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ABSTRACT

Thisarticlepresentstheresultsofashortprojectinwhichtabletswereusedforteachingtherespiratory,
circulatory, anddigestive systems to162 sixth-gradeprimary school studentswhoweredivided
intothreegroups.Thefirstgroupwastaughtconventionallyusingatextbook,whileinthesecond
aconstructivistteachingmethodwasappliedandtheteachersactivelyparticipatedintheprocess.
Thethirdgroupwasalsotaughtusingthesameconstructivistteachingmethod,buttheinstruction
wastechnologicallyenhancedwithtabletsandanapplicationwithaugmentedrealityfeatures.Data
wascollectedbymeansofevaluationsheetsandaquestionnaire.Theresultsindicatedthatstudents
inthethirdgroupoutperformedstudentsintheothertwogroups.Asforstudents’misconceptions,
theonlynotabledifferencewasbetweenthethirdandfirstgroup.Theseresultscanbeattributedto
students’strongpositiveattitudetowardstheuseoftablets,motivation,andenjoyment,aswellasto
theteachingmethod.Thestudy’simplicationsarealsodiscussed.
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INTROdUCTION

Theteachingofscienceatprimaryschoollevelisaratherchallengingtaskgiventhatquitealot
ofconceptsrelatedtosciencearethesourceofseveralpupils’problems(Forsthuber,Motiejunaite,
&deAlmeida-Coutinho,2011).Forexample,thehumananatomyandthesystemsofthehuman
body,aresubjectsinwhichpupilshaveinadequateknowledgelevelandpoorperformance,while
misconceptionsarecommon (e.g.,Carvalho,Silva,Clément&,2003).On theotherhand,more
thanafewresearchprojectshavedemonstratedthatcontemporaryinstructionalmethodstogether
withvariousInformationandCommunicationTechnology(ICT)toolshaveasignificantpositive
impactonpupils’understandingofcomplexscientificphenomena.Alas,teachersstillcontinueto
applyconventionalteachingmethods,astheyconsiderthemmoreeffective(Wilkinson&Barter,
2016).Moreover,teachersnotonlyfindithardtouseICTtools,buttheyalsoregardICTenhanced
instructionquitedifficulttoimplement(Zaranis,Kalogiannakis,&Papadakis,2013).

Duetotheconstanttechnologicaldevelopments,newICTtoolshaveemergedwithinteresting
educationalpotential.Inrecentyears,anoteworthynumberofstudiesexaminedtheeducationaluses
ofmobiledevices(i.e.,mobilephonesandtablets).Comingtotheteachingofscience,mostofthe
abovestudiesdemonstratedthattheuseofsuchdeviceshadapositiveimpactonpupils’learning,
collaboration,motivation,andcreativity(e.g.,Wilkinson&Barter,2016).Also,anumberofstudies
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examinedtheuseofmobiledevicestogetherwithAugmentedReality(AR)applications(e.g.,Fokides
&Atsikpasi,2017),whichalsopresentaveryinterestingeducationalpotential.

Themostsignificant limitationsof theresearchtodate,regardingtheuseofmobiledevices
forteachingscienceatprimarylevel,arethesmallsamplesizesandthelimitedtimeframes.This
ledsometosupporttheviewthatwelackthoroughempiricalstudies(Dhir,Gahwaji,&Nyman,
2013)androbustevidenceoftheexactimpact(positiveornegative)ofmobiledevicesonpupils’
learning(e.g.,Clarke&Svanaes,2014).Itseemsthatmoreresearchisneededinordertodevelop
anappropriatepedagogywhichcansupporttheuseofsuchdevicesinschools(Clarke&Svanaes,
2014;Dhiretal.,2013).Moreover,theuseofmobiledevicesforteachingthehumananatomyto
primaryschoolpupilsissparse.

Inthelightoftheabove,itwasdecidedtoexaminewhethertheuseoftabletscanhaveanimpact
onpupils’knowledgeandeasetheirmisconceptionsforcertainhumanorgansystems,namelythe
circulatory, digestive, and respiratory ones. Towards this end, a short project was designed and
implemented,havingatargetgroupofsixth-gradeprimaryschoolpupils.Inthesectionstofollow,
abriefreviewoftheliteratureregardingtheteachingoftheabovesystemsispresented,followedby
theliteraturereviewregardingtheeducationaluseoftabletsandARapplications.Next,theresearch
rationale,methodology,andtheresultsanalysesarepresented.Subsequently,theresultsarediscussed
andtheconclusioncompletesthework.

BACKGROUNd

The digestive, Circulatory, and Respiratory Systems as Teaching/Learning Subjects
Thehumananatomyisasubjectwhichisincluded,inprimarylevel,inmanyeducationalsystems.
Forexample,inGreeceandintheUK,itistaughtinthesixthgrade(HellenicMinistryofEducation,
2011;UKDepartmentofEducation,2015),whileinSweden,therelevantmodulesareincludedin
gradesfourtosix(SwedishNationalAgencyforEducation,2011).Thenagain,theteachingofthis
subjectischallengingsincetherelevantliteraturesuggestedthatpupils’understandingofseveral
biologicalphenomenaandfunctionsisproblematic.Thisholdstrueformosthumanorgansand/or
systems,includingtherespiratory(Tracana,Varanda,Viveiros,&Carvalho,2012),thecirculatory
(Gatt&Saliba,2006),andthedigestive(Garcia-Barros,Martínez-Losada,&Garrido,2011)ones.
Moreover,pupilshavetroubleunderstandinghowthevariousorgansand/orsystemsinteractwith
eachother(Arnaudin&Mintzes,1985),astheyconsiderthemindependentcomponentsofthebody
(Reiss&Tunnicliffe,2001).

