorethatcouldbeachievedineachtest
wasonehundredpoints.Fordeterminingwhatquestionstoinclude,theparticipatingteachesandthe
researcherscontributedtoaninitialpoolofquestions.Thesewerelaterdiscussedinaseriesofonline
meetings,inwhichtheirdifficultylevelandpurposewereassessed.Thetestswereadministeredat
theendoftheircorrespondingsession.Asampleofthequestionsincludedinatestispresentedin
Figure3.Followingthesameprocedureandforrecordingstudents’priorknowledge,apre-testwas
developed,havinga totalof thirtymultiple-choicequestions.This testwasadministeredaweek
beforethebeginningoftheproject.

For examining H2a-e, five factors (namely immersion, enjoyment, ease of use, subjective
usefulness,andmotivation)wereselectedfromamodularvalidatedscaledevelopedforrecording
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users’experienceswhenusingdigitaleducationaltools(Fokidesetal.,2019).Theitems,twenty-three
intotal,werepresentedinafive-pointLikert-typescale(stronglydisagree=1tostronglyagree=5).
ThequestionnairecanbefoundinTable8intheAppendix.Itwasadministeredthreetimes,during
thelasttimeatoolwasused.

Initial data Processing
Fourparticipantswereexcludedfromthedataanalysisbecausetheywereabsentinatleastonesession.
Therefore,thefinalsamplewasforty-sixstudents,agedeleventotwelve.Alltheevaluationtestswere
gradedona0to100scale.Astherewerethreeevaluationtestspertool,threenewvariableswere
calculated,representingstudents’meanscoresintheevaluationtestsofeachtool.Thequestionnaires
werecheckedformissingandunengagedresponses(nonewerefound).Theirinternalconsistency
wascheckedusingCronbach’salpha.Itwasfoundthatinallcases(includingeachfactor),αwaswell
abovethe.70threshold;consequently,theirinternalconsistencywasconsideredacceptable(Taber,
2018).Followingthat,fifteennewvariableswerecalculated,representingtheitems’meanforeach
factor(fivefactorsXthreequestionnaires).AlltheabovedatawereimputedinSPSS26forfurther
analysis.Thevariables’descriptivestatisticsarepresentedinTable2.

Asthegoalwastoexaminethedifferencesinthelearningoutcomesofthethreetools,
after controlling for students’ prior knowledge, a within-subjects Analysis of Covariance
(ANCOVA)wasconsideredtheappropriatestatisticalmethod,havingasthewithin-subjects
factortheresultsintheevaluationtestsandascovariatetheresultsinthepre-test.Aseries
oftestsexaminedwhethertheassumptionsforthistypeofanalysisweremet:(i)normality
was assessed using Q-Q scatterplots, (ii) homoscedasticity was assessed by plotting the
residualsagainstthepredictedvalues,(iii)sphericitywasassessedusingMauchly’stest,(iv)
theexistenceofinfluentialpointsintheresidualswasexaminedbycalculatingMahalanobis
distances andby comparing them to aχ2 distribution, (v) the assumption for homogeneity
ofregressionslopeswasassessedbyincludinginteractiontermsbetweeneachindependent
variableandthecovariateandbyrerunningtheANCOVA,and(vi)thecovariate-independent
variableindependencewasassessedbyconductinganANOVAforeachcovariate-independent
variablepair(Field,2013).Theabovetestsdidnotrevealanyproblems.

For examining the results in the questionnaires, five within-subjects ANOVAs were to be
conducted,havingasthewithin-subjectsfactortheresultsinthequestionnaires’factors.Again,the
assumptionsforthistypeoftestwerechecked.Thesphericityassumptionwasviolatedonlyinthe
factorlabeledas“Enjoyment.”Toaddressthisissue,thep-valuescalculatedforthisfactorusedthe
Greenhouse-Geissercorrection(Greenhouse&Geisser,1959).

Forallthesubsequentanalyses,analphaof.05wasused.

