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ABSTRACT

The study presents the results from a project in which subjects related with history were taught to 
high school students using spherical videos, viewed by means of smartphones and Google 
Cardboard compatible HMDs. The target group was 105, 14-15 years old students, divided into 
three groups. The first used printed material, the second web pages, and the third the HMDs. The 
project lasted for 12 two-teaching-hours sessions (four for each tool), and data were collected 
using evaluation sheets and a questionnaire for recording student views and attitudes. The results 
suggested that students who used the HMDs outperformed students who used the other tools. All 
tools were considered equally effective and the participating students considered the web pages as 
easier to use. Then again, the combination of spherical videos, smartphones, and HMDs was more 
enjoyable and motivating. Though the findings highlighted the educational potential of spherical 
videos when viewed through HMDs, they also point to the need for finding innovative teaching 
methods/frameworks for better exploiting their potential.  
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INTRoDUCTIoN

Thestudyofhistoryisessentialinademocracy,asitallowscitizenstoreachanunderstandingofthe
societytheylivein,ofthehumanrelationsthroughthecourseoftime,andofthereasonsthingsdo
notremainstatic(BradleyCommissiononHistoryintheSchools,1989).Historyeducationprovides
thecontextwithinwhichcitizens,bydrawingknowledgefromthepast,canshapetheirdecisionsfor
thepresent.Toachievethat,certainskillsandpatternsofmindarerequired,suchas(i)toperceive
theeventsastheywereexperienced/perceivedbythepeopleofthetimetheseeventstookplace,(ii)
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tobeabletoconstructivelyquestion,debateupon,andinterpretpasttextsandartifacts,and(iii)to
understandthatourviewsforhistoricaleventsareconstantlyevolvingdependingontheavailable
sourcesandtheirinterpretations(NationalCouncilforHistoryEducation,n.d.).Thenagain,itseems
thatconventionalteachingmethods(e.g.,lecturing)andtools(e.g.,printedmaterial),havefailedto
achievetheabove.Studentsnotonlyhavetroubleunderstandingtheimportanceofhistoricalevents,
buttheyalsofindtheteachingofhistoryboringandwithlittlerelevancetotheirinterests(Angeli&
Tsaggari,2016;Barton&Levstik,2004).Consequently,newteachingtoolsandmethodsareneeded
forraisingstudents’interestinhistoryandforachievingbetterlearningoutcomes.

Videosarewidelyusedasentertainingmediaaswellaseducationaltools.Muchoftheirsuccess
isattributedtothefactthatviewersgetemotionallyinvolvedwithwhattheysee(Carr-Chellman
&Duchastel,2001).Thenagain,videoshavecertainlimitationsthatdonotallowthemtobecome
evenmoreinterestingoreffective.Onesuchisthatviewersareconfinedtoasinglepoint-of-view;
theycannotviewthevideocontentfromadifferentangle/perspective.Yet,anotherformofvideos,
knownas360oorsphericalvideos(SVs),surpassesthislimitation.SVsarerecordedusingpanoramic
camerasabletocaptureimagesfromawholesphereandnotjustfromalimitedfieldofview.They
canthenbedisplayedincomputers,smartphones,orhead-mounteddisplays(HMDs).Incaseofthe
twolatterdevices,theviewerscanturntheirheadsinanydirectiontheylikeandwatchtheportion
oftheSVcorrespondingtothedirectionthey“see.”ThedynamicnatureofSVsisfurtherenhanced
withtheuseofembeddedhotspotsthatcantriggerevents/interactions(e.g.,thedisplayofimages,
text,andregularvideos).Becauseoftherealismandtheinnovativewaythecontentisdisplayed,
SVsareincreasinglyusedinareassuchasengineeringandhealthsciencesandforthepresentation
ofculturalevents,museums,andhistoricalsites.Theyalsofoundtheirwayineducation.Inthis
case,therelevantresearchreportedpromisinglearningoutcomes(e.g.Phametal.,2018),apositive
impactonmotivationtolearn,aswellaselevatedlevelsofenjoymentwhenlearning(e.g.,Leeet
al.,2017;Xieetal.,2019).

Inlightoftheabove,itwasconsideredinterestingtoexaminewhethertheabovepositiveeffects
resultingfromtheeducationaluseofSVscanalsobeachievedwhenteachinghistory-relatedsubjects.
Thus,aprojectwas implemented,havingasanobjective tocomparativelyexamine the learning
outcomesfromtheuseofSVs,webpages,andprintedmaterial.Detailsfortheprojectarepresented
inthecomingsections.

HISToRy AS A LEARNING/TEACHING SUBJECT

Τheteachingofhistory,atall levelsofeducation, isparticularly important,as itallowsstudents
tounderstandcontemporarynational,political,social, religious,andeconomic issues(Zinetal.,
2009).However,itisnotedthat,comparedwithothercourses,historyhasalwaysbeenconsidered
uninterestingandboring.Thatisbecauseitisusuallyconductedusingconventionalmethods/means
(i.e., lecturingandprintedmaterial)andfewteachingaids (e.g.,maps),puttingemphasison the
memorizationofanassortmentofnames,places,events,andchronologicalsequences(Angeli&
Tsaggari,2016).Incontrast,farlessemphasisisputonmakingconnectionsbetweenpastevents,
betweenpasteventsandtheplacestheytookplace,andbetweenpasteventsandthepresentday.
Theseresultinhistoricaldatabeingperceivedasuncorrelated(Barton&Levstik,2004)andalso
causeariftintheconnectionbetweenrealityandlearning(Wong&Ghavifekr,2018).Moreover,
as the emphasis is on memorization, parroting already “processed” knowledge, and conducting
standardizedactivities,neithercriticalthinkingisencouraged,northeformationofhistoricaland/
orculturalidentityisnurtured.