Theproblemsbecomeevengreaterwhenitcomestopupils’misconceptionsregardingtheabove
systems.Misconceptionsareincorrectviewsoropinions,theresultoffaultythinkingorunderstanding.
Pupilsformmisconceptionsbecausetheytendtoexplaintheworldthatsurroundsthemonthebasis
oftheirsensesandeverydayexperiences(Allen,2014).Thus,theytendtorejectwhatisscientifically
accurateandittakesalotoftimeandefforttocorrecttheirmisconceptions(Barman,Stein,McNair.
&Barman,2006).

Examplesofcommonpupils’misconceptionsregardingtherespiratorysystemaretheinclusion
ofirrelevantorganssuchasthestomach(Garcia-Barrosetal.,2011),thewrongsizeandplacement
ofthelungs(Mintzes,1984),theinclusionoftwotracheasandtwounconnectedlungs(Tracanaet
al.,2012),andthattheairweinhaleremainstoourneckorhead(Allen,2014).Asforthecirculatory
system,theshapeoftheheartisoftendepictedasthewell-knownsymboloftheheart(Gatt&Saliba,
2006;Mintzes,1984)andwiththreecavitiesinsteadoffour(Arnaudin&Mintzes,1985).Itsroleis
alsomisunderstood;pupilsthinkthatitfilterstheblood(Özgür,2013).Theunderstandingofhow
theorgansofthedigestivesystemfunctionisalsoproblematic.Forexample,thestomachisthought
tobeaballoon,notconnectedtothemouth,andwithoutanentranceorexit(Shaw,2010).Inother
cases,thedigestivesystemisdepictedlikeasimpletube(Carvalhoetal.,2003)thatitsroleistomelt
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thefood(Cakici,2005).Also,digestionisconsideredtheremovaloffoodfromthestomachjustto
makeroomformorefood(Garcia-Barrosetal.,2011)

Conventionalteachingmethodsareineffectiveforteachingscienceorforeasingmisconceptions,
althoughteachersstillusethemwidely(Wilkinson&Barter,2016).Fewusecontemporaryteaching
approachessuchasrole-playinggames,diagrams,experiments,teamwork,cognitiveconflict,concept
maps, and problem-solving, which are more resultful instructional techniques when it comes to
science-relatedcourses (Novak,2010).Apparently,weneed tochangehowwe teachscienceby
applyingmoreeffectiveand,atthesametime,moreappealing(topupils)teachingmethods(Osborne
&Dillon,2008).

Tablets, Mobile devices, and Augmented Reality in Education
Tablets,smartphones,andmobiledevicesingeneralreleasededucationofitsspatialandtemporal
limitations,allowingwhatiscalledmobileandubiquitouslearning.Inshort,mobilelearningisthe
utilizationofmobiledevicesforeducationalpurposes(Sharples&Roschelle,2010),whileubiquitous
learningisthecapacitytoaccessanykindoflearningmaterial,anywhere,andanytime(Murphy,
2011). Researchers embrace the view that mobile learning offers novel educational experiences
andthatitcanimprovethelearningprocess(e.g.,Ferdousi&Bari,2015;Zaranis,2018).Thatis
because,besides thebetter learningoutcomes(e.g.,Hahn&Bussell,2012;Huang,Chen&Ho,
2014),pupilsbecomemotivated(e.g.,Al-Mashaqbeh&AlShurman,2015),activelyengagedinthe
learningprocess,anddeveloppositiveattitudestowardslearning(Görhan,Öncü&Şentük2014).
Furthermore,learningusingmobiledevicesisflexibleandcanadapttodifferentlearningpreferences/
styles(Rossing,Miller,Cecil,&Stamper,2012).Asaresult,thesedevicesallowpersonalizedand
independentlearning(Kearney,Schuck,Burden&Aubussona,2012),byfacilitatingself-directed
learning(Wong,2012).Also,pupilscanconstantlyevaluatetheirprogress,therebyachievingeven
greaterautonomy(West,2013).Atthesametime,collaborativelearningisfostered(Clarke&Svanaes,
2014;Ferdousi&Bari,2015)becausetheiruseinteachingbooststheinteractionandcooperation
betweenpupils(Rossingetal.,2012).

However,therewerecasesinwhichthelearningoutcomeswerenotthatgood(e.g.,Perry&
Steck,2015),probablybecausetheuseofportabledevicesinteaching/learningstillhasarelatively
undevelopedpedagogy(Clarke&Svanaes,2014).Othernegativeaspectsincludetheincreasedpupils’
cognitiveload(Chu,2014)anddistraction,aspupilstendtousemobiledevices,duringteaching,for
purposesirrelevanttotheirlearningtasks(Henderson&Yeow,2012;Wilkinson&Barter,2016).
Technicalproblems,suchastheneedtochargethedevicesfrequently,andincompatibilitiesofthe
softwarebeingusedwiththecurriculumwerealsonoted(Al-Mashaqbeh&AlShurman,2015).