Figure 3. Sample questions in the evaluation tests
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RESULTS

Analysis of the Evaluation Tests
Table3presentstheresultsoftheANCOVA.Themaineffectofstudents’priorknowledgewasnot
significant[F(1,44)=0.66,p=.422].Ontheotherhand,thereweresignificantdifferencesinthe
learningoutcomesofthethreetoolsandtheeffectsizewaslarge[F(2,88)=6.34,p=.003,η2

p=
0.13].Theinteractioneffectbetweenthewithin-subjectsfactorandthePre-testwasnotsignificant

Table 2. Descriptive statistics for the study’s variables

Variable M SD
95% conf. interv.

L. bound Up. bound

Pre-test 26.96 13.27 23.02 30.90

Printedmaterialtests 42.13 13.56 38.10 46.16

360oPCtests 41.13 13.12 37.23 45.03

360oHMDstests 48.70 12.86 44.88 52.51

Immersionprinted 3.18 0.79 2.95 3.42

Enjoymentprinted 3.83 0.81 3.59 4.07

Subjectiveusefulnessprinted 3.58 0.81 3.33 3.82

Easeofuseprinted 3.79 0.61 3.61 3.97

Motivationprinted 4.05 0.80 3.81 4.29

Immersion360oPCmonitors 3.24 0.69 3.04 3.45

Enjoyment360oPCmonitors 4.13 0.78 3.90 4.37

Subjectiveusefulness360oPCmonitors 3.96 0.80 3.72 4.19

Easeofuse360oPCmonitors 4.17 0.60 4.00 4.35

Motivation360oPCmonitors 4.12 1.06 3.80 4.43

Immersion360oHMDs 3.64 0.86 3.39 3.90

Enjoyment360oHMDs 4.50 0.51 4.35 4.65

Subjectiveusefulness360oHMDs 4.08 0.77 3.85 4.31

Easeofuse360oHMDs 4.11 0.64 3.91 4.30

Motivation360oHMDs 4.44 0.87 4.18 4.69

Table 3. The ANCOVA results

Source df SS MS F p ηp
2

Between-Subjects

Pre-test 1 223.29 223.29 0.66 .422 0.02

Residuals 44 14946.01 339.68

Within-subjects

Evaluationtests 2 1122.28 561.14 6.34 .003 0.13

Pre-test*Evaluationtests 2 506.26 253.13 2.86 .063 0.06

Residuals 88 7790.61 88.53
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[F(2,88)=2.86,p=.063,η2
p=0.06],indicatingthatthestrengthoftherelationshipbetweenthe

outcomeandtheinteractionofthePre-testdidnotchangesignificantlyforallthecombinationsof
thewithin-subjectsfactorandPre-test.

Thepairwisecontrastsrevealedthat(i) theresultsfromtheuseoftheprintedmaterialwere
notdifferentfromtheresultsfromtheuseof360ovideospresentedusingPCmonitors(p=1.000,
dRep. meas.=0.08-small),(ii)theresultsfromtheuseoftheprintedmaterialweresignificantlylessthan
theresultsfromtheuseof360ovideospresentedusingHMDsandtheeffectsizewasmedium(p=
.009,dRep. meas.=0.46-medium),and(iii)theresultsfromtheuseof360ovideospresentedusingPC
monitorsweresignificantlylessthantheresultsfromtheuseof360ovideospresentedusingHMDs
andtheeffectsizewasmedium(p=.001,dRep. meas.=0.55-medium)(Table4).

Thus,H1isconfirmed;aftercontrollingfortheinitialstudents’knowledgelevel,360ovideos
presentedusingHMDsproducebetterlearningoutcomescomparedtobothprintedmaterialand360o
videospresentedusingPCmonitors.

