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ABSTRACT

AskingscientificquestionsisthefirstpracticeofscienceandengineeringlistedintheNextGeneration
ScienceStandards.However,gettingstudentstoaskunsolicitedquestionsinalargeclasscanbe
difficult.Inthisqualitativestudy,undergraduatestudentssentSMStextmessagestotheinstructor
whoreceivedthemonhismobilephoneandviaGoogleGlass.Usingobservations,codingoftexts,
andinterviews,theresearchersinvestigatedthetypesandlevelofquestionsstudentsaskedandthe
perceptionsoftheinstructorandTAsonhowthemessageswerereceived.Fromthefindingsofthis
study,itisevidentthatstudentsaskedawidevarietyofquestiontypesandlevels.Itwouldappear
thatimportantdistinctionsbetweenvoiceandtextquestionsarethat:(a)ashyorinsecurequestioner
canremainanonymous;(b)questionscanbeaskedinaninteractive,butnotinterruptivemanner;
(c)thereisnotimelimittoansweringquestions;and(d)therecordofquestionsontheinstructor’s
phonecanbeusedtoguiderevisionoflecturenotesforfuturesemesters.

KeywoRDS
Educational Technology, Mobile Learning, Science, Science Education, Science Instruction

INTRoDUCTIoN

Studentquestioningiscrucialtothelearningprocess.Whenstudentsposequestionsinclass,they
aremoreengagedandexperiencemoreautonomy(Etkina,2000;Marbach-Ad&Sokolove,2000).
Askingscientificquestionsanddefiningproblemsarethefirstpracticesofscienceandengineering
listedintheNextGenerationScienceStandards(NGSS,2013)andtheframeworkthatguidedtheir
development(NRC,2012).Ifaskingquestionsisacorescientificpractice,thenitstandstoreasonthat
encouragingstudentstoengageinquestioningwithinatraditionalclassroomlearningenvironment
isadesirableactiononthepartofanyinstructor.Sciencelearningattheearlyundergraduatelevel
offers a uniquely challenging context for promoting student questioning. In this context, where
enrollmentinasinglecoursecanoftenbeinthehundreds,student-to-studentandstudent-to-teacher
communicationisuncommon(Cotner,Fall,Wick,Walker&Baepler,2008).Therefore,theinstructor
mustbeskilledindevelopingtechniquestoenablestudentstoaskquestionsinlargeclasses(Cotner
etal.,2008;Harper,Etkina&Lin,2003;Etkina,2000).
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Mobile devices can be used by students to interact with instructors in courses with large
enrollments(Caldwell,2007;Draper&Brown,2004;Elliot,2003;Pradhan,Sparano,&Ananth,
2005).Theaffordancesofthesecommunicationdevicescanfacilitatevarioustypesofinteractions,
includinginstructor-to-students,students-to-instructor,andstudents-to-peers.Thepurposeof this
study is to explorehowscience students ina largeuniversityclassusedShortMessageService
(SMS;whichiscommonlyreferredtoastextmessaging)toaskstudentgeneratedquestions.These
questionsareexploredtodeterminethetopicsofquestionsstudentsask,suchasquestionsabout
theorganizationoftheclassorquestionsaboutscienceconcepts,andthelevelofthosequestions
(higherorlowerlevelquestions).Inaddition,theresearchersexaminedinstructorperceptionsofthe
wayquestionswerereceivedthroughtwodifferentmobiledevices;mobilephoneandsmartglasses.
TherearevarioustypesofsmartglassesofferedbySony,Apple,AmazonandMicrosoft;however,
forthisstudy,GoogleGlasswasused.

Thetwoquestionsguidingthisstudyare:

1. Whenstudentsaskquestionsviatextmessagesinalargeclassroom,whykindofSMSmessages
arereceived?

2. WhenstudentsaskquestionsviaSMSmessagingwhatsortofquestionsareaskedintermsof
higherandlowerorderthoughtprocesses?

3. Whataretheperceptionsoftheinstructorsregardingperceivedbenefitswhenreceivingstudent
initiatedquestionsusingamobilephoneandsmartglasses?