AninterestingcategoryofmobileapplicationsisthatofAR.ARisatechnologywhichmixes,
inrealtime,therealworldwithvirtualobjects(2Dor3D),multimediaelements,andinformation,
whiletheusercaninteractwiththeabove(vanKrevelen&Poelman,2010).ThesefeaturesofAR
applicationscaneasethelearningprocessandmakeitmoreattractive(Dunleavy,Dede,&Mitchell,
2009).Indeed,researchhasdemonstratedthattheuseoftabletsandARapplicationsfortheteaching
ofsciencecoursesyieldedsatisfactoryresults(e.g.,Sun,Looi,Wu&Xie,2016),increasedpupils’
interestandmotivationforlearning(Bower,Howe,McCredie,Robinson,&Grover,2014).Aplausible
explanationfortheseoutcomesisthatsince,inAR,theuserinteractswiththematerialpresentedto
him/her,thiscanleadtoabetterunderstandingofconceptswhichareabstractandcomplex(Ibáñez,
DiSerio,Villarán&Kloos,2014)orimpossibletoobserveinreallife(Billinghurst&Dünser,2012).
Chemistry(Cai,Wang&Chiang,2014),Astronomy(Fleck&Simon,2013),andBiology(Crompton,
Burke,Gregory,&Gräbe,2016)aresomeexamplesoftheuseofARinscienceteaching.Finally,
tabletstogetherwithanARapplicationwith3Dfeatureswereusedfortheteachingofthehuman
anatomy,withequallyinterestingresults(Wilkinson&Barter,2016).
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MATERIALS ANd METHOdS

GiventhattabletsandARapplicationspresentaninterestingalternativemethodforteachingscience
toprimaryschoolpupils,ashortprojectwasdesignedinordertoexaminethelearningoutcomesof
suchanendeavor.Therespiratory,digestive,andcirculatorysystemswerechosenastheteaching
subjects,becauseinthesesystemspupilsfacesignificantproblems,aspresentedinaprevioussection.
Aquasi-experimentaldesignwith threegroups (onecontroland twoexperimental)wasselected
becausedatafromintactclassroomswereanalyzedfortheirdifferencesinthelearningoutcomes.

Participants and duration of the Project
Sixth-gradeprimaryschoolpupils(ages11to12)werethetargetgroup,because,accordingtothe
Greekprimaryschoolcurriculum,atthisgradepupilsaretaughtsubjectsrelatedtothehumananatomy.
Anemailinvitationwasissued,addressedtoprimaryschoolsinAthens,Greece.Althoughquitea
lotofschoolsrespondedaffirmatively,mosthadtobeexcludedbecausethey(a)hadfewpupils,(b)
weretoofarapart,and(c)wereprivateschoolsthus,thesamplewouldnotbehomogeneousinterms
ofthesocioeconomicstatusofpupils.Asecondsetofselectioncriteriawasappliedtopupilsofthe
shortlistedschools(a)tohaveneverbeforeusedtabletsduringtheirteaching,(b)tohaveneverbefore
beentaughtthehumanorgansystemsincludedinthisstudy,and(c)toreflectthespreadofability
inatypicalGreeksixth-gradeclass.

Asaresult,atotalof177pupilswererecruitedfromninesixth-gradeclassesoffiveneighboring
public primary schools. To each class one of the three instructional methods, described in the
“Procedure”section,wasassignedformingthreegroupsof-moreorless-equalsize.Pupils’parents
werebriefedabouttheprojectandtheirwrittenconsentfortheirchildren’sparticipationwasobtained.
Also,theteacherswerebriefedandtheywereaskedtostrictlyfollowtheteachingmethodthatwas
assignedtothem.Theprojectlastedforabouttwomonths(eighttwo-hoursessionsineachclass,
two sessions perweek), fromearlyOctober to lateNovember2017, since itwasnot conducted
simultaneouslytoallschools.

Hypotheses
Onthebasisofwhatwaspresentedintheprevioussections,thefollowingresearchhypotheseswere
tested:

• H1:Aconstructivistteachingmethodtogetherwiththeuseoftabletsandofanapplicationwith
ARfeatures,yieldsbetterlearningoutcomes,withrespecttothehumanrespiratory,digestive,
andcirculatorysystems,comparedtootherteachingmethods.

• H2:Thesameappliestopupils’misconceptions.
• H3:Pupilsformpositiveviewsandattitudesfortheirteachingusingtablets.

Materials
Inordertoselectthemostsuitableapplicationfortheproject,anextensivesearchwasconducted,
revealingasignificantnumberofinterestingapplications.However,mostofthemhadtoberejected
duringtheinitialscreening,becausetheyeitherprovidedaminimalamountofinformationorthe
information was so complex and detailed, that it exceeded the mental capacities of an average
primaryschoolpupil.Theremainingapplicationswereevaluatedusingasetofcriteria(a)related
totheproject’sspecificneedsand(b)suggestedbytherelevantliterature(e.g.,Zydney&Warner,
2016).Forexample,theapplicationhadtohaveARfeaturesand3Dmodels,tobeeasytouse,to
includequestionsandtestsforpupils’self-assessment,andthelearningmaterialtobescientifically
correctandcompatiblewithGreece’sprimaryschoolcurriculum.Asaresult,Arloon’s“Thehuman
anatomy”(Arloon,2015)wasselectedtobeusedintheproject(Figure1).
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Also,ashorthandbookwaswritten,whichincludedalloftheapplication’slearningmaterial
(texts, images, exercises, additional information, and tests). In addition, a series of PowerPoint
presentationswerewritten,basedon theabove learningmaterial.Finally,aseriesofworksheets
werewritten,whichincludedactivitiesrelatedtothethreeorgansystems.Thehandbook’s,aswell
astheapplication’slearningmaterial,wereorganizedintoeighttwo-hourunits/sessions;twoforthe
respiratory,threeforthecirculatory,andthreeforthedigestivesystem.