Analysis of the Questionnaires
Comingtothequestionnaires,Table5presentstheANOVAresults.Evidently,themaineffectofthe
within-subjectsfactorwassignificantinallcasesexceptinMotivation[F(2,90)=4.38,p=.015,η2

p
=0.09-mediumforImmersion;F(1.66,74.68)=10.08,p<.001,η2

p=0.18-largeforEnjoyment;
F(2,90)=5.38,p=.009,η2

p=0.11-mediumforSubjectiveusefulness;F(2,90)=4.96,p=.009,
η2

p=0.10-mediumforEaseofuse;andF(2,90)=2.43,p=.094,η2
p=0.05-lowforMotivation].

Table 4. Pairwise contrasts for the evaluation tests

Contrast Difference SE p
95% conf. interval

dRep. meas.L. bound Up. bound

Printed-360oPCmonitors 1.00 1.84 1.000 -3.58 5.58 0.08

Printed-360oHMDs -6.57 2.10 .009 -11.78 -1.35 0.46

360oPCmonitors-360oHMDs -7.57 1.94 .001 -12.40 -2.73 0.55

Notes. The p-values were calculated using the Bonferroni adjustment; p-values equal to 1.000 are possible when using this adjustment

Table 5. The ANOVA results

Factor Source df SS MS F p ηp
2

Immersion
Withinfactor 2 5.66 2.83 4.38 .015 0.09

Residuals 90 58.17 0.65

Enjoyment
Withinfactor 1.66 10.13 6.11 10.08 <.001 0.18

Residuals 74.68 45.22 0.60

Subjective
usefulness

Withinfactor 2 6.340 3.17 5.38 .006 0.11

Residuals 90 52.998 0.59

Easeofuse
Withinfactor 2 3.861 1.93 4.96 .009 0.10

Residuals 90 35.062 0.39

Motivation
Withinfactor 2 3.898 1.95 2.43 .094 0.05

Residuals 90 72.327 0.80
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Thepairwisecontrasts(Table6)revealedthat:

• Whileimmersionintheprintedmaterialwasnotdifferentthanthatinthe360ovideospresented
usingPCmonitors,itwassignificantlylessthanthatinthe360ovideospresentedusingHMDs
(p=.046,dRep. meas.=0.44-medium).Students’immersionwhenusingbothformsof360ovideos
wasnotdifferent.

• Students’enjoymentwasthesamewhenusing/viewingeithertheprintedmaterialorthe360ovideos
presentedusingPCmonitors.Thenagain,theirenjoymentwhenviewingthe360ovideospresented
usingHMDswasgreatereithercomparedtotheprintedmaterial(p<.001,dRep. meas.=0.59-medium)
orthe360ovideospresentedusingPCmonitors(p=.014,dRep. meas.=0.38-smalltomedium).

• Studentsconsideredthe360ovideospresentedusingHMDsasbeingmoreusefulintheirlearning
onlywhencomparedtotheprintedmaterial(p=.009,dRep. meas.=0.45-medium);inalltheother
pairwisecomparisons,thetoolswereconsideredasbeingequallyuseful.

• The360ovideospresentedusingPCmonitorswereconsideredasbeingeasiertouseonlywhen
comparedtotheprintedmaterial(p=.024,dRep. meas.=0.49-medium);inalltheotherpairwise
comparisons,thetoolswereconsideredequallyeasytouse.

• Finally,aspresentedintheprecedingparagraph,alltoolswereconsideredequallymotivating.

Onthebasisoftheaboveresults:

• H2a is partially accepted; 360o videos presented using HMDs provide a more immersive
experiencetostudentsonlywhencomparedtoprintedmaterial.

• H2bisaccepted;viewing360ovideospresentedusingHMDsoffersamoreenjoyableexperience
tostudentscomparedtotheothertwotools.

• H2cispartiallyaccepted;360ovideospresentedusingHMDsareconsideredmoreuseful in
studentslearningonlywhencomparedtoprintedmaterial.

• H2disrejected;360ovideospresentedusingHMDsareaseasytouseastheothertools.
• H2eisrejected;thethreetoolsequallymotivatestudentstolearn.