TheabovealsoholdstruefortheGreekeducationalsystem(Angeli&Tsaggari,2016).The
problemisevenmoresevereintheGreekhistorycurriculumforsecondaryeducation.Thesyllabus
isvoluminous,fragmentedintodiscrete/independentparts,eachtaughtatadifferenthigh-school
grade.Inessence,thereisnounifiedcorpusthatwouldallowstudentstocriticallyexamineit;students
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formthe-wrong-impressionthathistoryisjustalinearjuxtapositionofdisconnectedperiods/events
(Vakaloudi&Dagdilelis,2016).

Manyhistoricalsiteshavepropertiesthatcanawetheobserversastheycomeintocontactwith
theircolors,sounds,andsize.Asaresult,theunderstandingofthesite’shistoryandimportanceis
enhanced(Zinetal.,2009).Thesameappliestotheemotionscertainhistoricaleventscanevoketo
aperson.Inthisrespect,theintellectualandemotionalembroilmenthistoricalsitesandeventscan
generatetostudents,ifusedduringteaching,canprobablyincreasetheirinterestandtheirneedto
furtherexplorethem(Rasheedetal.,2015).Inessence,whatissuggestedisthatthereistheneedfor
aninstructivepremutation;fromviewinghistoryasaseriesof-mostlyunconnected-events,tohistory
teachingthatisbasedonreflectionandemotions.Totheabove,technologycanplayadecisiverole
asithasthepotentialtooverturnthetraditionalnarrativeformofhistory.Indeed,ICTscontribute
to history teaching by allowing direct access to (historical) sources, by providing collaborative
learningenvironments,andbyofferingrichvisualizationsandexperiencestostudents(e.g.,through
simulations)(Sutherlandetal.,2004).

Itseemsthatallthemostcommonandwidelyacceptedfortheireducationalvaluetechnologies
andICTapplicationshavebeenused-toavaryingdegree-forhistoryteaching.Infact,thereare
numerousonlineresourcesavailableforschoolusethatcanbeaccessedthroughwebpagesandtheir
usehasbeenstudiedextensively(e.g.,Limetal.,2013;Klein,2017).Quitecommonistheuseof
digitalgames(NorAzan,2013;Senrick,2013;Watsonetal.,2011),aswellasseriousgames(e.g.,
Mortaraetal.2014).Therelevantliteraturealsoreportstheuseofsmartphonesandaugmentedreality
applications(e.g.,KyselaandŠtorková2015;Magroetal.2014),simulations,andvirtualreality(e.g.,
Wright‐Maleyetal.,2018;Yildirimetal.,2018).

SPHERICAL VIDEoS

ThemostbasicdevicesforviewingSVsaresmartphones.However,GoogleCardboardofferedan
extremelylow-costsolutionforexperiencingSVsmoreimmersively.ItisanHMD-likedevicemade
outofCardboardorplasticwithjusttwolensescontainedwithintheenclosure,inwhichasmartphone
is inserted (because itdoesnothave itsowndisplaysas the standardHMDshave).Thebuilt-in
gyroscopeofthesmartphonetrackstheuserheadmovements,displaying,inturn,theportionofthe
SVcorrespondingtotheorientationofthedevice.Giventhatsmartphoneshavelimitedprocessing
power,thequalityofthevideoisinferiortothatofstandardHMDs.Fortriggeringinteractionsand
fornavigating,usershavetofocusonhotspotsembeddedinthesceneandholdthatpositionforabout
twoseconds.Althoughusersdonothavetroubleusingthisinteractionmode,someraisedusability
concerns,astheysupportedthathandtrackingdevicesallowedforamorenaturalinteraction(Miller
&Bugnariu,2016).ProbablythemostsignificantissueofHMDs,butmostlyofdevicessimilarto
GoogleCardboard,issimulatorsickness.AstheviewerisstaticbuttheSVdepictsmovingobjectsor
eventhecameraismoving,thisresultsinsensorimotorcontingencies(theeyesandthebodyprovide
conflictinginformationtothebrain),affectingthevestibularsystem(thesystemresponsibleforthe
senseofbalance,motion,andspatialorientation),which, inturn,causesnauseaand/orvomiting
(Lawson,2014).Understandably,thissituationseverelyimpairsone’scognitiveabilitiesandlearning
experience(Ruppetal.,2019).

Quitereasonably,SVsattractedtheinterestofresearchersandprofessionalsfromavarietyof
disciplines.Forexample,theyareusedforvirtualtourstomuseumsandsitesofculturalandhistorical
interest(e.g.,Argyriouetal.,2017;Minochaetal.,2017),aswellasforthedemonstrationoflab
experiments(e.g.,Ardisara&Fung,2018),orsurgicalprocedures(e.g.,Pulijalaetal.,2018).SVsare
alsousedfortheteachingofcourses/subjectsatalllevelsofeducation,suchasscience,Geography
(e.g.,Minochaetal.,2017;Wuetal.,2019),firstandsecondlanguage(e.g.,Blyth2018;Xieetal.
2019),forconstruction-safety(e.g.,Phametal.2018)orhealthcareeducation(Ulrichetal.,2019),
andfordeliveringuniversitylectures(McKenzieetal.,2019).
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Notwithstandingthebroadscopeofapplications,researchregardingtheeducationalusesofSVs
isstillatitsinfantstage.Consequently,thereareresearchgapsandcontradictoryresults.Ingeneral,
users/studentsfoundthatSVsofferedthemenjoying(Leeetal.,2017)andinteresting(Xieetal.,
2019)experiences thatmotivated themto learn (Karageorgakis&Nisiforou,2018)andengaged
themwiththelearningcontent(Broecketal.,2017).Whilemostreportedpositivelearningoutcomes
(e.g.,Karageorgakis&Nisiforou,2018;Phamet al.,2018),notingbenefits even for studentsof
poorperformance(e.g.,Wuetal.,2019),othersreportednosignificantdifferences(e.g.,Leeetal.
2017)orevenworstlearningoutcomescomparedwithtraditionalteaching(Ulrichetal.,2019).The
lackofawell-developedpedagogicalframeworkfortheirusewasalsonoted(Sultanetal.,2019).
Disorientation,distraction,andlackoffocusarestillunresolvedissues.Forexample,presence,the
feelingofbeing/livinginsidethevirtualenvironment(Falahetal.,2014),wasfoundtobestronginSVs
(Ruppetal.,2016,2019).Thenagain,thisledtolessinformationrecall,asuserswereoverwhelmed
bythenoveltyoftheexperienceandgotdistracted(Ruppetal.,2016).Besidesusersbeingeasily
disorientated(Ardisara&Fung,2018),itisnoteasytodrawtheirattentionandkeepthemfocusedon
whatisimportant;theymightbeinterestingtoacertainpartofthescenewhilesomethingimportant
takesplaceatadifferentpart.