Procedure
Asalreadymentioned,theparticipatingpupilsweredividedintothreegroups.Tothefirst,which
served as the control group, the prevailing teaching procedure in Greece’s primary schools was
followed.Theteachersmadeashortintroduction,followedbyexamplesandpresentations(using
theclasses’videoprojectors)onwhatpupilswereabouttolearn.Next,pupilsstudiedtherelevant
unitsinthetextbooks,whiletheteachersprovidedguidelinesandexamplestothewholeclasswhen
needed.Finally,pupilscompletedtheexercises,presentedtheanswers/solutionstotherestofthe
class,andcheckedwhethertheiranswerswerecorrect.

Constructivismprovidedthetheoreticalframeworktotheothertwogroups.Accordingtothis
theory,socialinteractionshelplearnerstobuildtheirpersonalinterpretationsoftheworld,knowledge
has tobeembedded in thesituation inwhich it isused,engagementof the learner inreal-world
situationsallowstheeffectiveuseofhis/herknowledge,andknowledgevalidationisdonethrough
socialnegotiation(Ertmer&Newby,2013).Moreover,intheteachingofsciencecourses,itisadvised
pupilstoworkinsmallgroups(Harlen&Qualter,2014).Consequently,itwasdecidedpupilstowork
inpairsandtoapplyDriver’sandOldham’s(1986)teachingmodel.Thismodelsuggestsfivedistinct
instructionalstages(a)orientation,(b)elicitation,(c)restructuring,(d)application,and(e)review.

Asinthefirstgroup,thesecondgroupofpupilsdidnotusetablets.Intheorientationstage,
introductorypresentationsanddiscussionstriedtomotivatepupilsaboutthenewknowledge/concept.
Duringtheelicitationstage,thepupilsarticulatedtheircurrentunderstandingofthesubjectbyworking
withworksheets,bydiscussing,andbyrecordingtheirviewsandideas.Intherestructuringstage,

Figure 1. Arloon’s “The human anatomy”
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theystudiedtherelevantunitsinthetextbookandexchangedideas.Duringtheapplicationphase,the
pupilscheckedwhethertheirinitialviewsandideaswerecorrect,studiedtheadditionalinformation
availableinthetextbooks,andtriedtoapplythenewlyacquiredknowledgetoothersituationsby
workingwithworksheets.Inthereviewstage,theycompletedthetextbook’sexercises,discussedand
reflectedontheiranswers.Inallstages,theteachersactedasfacilitatorsoftheprocessbyinitiating
orjoininginpupils’discussions,bydrawingtheirattentiontoimportantaspectsofthesubject,and
byprovidingguidelines.

ThethirdgroupwastheonethatusedthetabletsandtheARapplication.Asinthesecondgroup,
pupilsworkedinpairs,werefreetodiscussandcollaborate.Eachpairhadonetabletatitsdisposal
becausetheliteraturesuggestedthatthereisapositiveimpactonlearningwhentabletsareshared
andnotusedaspersonaldevices(Henderson&Yeow,2012).Also,Driver’sandOldham’steaching
modelwasused,butthetabletsreplacedthetextbooksintherestructuring,application,andreview
stages.Ithastobenotedthatinasessionpriortothebeginningoftheproject,thepupilsexplored
theaffordancesandconstraintsoftablets,withoutrunningtheapplication,inordertoproactively
faceanydifficultieswhileusingthem.

One might argue that the teaching procedure followed in the first group was very different
comparedtotheothertwogroups.Ontheotherhand,thisgroupprovidedthebaseline,whatcanbe
achievedduringeverydayteaching,withoutanyspecialsettingsortheuseoftechnology.Consequently,
itwouldbeeasiertoassessthedifferencesbetweeneverydayteaching,awell-organizedteaching,
andawell-organizedteachingwhichistechnologicallyenhanced.

Instruments
Fordatacollectionpurposes,atotaloftenevaluationsheetsweredevised(pre-anddelayedpost-tests,
andoneforeachoftheeightteachingunits),consistingofyes-no,multiplechoice,fill-in-the-blanks,
andopen-endedquestions.Allevaluationsheetswerestructuredsoas(a)tofullycoverthecontent
ofeachunit,(b)thequestionstobeofescalatingdifficulty,(c)halfofthequestionstocheckthe
knowledgethatpupilsacquired,and(d)theotherhalftorequireacertaindegreeofcriticalthinking,
sincepupilswereaskedtoapplythisknowledgetoeverydayand/ornewsituations.Thepre-testwas
administeredpriortothebeginningoftheproject;itspurposewastocheckwhetherpupils,inall
groups,hadinitiallythesameknowledgelevelregardingthehumananatomy.Theevaluationsheets
wereadministeredimmediatelyaftertheendofeachsession.Thedelayedpost-testwasadministered
twoweeksaftertheendofallsessionsandincludedquestionsfromalltheteachingunits.

A questionnaire for evaluating pupils’ experiences and views regarding the use of tablets/
applicationwasalsodevised,consistingoftwoopen-endedandfifteenfive-pointLikert-typequestions.
Thisquestionnairewasadministeredtothethirdgroup.Scoreswereobtainedbyallocatingnumerical
valuestoresponses:“StronglyDisagree”scored1,“Disagree”scored2,“Neutral”scored3;“Agree”
scored4,and“StronglyAgree”scored5.