Table 6. Pairwise contrasts for the questionnaires

Factor Contrast Difference SE p
95% conf. interval

dRep. meas.L. 
bound

Up. 
bound

Immersion

Printed-360oPCmonitors -0.06 0.14 1.000 -0.40 0.28 0.06

Printed-360oHMDs -0.56 0.15 .046 -0.95 0.01 0.44

360oPCmonitors-360oHMDs -0.40 0.18 .088 -0.84 0.04 0.36

Enjoyment

Printed-360oPCmonitors -0.30 0.18 .287 -0.74 0.14 0.28

Printed-360oHMDs -0.66 0.14 <.001 -1.01 -0.32 0.59

360oPCmonitors-360oHMDs -0.36 0.12 .014 -0.66 -0.06 0.38

Subjective
usefulness

Printed-360oPCmonitors -0.38 0.17 .096 -0.81 0.05 0.34

Printed-360oHMDs -0.50 0.16 .009 -0.90 -0.11 0.45

360oPC-360oHMDs -0.12 0.15 1.000 -0.49 0.24 0.12

Easeofuse

Printed-360oPCmonitors -0.38 0.14 .024 -0.73 -0.04 0.49

Printed-360oHMDs -0.32 0.13 .056 -0.64 0.01 0.38

360oPCmonitors-360oHMDs 0.07 0.12 1.000 -0.24 0.37 0.08
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Additional Analysis
Giventheaboveresults,itwasdecidedtoconductanadditionalanalysis,inordertogatherinsights
fortheexactimpactoftheabovefactorsonthelearningoutcomeswhenusingthethreetools.For
thatmatter,threemultipleregressionanalyseswereconducted,usingtheEntermethod.Ineach,the
dependentvariablewasstudents’meanscoresintheevaluationtestsandtheindependentvariables
werethemeanscoresofthequestionnaires’fivefactors.Cautionisadvisedwheninterpretingthe
resultsbecausethesamplesizewasslightlybelowtherecommendedforthistypeofanalysis(ten
observationsforeachindependentvariable,Hairetal.,2014).Nevertheless,andquiteinterestingly,
theresultsdemonstratedthat,regardlessofthetool,noneofthefivefactorshadanimpactonstudents’
knowledge(Table7).Thus,H3a-ehastoberejected.

dISCUSSIoN

Theanalysisofstudents’evaluationtests,aswellastheanalysisoftheirviewsandfeelingsregarding
thethreetoolsusedinthisstudy,broughtintolightsomefindingsworthyoffurtherdiscussion.In
thesection“Materialsandapparatus”itwastheorizedthatGreekprimaryschoolstudentsarenot
well-informedabouttheircountry’ssignificantarcheologicalsites.Byexaminingtheresultsinthe
Pre-tests(seeTable2),itisratherclearthatthisassumptionwasright,asstudentswereabletoanswer
correctlyaboutaquarterofthequestions.Asignificantimprovementwasnotedintheevaluation