STATEMENT oF THE PRoBLEM AND HyPoTHESES FoRMATIoN

Thebriefliteraturereviewpresentedabovehighlightedcertainimportantissues.First,studentshave
difficultiesinhistoryrelatedlearningsubjects.Second,therearemanyuncertaintiesregardingthe
impactofSVson learning,as theyconstituteanemergingstudyfield,notyetsystemized.Also,
methodologicalissues(e.g.,smallsamplesizesandfewinterventions)arenotuncommon.Although
SVscanbeviewedoncomputersaswell,veryfewstudiescontrastedtheirimpactofthismedium
andHMDs.Mostimportantly,theuseofSVsforhistoryteachingremainsoutsidethemainconcern
of research; to the best of the authors’ knowledge, there are no relevant studies. Therefore, the
objectiveofthepaperistodrawattentiontothepossibilitiesthatSVsofferinthisfield,bytesting
thefollowinghypotheses:

H1:Whenteachingsubjectsrelatedtohistorytohighschoolstudents,theuseofsmartphonesand
HMDssimilartoGoogleCardboardforviewingSVsyieldsbetterlearningoutcomescompared
withotherteachingtools,suchasprintedmaterialorwebpages.

H2a-d:Comparedwithprintedmaterialandwebpages,highschoolstudentsconsidertheuseof
smartphonesandHMDssimilartoGoogleCardboardforviewingSVsas(a)moreenjoyable,
(b)moreuseful,(c)easiertouse,and(d)moremotivating.

METHoD

Fortestingtheabovehypotheses,abetween-subjectsexperimentaldesignwithoneexperimental
(SVs,viewedusingHMDssimilartoGoogleCardboard)andtwocontrolgroups(printedmaterial
andwebpages)wasapplied,Detailsfortheprojectarepresentedinthecomingsections.

Participants and Duration
TheGreekprogramofstudyfortheteachingofhistoryinhighschoolincludessubjectsrelatedto
ancientGreece(firstgrade),theByzantineEmpire(secondgrade),andthemainhistoricalevents
betweenthelatefifteenthcenturyuntiltoday(thirdgrade).Outofthesesubjects,thelatterperiodwas
consideredasbeingtheclosesttostudents’interests.Thus,thestudy’stargetgroupwasthird-grade
highschoolstudents(agesfourteentofifteen).
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Inlinewiththerecommendationsforachievinganordinary/typicalsample(Creswell&Poth,
2017)thefollowingselectioncriteriawereappliedforformingthestudysample:(i)studentstoattend
urbanpublichighschools,(ii)tohaveneverbeforebeentaughtsubjectssimilartotheonesinthe
project,(iii)tohaveneverbeforeusedHMDs,and(iv)theirspreadofabilityandtheratioofboys
andgirlsnottobefaroffofatypicalGreekthirdhighschoolgrade.Severalhistoryteachersworking
inhighschoolsinAthens,Greecewereconductedandinterviewedfordeterminingwhethertheir
studentsmettheabovecriteria.Asaresult,sixclasseswereselected,havingatotalof117students.
Inordertocomplywithrulesforconductingresearchwithminors:(i)aresearchapprovalwasgranted
fromtheUniversity’sethicalcommitteeand(ii)students’parentsprovidedtheirwrittenconsent.

Itwasdecidedsessionstolastfortwoteaching-hourseach.Severalreasonsleadtothisdecision;
theteachingprocedure(presentedinalatersection)-bydefault-requiresalotoftimegiventhat
studentsworkingroups,additionalactivitiesareincluded,andtheiractiveparticipationisencouraged
throughtheexchangeofideasanddiscussions.Moreover,itwasessentialtomakingprovisionsfor
extratime,assomedelaysandtechnicalissuesare-inmostcases-expectedwhenstudentsuseICT
tools.Foursessionsforeachgroupwereconsideredenoughtoformarathercomprehensiveidea
ontheimpactofeachtoolinstudentknowledge.Therefore,theprojectlastedforatotaloftwelve
sessions,frommid-Octobertomid-November2019.

Materials
Animportantconcernwasthelearningmaterialtodiscuss/presentsubjectssuitableforfilming.While
anumberofunitsincludedinthethirdgrade’shistorytextbookmetthiscriterion,veryfewwere
-evenremotely-relatedtoeachother;thus,itwasveryhardtoformacoherentlearningmaterialto
beusedinasequenceofinterventions.Afterreflectingonthemater,itwasdecidedtoselectdifferent
partsofthetextbook,butalltorevolvearoundacentraltheme,namelythehistoryofthePalamidi
fortress,inNafplio,Greece.Itisatypicalbaroquefortress,builtduringthesecondoccupationof
thecitybytheVenetians(1686-1715).ItwascapturedbytheOttomansin1715andpartofitwas
destroyed.Infact,Lasalle(oneoftheengineerswhodesignedthefortress)helpedthemduringits
siege.PalamidiremainedunderOttomancontroluntil1822.DuringtheuprisingofGreeksagainstthe
OttomanEmpire,itwascapturedbyStaikopoulos(aGreekhero)andhismen.In1834,Kolokotronis
(probablythemostprominentfigureoftheGreekuprising)wasaccusedofhightreasonandhewas
imprisonedforelevenmonthsinPalamidi,beforebeingpardoned.Accordingtothelocallegend,
hiscell(whichnowadaysattractsasignificantnumberofvisitors)wasaholeinoneofthefortress’s
bastions,occupyingaspaceofnomorethan1.05X0.69meters.Inlateryears,until1926,Palamidi
becameaninfamousprisonforlong-termconvicts.