Finally,twotestsforexaminingpupils’misconceptionsweredevised(apre-andapost-one).It
hastobenotedthatbothwerefour-tiermultiple-choicetestssincesuchtestsaccuratelymeasurepupils’
misconceptions(Gurel,Eryilmaz,&McDermott,2015).Eachtesthadtwentyquestions,inspiredby
therelevantliteratureregardingcommonpupils’misconceptions,aspresentedinthe“Thecirculatory,
digestive,andrespiratorysystemsasteaching/learningsubjects”section.Foreachquestion,thefirst
tierhadthreeanswers.Thethirdtierhadasetofthreepossibleexplanationsforeachanswergiven
tothefirsttier.Thesecondandfourthtiersaskedpupilsfortheirconfidencelevel(sure/notsure)for
thefirstandthirdtiersrespectively.Ananswerwasconsideredcorrectiftheanswerstothefirstand
thirdtierswerecorrectandtheconfidencelevelstotierstwoandfourwerehigh.Anexampleofa
questionrelatedtothedigestivesystemwasasfollows:

1st Tier.Theroleofthestomachisto:1.provideatemporarystorageplaceforfood,2.performjust
thesecondstageofdigestion,3.performalltheimportantstagesofdigestion
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2nd Tier.Areyousure?Yes,I’msure;Well,notsosure
3rd Tier.Youselected1.because:

1. Thesmallintestineis,well,small,soallthatfoodhastobestoredbeforemovingthere
2. Ittakessometimeforthejuicesfromthepancreasandlivertobeproduced,sowehaveto

temporarilystore,toourstomach,thefoodweatebeforemovingittothesmallintestine
3. Ittakessometimeforthedigestivejuicesfromourgastrointestinaltracttobeproduced,so

wehavetotemporarilystorethefoodweatetoourstomachbeforemovingittothesmall
intestine

Youselected2.because:

1. Oursaliva(firststageofdigestion)needstobemixedwellwithfoodandthisisdoneduringthe
secondstageofdigestionwiththemovementsofourstomachmuscles

2. Thesecondstageiswhenthedigestivefluidsfromourgastrointestinaltractaremixedwithfood
inourstomach(withthemovementsofourstomachmuscles)andthechimeisproduced

3. Thesecondstageiswhenthedigestivefluidsfromourpancreasandliveraremixedwithfoodand
salivainourstomach(withthemovementsofourstomachmuscles)andthechimeisproduced

Youselected3.because:

1. Allthedigestivefluids(fromourgastrointestinaltract,pancreas,andliver),aremixedwithfood
inourstomach.So,inreality,alltheimportantstagesofdigestionaredoneinourstomach

2. Thewaterabsorption,performedatalaterstage,isnotreallyanimportantpartofdigestion.So,
yes,ourstomachperformsalltheimportantstagesofdigestion

3. Themostimportantthingistoproducethechimeinourstomach.So,yes,ourstomachperforms
alltheimportantstagesofdigestion
4th Tier.Areyousure?Yes,I’msure;Well,sosure

RESULTS

Anumberofpupilshadtobeexcludedfromthestudybecausetheywereabsentinoneormore
sessions.Thus,thefinalsamplewas162pupils,dividedintothreegroupsofequalsize;Group1
conventionalteaching,Group2constructivistteaching,andGroup3constructivistteachingwithtablets.
Thesamplesizewasconsideredadequateforaninferentialstatisticaltest,suchasone-wayAnalysisof
Variance(ANOVA),giventhatfor3groupswith54participantsineach,asignificancelevelof.05,
andanexpectedeffectsizeof.25,thepowervaluewas.81,whichisconsideredacceptable(Cohen,
1988).Thedistributionofboysandgirlsinallgroupswasapproximatelythesame,withgirlsbeing
slightlymorethanboys(53%and47%respectively).Scoresinalltheevaluationsheets(including
thepre-anddelayedpost-tests,aswellasbothmisconceptionstests)werecomputedonthebasisof
thenumberofcorrectanswers.Table1presentsthemeanscoresandstandarddeviationspergroup
ofparticipantsandperevaluationsheet.

Inordertodeterminewhetherthescoresofthethreegroupshadanystatisticallysignificant
differences,one-wayANOVAtestsweretobeconducted.Beforedoingso,itwascheckedif the
assumptions forANOVAtestingweremet. Itwas found thatallgroupshadanequalnumberof
participants (N=54),nooutlierswere found, thedata inall testswerenormallydistributed (as
assessedbytheShapiro-WilktestandQ-Qplots),andthehomogeneityofvariancewasnotviolated
(asassessedbyLevene’stest).Giventhatalltheassumptionsweremet,theone-wayANOVAtests
wereconducted.TheresultsarepresentedinTable2.
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Post-hoccomparisonsonallpossiblepairwisecontrastswereconductedintheevaluationssheets
wherestatisticallysignificantdifferenceswerenoted,aspresentedinTable3.

Summarizingtheresults,thefollowingcanbenoted:

Table 1. Means and standard deviations per group and per evaluation sheet

Group

Group1 
(Ν = 54)

Group2 
(Ν = 54)

Group3 
(Ν = 54)

M SD M SD M SD

Pre-test(max=35) 16.45 3.22 15.86 2.98 16.28 3.20

Misconceptionspre-test(max=20) 7.18 3.02 6.49 2.12 7.40 2.32

ES1circulatorysystem1(max=25) 13.36 2.18 12.85 1.67 13.29 1.99

ES2circulatorysystem2(max=25) 12.68 2.46 13.59 2.22 13.05 1.87

ES3circulatorysystem3(max=25) 15.18 2.11 17.91 2.41 18.92 2.45

ES4respiratorysystem1(max=25) 14.17 2.47 16.92 2.12 18.64 2.71

ES5respiratorysystem2(max=25) 11.45 3.04 13.33 2.51 16.62 2.89

ES6digestivesystem1(max=25) 14.86 2.27 18.35 3.04 20.28 3.22

ES7digestivesystem2(max=25) 15.99 1.63 17.63 2.32 21.09 1.95

ES8digestivesystem3(max=25) 13.88 1.99 16.31 2.05 18.07 2.31

AverageofESs 13.95 2.27 15.86 2.29 17.50 2.42

Delayedpost-test(max=35) 19.18 3.31 22.65 2.87 25.76 3.24

Misconceptionspost-test(max=20) 11.71 2.05 12.59 1.89 13.02 2.19

Notes. ES = evaluation sheet; in parentheses the maximum score for each ES

Table 2. One-way ANOVA results

Test F Sig.