Table 7. Results of the multiple regression analyses

Printedmaterial

Modelsummary F(5,40)=0.47,p=.797,R=.235,R2=.055

Factors b SE B B t p

Immersion -1.03 3.06 -.06 -0.34 .738

Enjoyment 3.27 4.04 .20 0.81 .423

Subjectiveusefulness -2.29 3.59 -.14 -0.64 .526

Easeofuse 4.67 4.50 .21 1.04 .306

Motivation -1.33 3.39 -.08 -0.39 .696

360oPCmonitors

Modelsummary F(5,40)=0.20,p=.962,R=.155,R2=.024

Factors b SE B B t p

Immersion 0.03 3.74 .01 0.01 .995

Enjoyment 1.00 4.02 .06 0.25 .805

Subjectiveusefulness -3.01 4.11 -.18 -0.73 .469

Easeofuse 0.39 3.84 .02 0.10 .919

Motivation 1.18 2.34 .09 0.50 .618

360oHMDs

Modelsummary F(5,40)=0.24,p=.942,R=.171,R2=.029

Factors b SE B B t p

Immersion -0.23 2.44 -.02 -0.09 .926

Enjoyment 0.33 4.94 .01 0.07 .948

Subjectiveusefulness -0.27 3.03 -.02 -0.09 .929

Easeofuse -3.80 3.87 -.19 -0.98 .332

Motivation 1.34 2.62 .09 0.51 .611

Notes. b = unstandardized beta coefficients, SE B = standard errors for B, B = standardized coefficients, t = t-test statistic
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tests.Indeed,takingtheresultsinthePre-testsasabaseline,a55%improvementwasnotedinthe
printedmaterialandin360ovideospresentedusingPCmonitors,andan81%improvementwasnoted
in360ovideospresentedusingHMDs.Itwouldbeunwisetoeithergeneralizetheseresultstoall
learningsubjectsortoconcludethat360ovideostogetherwithHMDsareratherpowerfuleducational
tools.Thenagain,a27%differenceintheresults,whichprovedtobestatisticallysignificant(with
amediumeffectsize),cannotbeoverlooked.Thus,itcanbesupportedthat,withoutneglectingthe
factthatalltoolswereabletoimprovestudents’performance,360ovideostogetherwithHMDsare
expectedtohaveacomparativeadvantage.Pastresearchhadalsocometothesameconclusionbut
bycomparing360oandconventionalvideos(e.g.,Calvertetal.,2019;Fokidesetal.,2020;Huang
etal.,2019).Inthisrespect,thepresentstudyextendstheexistingliteraturebyprovidingevidence
thatthemediumusedfordisplaying360onamelyHMDs,isimportant.

Giventhisoutcome,whatisimportantistoprovideplausibleexplanationsforstudents’better
learningoutcomeswhentheyviewed360ovideosusingHMDs.Thistaskisratherdifficultgiventhe
study’sperplexingresultsaselaboratedbelow.Forexample,previousstudiesnotedelevatedlevelsof
immersionandtheorizedthatthisfacilitatedstudents’learning(e.g.,Argyriouetal.,2016;Bernset
al.,2018;Fokides&Kefalinou,2020).However,severalofthestudy’sfindingsdonotgivesupport
tosuchclaims.Firstly,intheHMDscondition,immersionhadameanscoreofaround3.5,whichwas
thelowestamongthefivefactorsthatwereexamined(seeTable2);thereforestudents’immersionwas
notthathigh.Secondly,the360ovideospresentedusingHMDsprovedtobemoreimmersiveonly
whencomparedtotheprintedmaterial,butthestatisticalsignificancewasborderline(p=.046,see
Table6).Thesetwofindingssomehowconfirmthatlow-techHMDsdonotofferhighlyimmersive
experiences(Ruppetal.,2019).Thirdly,theresultsintheadditionalanalysisdidnotprovideevidence
thatimmersionhadanimpactonthelearningoutcomes(seeTable7).Takentogethertheabove,lead
tothelogicalconclusionthatimmersionhastoberejectedasacontributingfactor.

Thesameappliestomotivation.Researchessuggestedthatmotivationisoneofthe360ovideos’
keyadvantages(e.g.,Fokides&Arvaniti,2020)andthattheymotivatestudentstolearnmorethan
othertools(e.g.,Changetal.,2019;Fokidesetal.,2020;Paraskevaidis&Fokides,2020).Although
highlevelsofmotivationwereobservedwhenstudentsviewedthevideosusingtheHMDs(seeTable
2),theywerenotmoremotivatedthanintheothertools.Again,theadditionalanalysisdidnotsuggest
thatmotivationhadanimpactonlearning(seeTable7).Therefore,aswithimmersion,motivation
hastoberejectedasacontributingfactor.