Theabovefourdistinctperiodsofthefortress’shistorybecamethebasisforanequalnumberof
teachingunits.Alow-cost360ocamerawasusedforrecordingthenecessarySVsand360ophotos.
Severaleditingstagesfollowed,includingvideostabilization(usingCyberLink’sPowerDirector17),
narrationrecording,video-music-narrationsynchronization,andexportingtheresultingvideosin
4Kresolution.Followingthat,fourguidedvirtualtours(oneforeachteachingunit)weredeveloped
usingUnity.Inthesetours,interactivehotspotswereembeddedwhichallowedthetransitionsbetween
videosandthepresentationofinformationintheformoftexts,photos,andsimplevideos(inaddition
tothenarration).Thehotspotsweretriggeredusingthegazingsystem,meaningthatusershadto
centertheirviewtoahotspotandholdstillforatleasttwoseconds.Forreasonsfurtherelaborated
inthe“Procedure”section,eachtourconsistedoftwoparts,onewhichpresentedthemainlearning
materialandonepresentingtheadditionalone.Finally,thevirtualtourswereexportedasAndroid
apps(Figure.1).TheparticipatingstudentsviewedtheappsusingsmartphonesandHMDssimilar
toGoogleCardboard(oneforeachstudent),providedbytheproject(Figure.2).

AbookletwaswrittenandGooglesiteswereusedforthedevelopmentofawebsite.Although
sequencesofphotosreplacedthevideosinthebooklet,boththebookletandthewebsitepresented
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theexactsame learningmaterial included in thevirtual toursandwerealsosplit into twoparts.
Finally,aseriesofworksheetswerewritten,includingin-classroomactivities,tasks,andexercises.

Instruments
Fourevaluationsheets/teststogetherwithapre-andadelayedpost-testweredevisedforassessing
thelearningoutcomes.Eachevaluationsheetwasadministeredrightaftertheendofasession,
thepre-testwasadministeredaweekpriortothebeginningoftheproject,andthedelayedpost-
testwasadministeredthreeweeksafteritsend.Aroundathirdofthequestionsincludedinthese
testsexaminedtheacquisitionofdeclarativeknowledge(e.g.,facts,dates,figures,definitionsof
terms/concepts).Theremainingtwo-thirdsexaminedtheacquisitionofproceduralandconditional
knowledge. Indeed, these questions were rather “difficult;” they required critical thinking,
attentiontodetail,andmakingconnectionswithdifferentpiecesofknowledge.Forexample,

Figure 1. Screenshots from the SVs

Figure 2. Screenshots from the lessons
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studentswereaskedtomakeconceptmaps,analyzetherelationshipbetweenkeyplayersinthe
Greekuprising,givetheirownexplanationsfortheoutcomeofcertainevents,andmakeeducated
guessesonwhattheoutcomesmighthavebeeniftheconditionsweredifferent.Aninitialpool
ofquestionswassuggestedbyboththeauthorsandtheteachers,followedbytheassemblyof
draftevaluationsheets.Inaseriesofface-to-facemeetings,thedraftswereassessed,revisions
weremade,andthefinalversionswereestablished.

Amodularscaledesignedforexaminingdigitaleducationalapplications(Fokidesetal.,2019)
wasusedforexaminingH2a-d.Fourofitsfactorswereselected,namely,easeofuse(sixitems),
motivation(threeitems),subjectiveusefulness(sixitems),andfun/enjoyment(sixitems).Allitems
werepresentedonafive-pointLikert-typescale(rangingfrom1=stronglydisagreeto5=strongly
agree).Attheendofthequestionnaire,therewasalsoanopen-endedquestionpromptingstudents
toreportcasesofsimulatorsicknessoranykindofdiscomfortwhenusingtheHMDs.

Procedure
Aratherimportantconcernwastheteachingprocedure,describedbelow,tobeaccuratelyfollowed
inallgroups.Forthatmatter,duringameeting,itwasdemonstratedtotheparticipatingteacherswho
werethenaskedtostrictlyfollowit.ExceptwhenwearingtheHMDs,studentsworkedingroupsof
four,followingthesuggestionsforconstructivistlearning(Boyle,1977;Bruner,1966).Although
Bybeeetal.’s(2006)5Esisateachingframeworkmostcommonlyusedinscience-relatedsubjects,
itwasdecidedthat,withminoradaptations,itcouldsuitthestudy’sneeds.Thus:

• ThepurposeoftheEngagestageistoexcitestudents’interestinthelearningsubject.Following
ashortintroductionoutliningthemaintopic,theteacherspromptedstudentstodiscussamong
themselveswhattheyalreadyknewaboutit(e.g.,relationshipsbetweenkeyplayersandfacts
relatedtothesubject);

• TheExplorestage,asitsnameimplies,allowsstudentstoexplorethelearningsubject.Depending
onthegroupthatstudentsbelongedto,theystudiedthematerialincludedinthefirstpartofthe
booklet/webpages/virtualtours.Followingthat,theyrecordedtheirviewsandopinionsinthe
unit’scorrespondingworksheet;

• TheExplain stageallowsstudents tocommunicate,with the restof theclass, the ideasand
opinionstheyrecordedduringthepreviousstage.Theobjectiveofthediscussionsthatfollowed
wastoreachacommonconsensus.Ifnecessary,thegroupsrevisedtheirworksheets;

• ThepurposeoftheExtendstageistoallowstudentstofurtherexploreideas,facts,andissues
presentedduringtheExplorestage.Theparticipatingstudentsstudied/viewedthesecondpart
ofthebooklet/webpages/virtualtours.Onceagain,theworksheetswereusedforrecordingtheir
viewsandopinions,followedbytheirpresentationandanotherroundofdiscussionswiththe
othergroups;

• DuringtheEvaluationstage,inorderforteacherstoevaluatehowmuchtheirstudentslearned,
theyinitiatedalastroundofdiscussions.Thesediscussionsfocused,mainly,ontheimpactofthe
historicaleventspresentedinthelesson,onthepresentstateofpolitical/economical/socialaffairs
inGreeceandonGreece’srelationship(orproblems)withothercountries.Thereasonfornot
asking/discussingtopicsdirectlyconnectedtothelesson’ssubjectmatterwastoavoidanimpact
ontheresultsoftheevaluationsheetsthatwereadministeredrightaftertheendofthisstage.