Pre-test F(2,159)=0.51 p=.604

Misconceptionspre-test F(2,159)=1.92 p=.150

ES1 F(2,159)=1.08 p=.343

ES2 F(2,159)=2.34 p=.099

ES3 F(2,159)=37.29 p=.001*

ES4 F(2,159)=45.91 p<.001*

ES5 F(2,159)=46.43 p<.001*

ES6 F(2,159)=49.37 p<.001*

ES7 F(2,159)=92.73 p<.001*

ES8 F(2,159)=53.12 p<.001*

Delayedpost-test F(2,159)=59.12 p<.001*

Misconceptionspost-test F(2,159)=5.75 p=.004*

Note. * = statistically significant difference
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• Allthreegroupshadthesameinitialknowledgelevelsincenostatisticallysignificantdifferences
wereobservedinboththepre-testandthemisconceptionspre-test.Thus,itcanbearguedthat
anydifferencesfoundintheevaluationsheetscanbeattributedtothedifferentteachingmethods.

• Group1wassurpassed inallcases,except inES1andES2wherenostatisticallysignificant
differenceswerenoted.Thus,itisquitesafetoassumethattheotherteachingmethodswere
bettercomparedtotheteachingmethodthatwasfollowedinGroup1.

• Group2didnotoutperformGroup3inanycase,whileinthreecasesbothgroupshadthesame
results.Ontheotherhand,Group3outperformedGroup2insixcases.Thus,itcanbeconcluded
thattheteachingmethodthatwasfollowedinGroup3yieldedbetterresultscomparedtothe
teachingmethodthatwasfollowedinGroup2.

• Inallbutonecase,whencomparingGroup1withGroup2,andGroup1withGroup3,theeffect
sizewaslarge.

• WhencomparingGroup2withGroup3,theeffectsizeintwocaseswasmedium,whileinfour
casesitwaslarge.

• Althoughinthemisconceptionspost-testthemeanscoreofGroup3washighercomparedto
theothergroups,theonlystatisticallysignificantdifferencethatwasobservedwasbetweenthat
groupandGroup1andtheeffectsizewasmedium.

Allinall,theaboveresultsconfirmH1,but,ontheotherhand,H2hastobepartiallyrejected.
ComingtothequestionnairethatwasadministeredtopupilsinGroup3,areliabilityanalysiswas

runandCronbach’salphacoefficientwasfoundtobeα=.875,whichisconsideredgoodforsocial
research(deVellis,2003).Astrongpositiveattitudetowardstabletsandtheiruseduringteaching
wasevidentinalmostallofthepupils’responses,asseeninTable4.Therefore,H3wasconfirmed.
Collaborationalsoseemedtohaveworkedwell(M=4.11,SD=.33).Asforthetwoopen-ended
questions,thesewereaboutwhatproblemspupilsfacedandwhattheylikedmost.Somepupils(N=
11)reportedthattheyhadtroublehandlingtheapplication’saugmentedrealityfeatures,especiallythe
overlayingof3Dmodelsinpupils(seeFigure1),buttheseproblemswereeasedaftersomepracticing.
Ontheotherhand,itseemsthattheylikedmanyoftheapplication’sfeatures;theaugmentedreality
features(N=51),the3Dmodels(N=49),the3Danimations(N=46),andthewaytheinformation
waspresented(N=43).Theyalsolikedthattheyhadthechanceto“learnsomethinginanunusual
way”(N=47).

Table 3. Post-hoc results
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dISCUSSION

Thefirstthingthatitisworthnotingistheresultsofthefirsttwoevaluationsheetswhichwerelow
(inallthreegroups).Therearetwoplausibleexplanationsforthisoutcome.Thecirculatorysystemis
difficulttounderstand(Gatt&Saliba,2006),astheterminologyused,thestructure,andfunctionof
theheartarequitecomplicated.Also,pupilsingroups2and3werenotyetfamiliarwiththeteaching
method,asitwasthefirsttimetheyworkedinpairs,withworksheets,andwithtablets.Therefore,
itislogicaltoassumethatittooksometimetoadjusttothewaytheyweretaughtandthatthishad
animpactontheirscores.

TheaveragemeanscoreoftheeightevaluationsheetsforGroup1was13.95(approximately
56%oftheexpectedmaximum),forGroup215.86(63%),andforGroup317.50(70%)(seeTable
1).So,therewasclearlyadifferencebetweenthethreegroupsandthesameappliedforthedelayed
post-test.Awell-organizedandcontemporaryteachingmethod,suchastheoneusedingroups2
and3,wasexpectedtoyieldbetterlearningoutcomescomparedtoconventionalteaching,suchas
theoneusedinGroup1.Thatbeingsaid,itwasnotasurprisethatGroup1wassurpassedfromthe
othergroupsinallbuttwocases.Thus,therealquestionthisstudywascalledtoanswerwaswhether
theuseoftabletshadameasurableandmeaningfuleffect.Theshortanswertotheabovequestion
isthattheeffectwasindeedsignificant(sinceinmostcasesthedifferencefromtheothergroups
wasstatisticallysignificant)butalsoaquitelargeone(sincetheeffectsizesweremostlylarge)(see
Table3andthesummaryoftheresults).Theseresultsareinagreementwithpreviousstudies,which
comparedvariousteachingmethodswithteachingusingtablets(e.g.,Fokides&Atsikpasi,2017;
Furió,Juan,Seguí&Vivó,2015;Hahn&Bussell,2012;Huang,Chen&Ho,2014).