Animportantdeterminantofa tool’seffectiveness is learningsatisfaction.Evenat theearly
stagesofresearchregardingconventionalvideos,itwasestablishedthatlearners’satisfactionusing
thismediumishigh(e.g.,Ritchie&Newby,1989).Onewouldexpectthat360ovideos,beingmore
impressiveintermsofhowthecontentisvisualized,offerhigherlevelsoflearningsatisfaction(e.g.,
Changetal.,2019;Huangetal.,2019).Learnersatisfactionisamultifacedconstructthatdepends
onavarietyoffactorssuchasthecontext,tools,andsettings(e.g.,Stepanetal.,2017).Nevertheless,
three factors are commonly used for determining it (i) enjoyment while learning, (ii) subjective
usefulness,aparameterwidelyusedfordeterminingtheimpactoftechnologicaleducationaltools
suchasaugmentedreality(e.g.,Akçayır&Akçayır,2017);inessence,thisfactorindicateswhether
usersconsiderthegiventoolasalearningfacilitator,and(iii)easeofuse.

Inlinewithpastresearch(e.g.,Changetal.,2019;Fokides&Kefalinou,2020;Leeetal.,2017),
thestudy’sdataprovidedevidencethatstudents’enjoymentwhentheyviewedthevideosusingHMDs
washigherthanintheothertools.Moreover,the360ovideostogetherwithHMDswereconsidered
moreusefulthantheprintedmaterial(seeTable6).Thisfindingisratherencouraginggiventhat
pastresearchsuggestedthat360ovideostogetherwithlow-techHMDsdidnotconvincestudentsthat
theycanfacilitatetheirlearning(e.g.,Han,2020,Paraskevaidis&Fokides,2020).Comingtoeaseof
use,thestudy’sfindingssuggestedthatstudentsdidnotfaceanysignificantproblems.Infact,itwas
foundthatthe360ovideospresentedusingPCmonitorswereeasiertousethantheprintedmaterial
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(seeTable6).Generallyspeaking,easeofuseisnotaconcern(e.g.,Bernsetal.,2018),although
inlow-techHMDssomeissueswerereported(e.g.,Antlejetal.,2018;Fokidesetal.,2020).Inany
case,itcanbeassumedthatthefamiliarizationsession,asadvisedbyothers(e.g.,Hodgsonetal.,
2019),helpedtoavoidstudents’difficulties.Thus,itcanbeconcludedthatthelearningsatisfaction
was-moreorless-betterinthiscondition.Alas,theadditionalanalysisindicatedthatenjoyment,
subjectiveusefulness,andeaseofusewerenotcorrelatedwiththelearningoutcomes(seeTable7).
Consequently,aswithmotivationandimmersion,thesethreefactorshavetoberejected,astheyhad
noeffectwhatsoeveronthelearningoutcomes.

Tosummarize,theresultsintheadditionalanalysisimpliedthatlearningin360ovideospresented
usingHMDs(aswellas in theother tools)was independentof (ornotmediatedby)enjoyment,
immersion,easeofuse,subjectiveusefulness,andmotivation.Thisfindingisrathertroubling.It
uniformlycontradictstherelevantliterature(aspresentedinthesection“Educationalusesof360o
videos”)theorizingthattheincreasedlevelsoftheabovefactors,causedby360ovideos,eventually
contributetothelearningoutcomes.Thus,theonlyreasonableconclusionleftisthatthemediumused
forpresentingthevideoswasthesolecrucialfactor.Moreover,asinthisprojecttheuseofthethree
toolswasstrippedfromsystematicteaching,itcanbeassumedthatteachersandteachingframeworks
areimportantformotivatingstudentsandforaccentuatingtheimpactofamedium.