Duringallstages,theteachersavoideddirectlecturing.Instead,theyactedascoordinatorsof
studentdiscussionsandfacilitatedthewholeprocess.Whenstudentswereinneedofsomeguidance,
itwasprovidedindirectlythroughhintsorbydrawingtheirattentiontoimportantaspectsofwhat
theywerelearning.
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RESULTS

Althoughtheinitialsamplesizewas117students,twelvewereremovedfromthesubsequentdata
analysisastheywereabsentinoneormoresessions.Asaresult,Group1(printedmaterial)had34
students,Group2(webpages)had36,andGroup3(SVs)had35.Theevaluationsheets,aswellas
thepre-anddelayedpost-testsweregradedona1-100scaleandtheresultingdatawereimputedinto
SPSS25forfurtheranalysis.Table1presentsthemeanscorespergroupandpertest.

Priortoconductingaseriesofone-wayANOVAtestsforexaminingH1,thedatawerechecked
forviolationsoftheassumptionsforthistypeoftest.Noissueswerefound,asthedatawerenormally
distributed, therewerenooutliers, and theassumption for thehomogeneityofvariancewasnot
violated.Althoughthethreegroupsdidnothaveequalsamplesizes,thiswasconsideredarather
minordeviation,giventhattheirsizeswerenotthatdifferentandone-wayANOVAisrobustissuch
cases(Keppel&Wickens,2004).Theresultsofthesetestsindicatedthattherewerenostatistically
significantdifferencesinthepre-test[F(2,102)=0.30,p=.739].Ontheotherhand,therewere
statisticallysignificantdifferencesinthe(i)evaluationsheet1[F(2,102)=11.00,p<.001],(ii)
evaluationsheet2[F(2,102)=8.25,p<.001],(iii)evaluationsheet3[F(2,102)=4.35,p=.0.15],(iv)
evaluationsheet4[F(2,102)=12.23,p<.001],and(v)delayedpost-test[F(2,102)=7.80,p=.001].

Asseriesofpost-hoccomparisonsfollowedonallpairwisecontrasts,inordertoexaminethe
differencesbetweenpairsofgroups.TheresultsarepresentedinTable2.Fromthistablethefollowing
canbeinferred:

• Evaluation Sheet 1:Group3(M=68.09,SD=11.82)outperformedbothGroup1(M=52.62,
SD=12.38,p<.001,d=1.28)andGroup2(M=60.78,SD=13.03,p=.039,d=0.59).Also,
Group2outperformedGroup1(p=.019,d=0.64);

• Evaluation Sheet 2:StudentsinGroup3(M=70.40,SD=8.28)achievedbetterresultscompared
withstudentsinGroup1(M=58.88,SD=14.11,p<.001,d=1.39)andGroup2(M=62.50,SD
=13.06,p=.019,d=0.72).TherewerenodifferencesbetweenGroup2andGroup1(p=.425);

• Evaluation Sheet 3:Group3(M=66.97,SD=14.62)outperformedGroup1(M=56.94,SD=
14.07,p=.014,d=0.70)butnotGroup2(M=64.03,SD=14.81,p=670).Also,therewere
nodifferencesbetweenGroup2andGroup1(p=.107);

• Evaluation Sheet 4:Group3(M=78.37,SD=12.92)hadbetterresultscomparedwithboth
Group1(M=60.26,SD=17.26,p<.001,d=1.19)andGroup2(M=69.53,SD=14.48,p=
.038,d=0.64).Also,Group2outperformedGroup1(p=.029,d=0.58);

Table 1. Tests means and standard deviations

Tests
Group1 
n = 34

Group2 
n = 36

Group3 
n = 35

M SD M SD M SD

Pre-test 26.65 13.14 24.28 13.42 25.03 12.32

ES1 52.62 12.38 60.78 13.03 68.09 11.82

ES2 58.88 14.11 62.50 13.06 70.40 8.28

ES3 56.94 14.07 64.03 14.81 66.97 14.62

ES4 60.26 17.26 69.53 14.48 78.37 12.92

Delayedpost-test 46.38 11.54 49.19 11.52 57.34 12.50

Note. ES = evaluation sheet
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• Delayed Post-Test:StudentsinGroup3(M=57.34,SD=12.50)achievedbetterresultscompared
withstudentsinGroup1(M=46.38,SD=11.54,p=.001,d=0.91)andGroup2(M=49.19,SD
=11.52,p=.013,d=0.68).TherewerenodifferencesbetweenGroup2andGroup1(p=.584).

GiventhatstudentsinGroup3outperformed(i)studentsinGroup1inalltheevaluationsheets
andinthedelayedpost-testand(ii)studentsinGroup2inthreeoutoffourevaluationsheetsand
inthedelayedpost-test,H1isconfirmed;whenteachingsubjectsrelatedtohistorytohighschool
students,theuseofSVs,yieldsbetterlearningoutcomescomparedwithotherteachingtools,such
asprintedmaterialorwebpages.