LITeRATURe ReVIew

Thetwoquestionsguidingthisstudyfocusonfourmaintopics;1)howstudentquestioningcansupport
learning,2)higher/lowerorderquestioning,3)limitationsanddifficultiesinsolicitingquestionsin
largeclasses,andfinally4)howmobilelearningcanofferanalternativequestioningmethod.

Student Questioning
Intheprocessofbecomingascientificallyliteratecitizen,itiswidelyarguedthatthesciencestudent
should develop an informed understanding of the ways in which knowledge is produced by the
scientificcommunity(Shapiro,2015).TheauthorsoftheNextGenerationScienceStandards(NGSS)
advocatedforafocusnotonlyonsciencecontent,butalsoonthepracticesemployedbyprofessionals
asthatcontentknowledgeisconstructed(NGSSLeadStates,2013).Amongthesepracticesisthe
askingofscientificquestions(NRC,2012).Indeed,scienceeducationresearchhasrecentlyreceived
arenewedfocusontheneedtobetterunderstandandpromotestudent-centeredformsofscientifically
sounddiscoursepracticesinschoolsettings(Kiemer,Gröschner,Pehmer,&Seidel,2015).Student
generatedquestionsareanecessarycomponentofstudentengagementinscientificargumentation,
ahighlyauthenticformofscientificdiscourse(Chin&Osborne,2010).

Therearemanyempiricallysubstantiatedbenefitsforstudentsdevelopingandaskingquestions,
includingopportunities to:experienceautonomyandactive learning (Etkina,2000;Marbach-Ad
& Sokolove, 2000); extend comprehension and look at information in different ways (van Zee,
Iwasyk,Kurose,Simpson&Wild,2001);makeconnectionsbetweenbackgroundknowledgeand
newinformation,resultinginahigherlevelofunderstanding;activateproblemsolvingstrategiesto
collaborateandresolveconflicts(Chin,Brown&Bruce,2002);anddevelopafeelingofenhanced
motivationtoextendandcontinuelearning(Chinetal.,2002).However,thepurposeofaquestionmay
simplybetofindoutwhattimeclasswillstartinnextweek,todeterminethedateofthenextclass
test,ortoseekabasicdefinitionofatermtheinstructorjustused.Studentgeneratedquestionsare
typicallylowerlevelquestionsinthattheyhavenottakenagreatdealofthoughtinthedevelopment
ofthequestion(Almeida,2012;Chinetal.,2002).
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Higher/Lower order Questioning
Otherscholarshavestudiedthelevelofstudentquestioninginscience.JesusandMoreira(2009)
studiedthreecategoriesfromstudentquestionsinachemistryclass:(1)thenumberofquestionsatthe
cognitivelevel,(2)therelationshipwiththeproblem,and(3)theorientationtotheproblem.Forthe
cognitivelevel,theresearchersgavethequestionstofiveprofessorsand2PhDstudentstocategorize
againstBloom’sTaxonomy(1970):knowledge,comprehension,application,analysis,synthesis,and
evaluation.Althoughtheseuseawell-recognizedframework,each levelof the taxonomycanbe
interpretedinvariousways.

Marbach-AdandSokolove(2000a)developedataxonomyforstudentgeneratedquestionsina
highereducationscienceclass.Theseresearchershadlargeclassesof225studentsandtheyfocusedon
students’writtenquestions.Theirhierarchicaltaxonomy,basedonBloom’sTaxonomy,forclassifying
students’questionshadeightcategories,rangingfromlowerorderquestionstohigherorderquestions.
ThetaxonomywasdevelopedempiricallyinanotherstudybyMarbach-AdandSokolove(2000b)
whoaskedhighereducationsciencestudentstoconstructquestionsaftercompletingthetextbook
readings.Thetaxonomywasdevelopedbyexaminingover150writtenquestionsfromaprevious
classandgroupingsimilartypesofquestionstogether.Atthelowerendofthetaxonomy,questions
weresimpledefinitions.Dependingonthelevelofquestionsposed(e.g.,lowlevelversushighlevel
questions),studentsmayfindthemselvesengagedinpotentiallymotivatinglearningthatmirrorsother
practicesofsciencesuchasthegenerationofsolutionstoproblems(Chinetal.,2002).Marbach-Ad
andSokolove(2000b)alsoincludedacategorythatwasnotclassedashigherorlowerorderdue
tothelackofclarityinwhatthestudentwasasking.Forexample,thequestionhadgrammaticalor
spellingerrorsthatmadeitillegible.Theresearchersuncoveredbenefitstolearningbeyondranking
students’levelsofthinking,suchasthebenefitsforinstructors.Asstudentsaskquestions,opportunities
arisefortheinstructorstoassessstudentlearning,providetimelyfeedback,andassessthequality
ofstudents’thinkingprocessesandconceptualunderstanding.Inaddition,instructorscanidentify
learningdifficultiesandadjustinstructiontomeetstudentneeds(Etkina,2000;Harperetal.,2003).