Implications for Research and Practice
Thestudycontributestotheexistingbodyofresearchasit(i)quantifiedthelearningoutcomesfrom
theuseof360ovideospresentedusingHMDsinthecontextofvirtualtourstoplacesofarchaeological
interest,(ii)contrastedtheseoutcomeswiththatofprintedmaterialand360ovideospresentedusing
PCmonitors,demonstratingthat,intermsoflearning,360ovideospresentedusingHMDshavea
ratherimportantadvantageovertheothertools,(iii)exploredstudents’viewsandfeelingsfor360o
videos.Expertsinvolvedinthedevelopmentofapplicationsutilizing360ovideosmightfinduseful
thestudy’sfindings.Forexample,studentsenjoyedtheexperienceoflearningwith360ovideos,but,
atthesametime,theirmotivationtolearnwasnotthatdifferentthanthatoftheothertools.Some
researcherssuggestedthat,regardlessoftheunderlyingtechnology,bothmotivationandenjoyment
canbefacilitatedbyaddinggame-likefeaturestotheeducationalapplications(e.g.,Fokidesetal.,
2019).Therefore,softwaredeveloperscanconsideraddingsuchfeatures toapplicationsutilizing
360ovideos.However,asoverexcitementisaconcern(Ruppetal.,2016),cautionisadvised,soas
nottodistract/overwhelmstudentsandkeepabalancebetweengame-likefeatures/funandlearning.‘

Althoughinthisstudylow-costHMDswereusedthatallowedinteractionstobetriggeredrather
awkwardly(studentshadtolooktowardsthedirectionofahotspotandholdtheirheadsstillfora
fewseconds),easeofusewasnotaconcern.Ontheotherhand,easierormore“naturally”triggered
interactions,usingcontrollersorhandtrackingdevices,mighthavehelped.Although,technically
speaking,suchsolutionsarenothardtoimplement,thetrade-offistheirincreasedcost,duetothe
needforadditionalhardware.ThesameappliestotheHMDs.Asotherssuggested,moreadvanced
onescouldhavehadamorepositiveimpactonimmersionandonthelearningoutcomes(Ruppet
al.,2019).Therefore,researcherscanconsiderconductingcomparativestudiesusingdifferenttypes
ofHMDsandexaminingtheirimpactonimmersionandlearning.

Onthebasisoftheresults,itseemsthattheintegrationof360ovideosintoeverydayteachingis
anappealingpath.Still,asothersalreadynoted(e.g.,Montagudetal.,2020),thelackofpedagogically
soundmaterialisaconsiderableobstacle.Itistruethattherearemorethanenoughfreelyavailable
360ovideos,butitisalsotruethatfewofthemwereproducedhavinglearningastheirprimarygoal.
Moreover,itwouldbeirrationaltoaskeducatorstobecomeproducersofsuchvideos,becausetheir
productionrequiresaconsiderableinvestmentintimeandeffort.Thus,educationpolicymakersand
administratorshavetotakeactionandimplementinitiativesfortheproductionofeducational360o
videosandforprovidingschoolswiththenecessaryequipment.
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Limitations and Future work
Despitetheefforttometiculouslyorganizethestudyanddespitetheinterestingresultsthatwere
brought into light, it is not without limitations that have to be acknowledged. The sample size,
althoughadequateforthestatisticalproceduresthatwerefollowed,didnotallowfortheanalysis
oftheperformanceofstudentsofdifferentlevelsofacademicachievement.Participants’age-range
wasnarrow;thus,thestudycannotofferinsightsregardingtheimpactof360ovideosonstudents
belongingtodifferentage-groups.Onlyonesubjectmatterwastested;therefore,itisunknownwhether
similarresultscanbeexpectedforotherdisciplines/learningdomains.Quitelogically,onemight
havereservationsabouttheresults’generalizability.Thenagain,thestudywashighlyexploratory
innature;theprimaryconcernwastoquantifytheimpactonlearningof360ovideosperse,shape
ageneralideaabouttheirprosandcons,and,dependingontheoutcomes,planfollow-upstudies.
Inthisrespect,theabove-mentionedlimitationscanfunctionasguidelinesforfuturestudies.Larger
samplesizes,moresessions,differentage-groups,anddifferentlearningcontent,arestronglyadvised.
Educational“gadgets,”suchasHMDs,usuallyhaveastrongnoveltyeffect,thatwearsoffaftersome
time(Fokides&Kefalinou,2020);longitudinalstudieswillhelptoremoveitsimpact.Othertypesof
HMDscanalsobeconsidered,ascomparisonswillhelptounderstandtheeffectsofdifferentdevices/
technologies.Finally,itwouldbeofinteresttoexaminetheeducators’viewsabouttheintegration
of360ovideosineverydayteaching.