Comingto thequestionnaire, itsoverall internalconsistency,aswellas thereliabilityof the
fourfactors,wereassessedusingCronbach’salpha.Inallcases,αwasfoundtobeverygoodasit
waswellabovetherecommendedvalueof.70(DeVellis,2003)(rangingfromα=.805to.821for
thefactorsandαoverlall=.808).ForexaminingH2a-d,elevenvariableswerecalculated,representing
theaveragesofstudents’responsesineachfactor(threefactorsXthreegroups,plusonefactorX
twogroupsbecauseforGroup1thefactorlabeledas“Easeofuse”wasnotapplicable).Descriptive
statistsforthequestionnaire’sfactorsarepresentedinTable3.Aswiththeevaluationsheets,aseries
ofone-wayANOVAtestsweretobeconductedforexaminingthedifferencesamonggroups.Given
thatinalmostallcasesthedatawerenotnormallydistributedandthehomogeneityofvarianceswas
violated,itwasdecidedtoproceedusingKruskal-WallisHtest(thenon-parametricequivalentof
one-wayANOVAtest).Nostatisticallysignificantdifferenceswereobservedinsubjectiveusefulness
[H(2)=1.23,p=.540].Thus,H2bisrejected;highschoolstudentsconsiderprintedmaterial,web
pages,andSVs,asequallyuseful.

Table 2. Post-hoc pairwise comparisons

Evaluation 
Sheet

Group 
(x)

Group 
(y)

Mean 
Difference 

(x-y)

Std. 
Error p d

95% Confidence 
Interval for 
Difference

Lower 
Bound

Upper 
Bound

ES1
Group1

Group2 -8.160 2.972 .019 0.64(medium) -15.23 -1.09

Group3 -15.468 2.992 <.001 1.28(verylarge) -22.58 -8.35

Group2 Group3 -7.308 2.950 .039 0.59(medium) -14.32 -.29

ES2
Group1

Group2 -3.62 2.887 .425 - -10.48 3.25

Group3 -11.52 2.907 <.001 1.39(verylarge) -18.43 -4.60

Group2 Group3 -7.90 2.866 .019 0.72(medium) -14.72 -1.08

ES3
Group1

Group2 -7.09 3.470 .107 - -15.34 1.17

Group3 -10.03 3.494 .014 0.70(medium) -18.34 -1.72

Group2 Group3 -2.94 3.444 .670 - -11.14 5.25

ES4
Group1

Group2 -9.26 3.579 .029 0.58(medium) -17.77 -.75

Group3 -18.11 3.603 <.001 1.19(verylarge) -26.68 -9.54

Group2 Group3 -8.84 3.552 .038 0.64(medium) -17.29 -.40

Post-test
Group1

Group2 -2.81 2.836 .584 - -9.56 3.93

Group3 -10.96 2.856 .001 0.91(large) -17.75 -4.17

Group2 Group3 -8.15 2.815 .013 0.68(medium) -14.84 -1.45

Notes. - = not applicable; d = effect size, Cohen’s d
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Inalltheotherfactorstherewasstrongevidenceofadifferencebetweenthemeanranks(atleast
inonepairofgroups)[H(2)enjoyment=28.54,p<.001;H(2)motivation=17.68,p<.001;andH(1)easeofuse
=20.10,p<.001].AseriesofDunn’s(1964)pairwisepost-hoctestswerecarriedoutforexamining
thedifferencesbetweengroups(Table4).NotethatBonferroniadjustedp-valuesarereported,which
conservativelyadjust thesignificance leveldependingon thenumberof repeatedanalysesbeing
conducted(Bland&Altman,1995).

FromtheresultsinTable4,itcanbeconcludedthat:

• Enjoyment:StudentsconsideredSVsasbeingmoreenjoyablethantheprintedmaterial(p<
.001,d=1.57)andwebpages(p=.011,d=0.80).Inaddition,studentsenjoyedtheuseofweb
pagesmorethantheuseoftheprintedmaterial(p=.039,d=0.67).Thus,H2aisconfirmed;

• Ease of Use:Accordingtotheparticipatingstudents,thewebpageswereeasiertousecompared
withSVs(p<.001,d=1.27).Giventhat,H2cisrejected;

• Motivation:Whencontrastingtheresultsofgroups1and2nostatisticallysignificantdifferences
werefound(p=1.000).Thenagain,theSVsweremoremotivatingthanboththeprintedmaterial
(p<.001,d=0.91)andwebpages(p<.001,d=1.01).Therefore,H2disconfirmed.

Table 3. Factor means and standard deviations

Factor
Group1 
n = 34

Group2 
n = 36

Group3 
n = 35

M SD M SD M SD

Enjoyment 3.32 1.04 3.98 0.86 4.56 0.48

Motivation 3.34 1.05 3.48 0.83 4.18 0.54

Easeofuse - - 4.35 0.58 3.41 0.90

Subjectiveusefulness 3.50 1.10 3.83 0.86 3.75 0.67

Note. - = not applicable

Table 4. Factor post-hoc comparisons

Factor Pair Std. Test 
Statistic

Mean Ranks 
Group A, B p d

Enjoyment

1-2 -2.48 28.90 41.74 .039 0.67(medium)

1-3 -5.35 22.46 47.19 <.001 1.57(verylarge)

2-3 -2.91 28.60 43.61 .011 0.80(large)

Motivation

1-2 -0.291 34.12 36.81 1.000 -

1-3 -3.76 26.49 43.27 .001 0.91(large)

2-3 -3.52 26.92 45.34 .001 1.01(large)

Easeofuse

1-2 - - - - -

1-3 - - - - -

2-3 20.10 46.79 24.90 <.001 1.27(verylarge)

Notes. - = not applicable; p = Bonferroni adjusted significance level (when using this correction, it is possible to obtain p values equal to or greater than 
1.000); d = Cohen’s d
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Asfortheopen-endedquestion,themajorityofstudentsinGroup3(n=20)reportedsimulator
sickness(rangingfromlighttosevere).Inaddition,aroundathirdofthem(n=13)reportedsome
discomfort(e.g.,facialskinirritationandeyestrain).Whilestudentsstatedthatsimulatorsickness
manifestedafteracoupleofminutesofviewingthevideos,theproblemsrelatedtodiscomfortwere
notedwhentheHMDswereusedforanextendedperiodoftime(abouttwentyminutesormore).