Whiletheresultsregardingknowledgeacquisitionwerefairlystraightforward,thesamedidnot
applyfortheresultsregardingpupils’misconceptions,whichcanbeviewedasanindicatorofadeeper
understandingoftheconceptsthattheyweretaught.Inallgroups,animprovementwasnoted(see
Table1pre-andpost-misconceptionstests),butthefinaloutcomewasnotthatimpressive.Thatis

Table 4. Pupils’ questionnaire

Question M (SD)

1.Icollaboratedwithmyfellowpupilnicely 4.11(.33)

2.Workingasapairhelpedmetolearn 3.87(.62)

3.Usingtabletsduringthelessonisboring* 4.03(.76)

4.Usingtabletsduringthelessonisanenjoyableactivity 4.20(.55)

5.Workingwithtabletswasfun 4.32(.58)

6.Ienjoyedworkingwithtablets 3.94(.81)

7.Workingwithtabletsmademewanttolearnmoreaboutthehumanbody 3.71(.60)

8.Iwaseagertoconducttheproject’slessons 4.42(.50)

9.Ifoundthecoursesveryinteresting 4.42(.54)

10.IdonotfeelthatIhavelearnedanything* 3.58(.66)

11.Ibelievethattheapplicationwaslikeagame 4.02(.57)

12.Workingwithtabletswasdifficult* 4.12(.61)

13.Ididnotlikethecoursesatall* 4.32(.60)

14.Iwouldliketousetabletsagaininmyteaching 4.14(.52)

15.Itwouldbenicetousetabletsinalllessons/courses 4.00(.71)

Notes. * = a question for which its scoring was reversed; standard deviations are reported in parentheses
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becauseinthemisconceptionspost-testGroup1achieved59%oftheexpectedmaximum,Group2
63%andGroup365%.Moreover,theonlystatisticallysignificantdifferencethatwasnotedwasthat
betweengroups1and3,whichwasamoderateone(seeTable3).Thismeansthatwhenacontemporary
teachingmethodispairedwiththeuseoftablets,observabledifferencescanbeexpected,regarding
pupils’misconceptions,onlywhencomparedtoconventionalteachingandnotwhencomparedtoa
non-technologicallyenhancedcontemporaryteachingmethod.Thenagain,misconceptionsarenot
easytodealwith,astheyarepersistent(Barmanetal.,2006)andcanbeswayedbyattitudestoward
science(Usak,Prokop,Ozden,Ozel,Bilen,&Erdogan,2009).Consequently,itwouldbeunrealistic
toexpectpupilstoovercomealltheirmisconceptionsregardingthehumanorgansystemstheywere
taughtintheshortperiodoftimethattheprojectlasted.

Comingtotheinterpretationoftheresults,aseriesoffactorsmighthavecontributed,related
toeithertheteachingmethodortotabletsperse.Thelearningtheorythatframedtheprojectwas
constructivismandtheteachingmethodwasbasedonDriver’sandOldham’s(1986)suggestions.
Bothembracedpupils’collaborationandactivelearning.Pupils’responsestoquestionsoneandtwo
(seeTable4),indicatedthattheyvaluedthecontributionoftheirpartnerintheirlearning,confirming
previousstudieswhichsuggestedthatcollaborationwasfosteredwhentabletsweresharedduring
teaching (Henderson&Yeow,2012), leading topositive learningoutcomes (Clarke&Svanaes,
2014;Murphy,2011;Rossingetal.,2012).ThisviewisreinforcedbythefactthatpupilsinGroup2,
who also collaborated, achieved better results compared to pupils in Group1 who were taught
conventionally.Atthesametime,pupilswereincontroloftheirlearning.Thatisbecausetheywere
abletostudyattheirownpace;theycouldexaminetheorgans,readtheadditionalinformation,and
taketheself-assessmenttestsforasmanytimesandanytimetheyliked.Thelinkbetweentablets,
positivelearningoutcomes,andpupils’increasedcontrol,self-directedlearning,andautonomyhas
beennotedinpreviousresearch(Clarke&Svanaes,2014;Kearneyetal.,2012;West,2013;Wilkinson
&Barter,2016;Wong,2012).

Theresponses toquestionsfour tosixandeleven, inpupils’questionnaire,are indicatorsof
increasedlevelsoffunandenjoymentwhenusingtabletsandtheARapplication,confirmingthe
relevantliterature(e.g.,Akçayır&Akçayır,2017).Funandenjoymentwhenusingtablets,actas
facilitators of the learning process (Fulantelli, Taibi & Arrigo, 2015; Zydney & Warner, 2016),
leadingtoincreasedlevelsofmotivationforlearning(Al-Mashaqbeh&AlShurman,2015),asit
wasevidentinquestionsseventhroughnine.Also,questionsthree,ten,andthirteenthroughfifteen
revealedpupils’positiveattitudetowardstheuseoftablets.Positiveattitudesalsoactasfacilitators
ofthelearningprocessand,togetherwithmotivation,allowthesuccessfulutilizationthesedevices
inteaching(Chenetal.,2017;Furióetal.,2015;Görhanetal.,2014).