CoNCLUSIoN

Thestudyoftheeducationalusesof360ovideosisanemergingresearchfield.Giventhat,theirexact
impactonlearningisnotyetclear.Indeed,pastresearch,whilepointedtowardsthegeneraldirection
ofapositiveimpact,therewerealsostudiesreportingmixed,neutral,orevennegativeresults.In
addition,thesevideoscanbeviewedusingdifferentdevices(e.g.,PCs,smartphones,andHMDs).
Moreover,itisratherprobablethatotherfactorsalsoplayanimportantrole,suchasthesettingsor
theteachingframework.Inthiscontext,aprojectwasimplemented,havingasatargetgroupprimary
schoolstudentsandasobjectivesto(i)contrastthelearningoutcomeswhenviewing360ovideos
usingHMDswiththatofprintedmaterialand360ovideosviewedusingPCmonitorsand(ii)examine
participants’viewsandfeelings.Overall,itcanbeconcludedthat360ovideostogetherwithHMDs
promotedstudents’knowledgemoreeffectivelyandofferedamoreenjoyableexperiencethantheother
twotools.Itwasalsoencouragingthatstudentsdidnotfindthemhardertouse.However,theirimpact
onmotivationwasnotthatdifferent,whiletheywereconsideredmoreimmersiveandmoreusefulin
students’learningonlywhencomparedtoprintedmaterial.Thestudy’smosttroublingfindingwas
thatnoneoftheabovefactorscontributedtotheresults,leavingastheonlyvalidexplanationforthe
learningoutcomesthedirectimpactofthetool.Inconclusion,thestudycontributestothegrowing
bodyofresearchregardingtheeducationalusesof360ovideos.Thenagain,therearestillquitealot
ofunresolvedissuesthatleaveplentyofroomforfurtherstudiesinthisfield.
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APPENdIX

Table 8. The questionnaire’s items

Factor Item

Enjoyment

Itwasfuntousethistool*
Ifeltboredwhileusingthistool**
Ienjoyedusingthistool
Ireallyenjoyedstudyingwiththistool
Ifeltfrustrated**

Subjective
usefulness

Ifeltthatthistoolfosteredmylearning
Thistoolwasamucheasierwaytolearncomparedwiththeusualteaching
Thistoolmademylearningmoreinteresting
Ifeltthatthistoolhelpedmetoincreasemyknowledge
IfeltthatIcaughtthebasicsofwhatIwastaughtwiththistool

Easeofuse

Ithinkitwaseasytolearnhowtousethistool
Ifoundthistoolunnecessarilycomplex**
Ithinkthatmostpeoplewilllearntousethistoolveryquickly
IneededtolearnalotofthingsbeforeIcouldgetgoingwiththistool**
IfeltthatIneededhelpfromsomeoneelseinordertousethistoolbecauseItwasnoteasyfor
metounderstandhowtouseit**
Itwaseasyformetobecomeskillfulatusingthistool

Immersion

Iwasdeeplyconcentratedwhenusingthetool
Ifsomeonewastalkingtome,Icouldn’thearhim
Iforgotabouttimepassingwhileusingthetool
Ifeltdetachedfromtheoutsideworldwhileusingthetool

Motivation
Thistooldidnotholdmyattention**
Whenusingthistool,Ididnothavetheimpulsetolearnmoreaboutthelearningsubject**
Thetooldidnotmotivatemetolearn**

Notes. * = the word “tool” was replaced by “printed material”, “360o videos presented using PC monitors”, and “360o videos presented using HMDs”, 
depending on the tool students used; ** = the scoring for these items was reversed