DISCUSSIoN

Student’spriorknowledgeaboutthehistorysubjectsincludedintheprojectwasratherlimited,given
that,regardlessofthegrouptheybelongedto,theywereabletoanswercorrectlyjustaquarterof
thequestionsinthepre-test.Inthedelayedpost-test,althoughthepercentageofthecorrectanswers
remainedsomehowlow(around46%to57%),therewasasignificantpositivechangeinstudents’
performance(74%fortheprintedmaterial,103%forthewebpages,and129%fortheSVs).Whether
thelearningoutcomeseachtoolwasabletoproducearesatisfactoryornotisdebatable.However,there
aresomefactsthathavetobeaccountedfor.First,onehastokeepinmindthattheevaluationsheets,
aswellasthepre-andpost-tests,wereratherdifficult(see“Instruments”section).Consequently,
lowscoresweretobeexpected.Second,asalltoolshadasignificantpositiveimpact,theycanallbe
consideredeffective.Thislogicalassumptionisconsistentwiththeviewsoftheparticipatingstudents.
Indeed,becausetherewerenostatisticallysignificantdifferenceinsubjectiveusefulness,thismeans
thattheyconsideredalltoolsasequallyuseful;totheirview,theyallhelpedthemtolearn.Third,it
istruethatthedevelopmentofthevirtualtourswassignificantlymoretimeconsumingcompared
withthedevelopmentofthewebpages(ortheprintedmaterialforthatmatter).Giventhat,askeptic
mightarguethatconsideringthetroublefordevelopingsuchappsononehandandtheiraddedvalue
(intermsoftheirimpactonlearning)ontheother,theirintroductionintoeverydayteachingisnot
essential.Yet,equallyvalidistheargumentthatevensmalladvantagesthatateachingtoolmighthave
overothertoolsarecrucialifwewanttoensurethatwedeliverhigh-qualityeducationtostudents.
TheseargumentsandcounterargumentsreflectthebroaderdebatefortheroleofICTsineducation
anditisnotamongtheonesthatcanbeeasilysettled.Nevertheless,onthebasisoftheresultsand
strictly statistically speaking, significantdifferencesbetween the three toolswerenoted.Further
analysisrevealedthattheSVssurpassedtheothertoolsinmostcases,pointingtothevalidconclusion
thattheyweremoreeffective.Thisfindingis,moreorless,consistentwithpreviousresearchwhich
suggestedthatSVshadapositiveimpactonlearning(e.g.,Karageorgakis&Nisiforou,2018;Pham
etal.,2018;Wuetal.,2019).Notonlythatbutalsotheeffectsizeswerefoundtobemostlyvery
largewhentheSVswerecomparedwithprintedmaterialandmediumwhencomparedwithweb
pages,reinforcingthevalidityofthisconclusion.

Thus,what remains tobediscussed iswhy theSVshada largerpositive impactonstudent
knowledge.TheresultsinthequestionnaireindicatedthatstudentsconsideredtheSVsafunexperience.
TherewasalsostrongevidencethatstudentsintheSVsgroupwerehighlymotivatedtolearn.Both
findingsconcurwiththeconclusionsofpastresearchsuggestingthatenjoymentwhenlearningand
motivationtolearn,arekeyadvantagesofSVs(e.g.,Broecketal.,2017;Karageorgakis&Nisiforou,
2018;Leeetal.,2017;Xieetal.,2019).Asbotharelinkedwithhigheracademicperformance(Fokides
etal.,2019),theyprovideasolidexplanationforthebetterlearningoutcomesoftheSVsgroup.There
isanotherinterestingconclusionthatcanbedrawnbyexaminingtheresultsinenjoymentside-by-
sidewiththelearningoutcomes.Severalresearchersadvisedcautionabouttheroleofenjoyment
resultingfromthenoveltyoftheexperiencewhenstudentslearnwithSVs,suggestingthatitcan
distractthemfromwhattheyaresupposedtolearn(e.g.,Ardisara&Fung,2018;Ruppetal.,2016).
Yet, in this study,althoughenjoymentwassignificantlyhigher in theSVsgroup (and theeffect
sizeswerenoteworthy),atthesametimetheperformanceofthisgroupwasbetter.Itseemsthatthe
“wow”effectdidnothaveanegativeimpactnotedbyothers.Theteachingframework,namelyBybee
etal.’s5Es(2006),mightofferacreditableexplanationforthisoutcome.Ithastobestressedthat,
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byitself,theteachingframeworkcannotexplainthelearningoutcomesintheSVsgroup.Thatis
becausethesameframeworkwasappliedtoallgroups;therefore,itisaprobableexplanationforthe
positiveresultsinallofthem.Thenagain,itcanbeassumed,thatbyengagingstudentswithother
meaningfulin-classroomactivities,directlyconnectedwiththecontentoftheSVs,itallowedthe
SVstobebetterintegratedintoteaching.Studentsknewbeforehandthattheyhadtobefocusedon
whattheywerewatching,because,atalaterstage,theyweregoingtodiscussanddrawconclusions
onissuesrelatedtowhattheywatched.

Besidesthefactorsthatmighthavehadapositiveimpact,therearefactorsthatmighthavehad
anegativeone. Indeed, thereweresomecasesofstudents in theSVsgroup that reportedminor
discomfortcausedbytheuseoftheHMDs.Notonlythat,butstudentsalsoreportedseveralcasesof
simulatorsickness(someofwhichweresevere).AlthoughtheSVsinthisstudyweremostlyrecorded
whilethecamerawasfixedonatripod,therewerecertainscenesrecordedwiththecamerafollowing
thenarrator.Accordingtostudents’comments,thelatterscenesweretheonescausingmostofthe
problems.AsRuppetal.(2019)suggested,simulatorsicknesshasastrongnegativeimpactonthe
learningexperienceand,quitereasonably,onthelearningoutcomes.Moreover,studentsconsidered
thewebpagesasbeingeasiertouseandtheeffectsizewasverylarge.Usabilityisafactorthatalso
affectsthequalityofthelearningexperience.Aneasytousesystemdoesnotdisturbtheflowofthe
learningexperience,allowinguserstobemorefocusedonwhattheyaretryingtolearn(Fokides&
Atsikpasi,2018).Incontrast,ahardtousesystemforcesuserstoallocatevaluablecognitiveresources
intryingtomasterit.Giventhatdespitetheaboveproblems,thegroupofstudentsthatusedtheSVs
hadbetterresultscomparedwiththeothergroups,itisprobablethattheoutcomeswouldhavebeen
evenbetteriftheseissueswereresolved.