It also quite probable that the application’s AR features also played a significant role. The
presentationofthehumanorgansin3D,allowedpupilstostudythemfrommultipleperspectives
andthisholdstruefortheincluded3Danimations.Thedetailedvisualizationandinteractionwith
thelearningmaterialenhancedpupils’learningexperience(Al-Mashaqbeh&AlShurman,2015),
allowedthemtohaveabetterunderstandingofhowtheseorgansfunction,and,consequently,their
performancewasbetter,comparedtotheothertwomethods(Dunleavyetal.,2009).Itisalsoworth
notingthatpreviousresearchonmobilelearningsuggestedthatthedetailedvisualizationofalearning
subjecthadanimpactonlong-termretentionofknowledge(Ferdousi&Bari,2015),afactthatmay
wellexplainwhyabetterperformanceofGroup3pupilswasobservedinthedelayedpost-test.

Finally,sincenosignificantproblemswerereportedregardingtheuseoftablets(seequestion
twelveandtheopen-endedquestions),itissafetoassumethatthesedevicesarecompatiblewith
pupils’ICTskills(Görhanetal.,2014)andthattheirintegrationintoeverydayteachingwillnotraise
additionalproblems(atleastasfaraspupilsareconcerned).

Thestudy’sresultshaveimplicationsforsoftwaredevelopersaswellasforeducators.Inthisstudy,
acommercialapplication,outofthemanyavailable,wasused,butduringtheselectionprocess,an
importantissuewasbroughtintolight.Althoughawealthofapplicationsrelatedtothehumananatomy
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wasfound,fewweresuitableforeducationalpurposesandevenfewerweredeemedappropriate(in
termsofthecomplexityofthelearningmaterialandoftheincludedtestsandactivities)forprimary
schoolpupils.Also,onlyahandfulofthemwasinGreek,althoughthisproblemhadanimpactonly
on thisstudy’s targetgroupandmaynotbeaproblemforEnglishspeakingpupils. Inanycase,
thelackofsuitableapplicationshighlightstheneedforcollaborationbetweensoftwaredevelopers
andeducatorsasShuler,Levine,andRee(2012)suggested.Theformerdonothavethenecessary
educationalbackground,whilethelatterarenotawareoftechnology’saffordancesandlimitations.
Theonlywaytodeveloptechnicallyaswellaseducationallysoundapplicationsisthroughclose
collaborationbetweenthesetwogroupsofexperts.

Also,onthebasisofthestudy’sresults,anumberofsuggestionstoeducationadministrators
andpolicymakerscanbemade.Thesatisfactorylearningoutcomestogetherwithpupils’positive
attitudestowardstheuseoftabletsduringtheirteaching,renderstheireducationalexploitationan
interesting idea thatneeds furtherconsideration.On theotherhand, inorder their integration to
primaryeducationtobeasuccessfulone,certainconditionshavetobemet.Thefirstistoreconsider
theschool’stimetableandallocatemoreteachinghourstosubjectswhicharetaughtusingtablets,
soaspupilstostudyandusethemattheirownpace.Thesecondisthedevelopmentofasuitable
pedagogyasothersalreadypointedout(Clarke&Svanaes,2014;Dhiretal.,2013).Inthisstudy,
constructivismprovidedthetheoreticalframeworkandDriver’sandOldham’steachingmethodwas
utilized.Althoughthisschemeseemstobesuitable,onehastoberemindedthatbothweredeveloped
wellbeforetabletswereinvented.Thus,teachingmethodsthatcanutilizethefullpotentialoftablets
areurgentlyneeded.

CONCLUSION

Allinall,theresultsofthestudywereinteresting,aswellasthought-provoking.Ontheotherhand,
therearelimitationsthatthatrequiresomeattention.Thesamplesize,thoughmorethansufficient
forstatisticalanalysis,couldhavebeenlargerandnotrestrictedtoonecityorcountry;therefore,
thegeneralizabilityoftheresultsislimited.Τhenumberofteachinginterventionswasalsolimited;
evenmorehumanorgansystemscouldhavebeenincluded.Unfortunately,theinflexibleschools’
timetableandotherrestrictionsimposedbytheschools,resultedinnotbeingabletodoso.Lastly,
datawerecollectedusingquantitativetools(questionnaireandevaluationsheets);qualitativetools,
suchasinterviewsandobservations,wouldhaveallowedanin-depthunderstandingoftheimpact
oftabletsonpupils’learning.

Theabovelimitationscansettheguidelinesforfutureresearch.Largersamplesizesanddifferent
age groups can provide useful insights on the impact of tablets on all levels of education. The
teaching/learningsubjectscanincludenotonlymoreorgansystemsofthehumanbodybutalsoother
science-relatedtopics.Quantitativetogetherwithqualitativetoolscanhelpresearcherstothoroughly
understand the benefits that tablets bring to education. Given that teachers’ views and attitudes
towardstheuseofmobiledevicescanhaveasignificantimpactonif,how,andtowhatextentthese
devicesareusedduringteaching,itwouldbeinterestingtostudytheirviewsonthismatter.Finally,
comparisonsbetweentabletsandotherICTtoolscanprovideabetterunderstandingoftherelative
advantages(ordisadvantages)thatthesedeviceshave.

Inconclusion, tablets togetherwithapplicationswithARfeatures,are indeedan interesting
alternativemethodforteachingthehumananatomytoprimarylevel.Thepupils’enthusiasmand
engagementinthelearningprocess,theincreasedlevelsofcollaborationandthelearningoutcomes
areinsupportofthisview.Ontheotherhand,moreandpedagogicallysoundapplications,together
withamorewell-developedpedagogyareneeded.Consequently,thereisstillalongwayaheadbefore
thefullpotentialoftabletsisrealized.
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