Implications for Research and Practice
Thestudyathandcontributestotherelevantliteratureprovidedthat(i)theuseofSVsandHMDs
isratheruncommoninhistoryteachingand(ii)theimpactoftheabovetoolswasquantifiedand
comparativelyexaminedwiththeimpactoftwoothertools.Thestudy’sfindingsmightbeuseful
tosoftwaredevelopers.NotonlyinSVsbutalsoinotherICTrelatedteachingtools,theincreased
fun/enjoymentpositivelyimpactsmotivationtolearn,and,inturn,thishasapositiveimpactonthe
learningoutcomes(Fokides&Atsikpasi,2018).Asthestudyresultsdemonstratedthatenjoymentand
motivationareindeedimportantfactors,developersshouldconsidermethodstoincreasebotheven
further.Amethodtoachievethatistoaddgame-likefeatures,anadviseapplicabletoallICTrelated
teachingtools(e.g.,Faiolaetal.,2013).ThewebpagesprovedtobeeasiertousethantheHMDs,
probablybecause,tothelatter,navigationandtriggeringofinteractionsweredonebyfocusingon
theembeddedhotspots.Inthisrespect,analternativeandmorenaturalwayofinteractingisthrough
hand-trackingdevicesasMillerandBugnariu(2016)suggested(althoughthisaddstothetotalcost
fortheend-user).

Giventheresults,itcanberecommendededucatorstointegrateSVsandHMDsintotheirteaching.
Ontheotherhand,thissuggestionhastobeconsideredwithsomecaution.Thepresentationofthe
learningcontentthroughSVsandHMDsdoesnotnecessarilymeanthatpositivelearningoutcomes
aretobeexpected;thecontextinwhichtheyareusedisequallyimportant.Inthisrespect,forany
teachingsubject,educatorshavetomakesurethattheSVsaresuitableandthattheiradvantagesover
otherteachingtoolsarestrong.Awell-definedteachingframeworkisalsoaprerequisiteasnotedby
others(Sultanetal.,2019).Thatisbecausein-classroommeaningfulandengagingactivitiesmight
helptoavoidthederailmentofthelearningprocessduetothenoveltyofthetechnologyused.Onthe
basisoftheresults,theteachingframeworksuggestedinthisstudycanprovideagoodstartingpoint.
Third,afamiliarizationperiodisadvisedwhenstudentsusetechnologytools(Fernández-Lópezetal.,
2013).IthastoberemindedthatstudentsfoundtheuseofwebpageseasierthattheuseofHMDs.
Thismightnothavebeenthecaseifstudentsweremoreadeptintheuseofthenavigation/triggering
system.Finally,alltheaboverequiretimethatisnotalwaysavailable.Althoughtwo-teaching-hoursper



International Journal of Smart Education and Urban Society
Volume 11 • Issue 4 • October-December 2020

30

sessionprovedtobeenough,itwasratherhardtofitthemintheexistingschooltimetable.Education
policymakersshouldconsiderrevisionstotheprogramofstudyandtotheteachinghoursallocated
foreachsubject,thatwillencourageinnovative,technology-basedteaching.

Limitations and Future work
Even though the resultswere encouraging, the study isnotwithout certain limitations thatbear
mentioning.Whilethesamplesizewasadequateforstatisticalanalysis,alargeronewouldhaveallowed
formoreconfidenceinthestudy’sconclusions.Thetargetgroupcouldhavebeenmorediverse;for
example,otheragegroupscouldhavebeenconsidered.Giventhattherearealotofeventsassociated
withthehistoricalperiodthatwasexamined,onemightarguethatthenumberofsessionswasrather
limited.Therefore,concernsfortheresultgeneralizabilityarenottotallyunjustified.Asignificant
limitationofthestudyisthatitdidnotexaminetheimpactofpresence.Thenagain,presenceislimited
(ifnotnon-existent)inwebpagesandprintedmaterial.Thus,itwouldhavebeenunwisetocompare
theeffectsofthesetoolswiththeeffectsofHMDsandSVs.Inaddition,onehastotakeintoaccount
thestudy’sexploratorynature;astheliteratureisbothlimitedandspreadacrossdiversedisciplines,
themostimportantgoalwastoshapeageneralideaontheprosandconsofHMDsandSVsinthe
contextofhistoryteaching.Onthebasisoftheconclusionsdrawnbythisstudy,futureresearchcan
targetstudentsofallages(rangingfromprimaryschooltouniversitystudents).Otherhistoricalperiods
canbeconsideredaswell.Anotherinterestingresearchpathistoexamineteachers’viewsandtheir
willingnesstointegrateSVsandHMDsintotheireverydayteaching.Long-terminterventionsand
theuseofqualitativeresearchtoolscouldalsobeofhelp.

CoNCLUSIoN

Inthecontextofhistoryteaching,highschoolstudentsusedsmartphonesandGoogleCardboard
compatibleHMDsforviewingSVs.The learningoutcomeswerecomparedwith thatofprinted
materialandwebpages.Onthebasisoftheresults,itcanbesupportedthattheuseofHMDstogether
withSVsprovedtobeeffectivetoolsforpromotinghighschoolstudents’knowledgeabouthistory.
Theireffectivenesscanbeattributedtofunandenjoyment,aswellastotheirpositiveimpactonstudent
motivationtolearn.Theinstructionalframeworkwhichwasproposedandtestedmighthavealso
contributed.Ontheotherhand,moreresearchisneededonwhatfeaturestoincludeinapplications
utilizingSVsandhowtointegratethemintoteaching,thatwouldallowresearchersandeducators
aliketofullyexploittheirpotential.
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