Limitations/Difficulties Soliciting Student Question in Large Classes
Lecturingisthemostcommonapproachtoinstructioninhighereducation(Cuseo,2007;Mulryan-
Kyne2000)especiallywhenclassesarelarge(Cooper&Robinson,2000;Cuseo,2007).Thisoften
resultsinstudentsactingaspassivelearners(Al-Zahrani,2015).Passivelearninginlargeclasses
appearstohaveanegativeimpactonstudentmotivation(Wadsworth,Husman,&Duggan,2007)and
attendance(Cooper&Robinson,2000).Furthermore,despitethelargenumberofstudentspresent
inonelocation,studentsinlargeclassesoftenreportasenseofisolationandanonymity(Svinicki
&McKeachie,2010).

Despitethebenefitsforbothstudentsandinstructors,studentscanbehesitanttoaskquestionsby
raisingtheirhandinalargeclass.Askingquestionsisamajorfearformanystudentsinsuchsettings
asitcangeneratevulnerability(Lattuca&Stark,2009).Studentsmayfearbeingconsideredstupid,
orontheflipside,beingseenasnerdy;therefore,theyoftenchoosemoreprivatewaystorespond,
forexampleinhomeworktasks(Etkina,2000;Harperetal.,2003;Marbach-Ad&Sokolove,2000).
Thiscouldbeintheformofemail,officevisits,orconferencesbeforeorafterclass.Suchprivate
formsofcommunicationdonotnecessarilyoccurinatimelymanner.Toinciteamilieuofstudent
engagementandinteraction,studentsshouldbeencouragedtoaskquestions(Prince,2004;Weimer,
2010)andpromoteopportunitiesforstudentquestioning(Engle&Conant,2002).Instructorsneed
toexplicitlyprovideopportunitiesforstudentstoposequestions(e.g.,askingforstudentquestions,
fosteringenvironmentsconducivetosuchdiscourse,encouragingsmallgroupdiscussions,planning
problemsolvingactivities)iftheyexpectthemtodoso(vanZeeetal.,2001;Chinetal.,2002).
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Mobile Technologies
Marx(Vološinov,1973)andVygotsky(1929)providedontologicalargumentsfortheuseoftoolsas
mediatorsofsociety(Marx)andlearning(Vygotsky).Vygotskyprofferedthattoolsshapetheway
peopleinteractwitheachotherandthewaypeoplelearn.Theobjectusedasatoolcouldwellbea
digitalmobiledevicethatactsasasocialmediatorinthewaythatitconnectstheuserwithcontent/
learningobjectsandpeople.Advancementsinmobiletechnologiesareprovidingmoreoptionsfor
learningasthesedigital toolsaresmaller,faster,morepersonalized,andmoreeasilytransported
thandesktopdevices.Mobiledevicesarenowrecognizedasa tool toincreasestudent-instructor
interactions(Caldwell,2007;Draper&Brown,2004;Elliot,2003;Pradhanetal.,2005).Theyallow
theinteractionbetweenstudentsandinstructorstobetwo-way,ratherthanthehistoricalinstructor-
to-studentinteraction.

Technologieshaveevolvedinthewaytheyintegratewithpedagogies.Clickerswereanearlytype
ofclassroomresponsesystemwhereinstructorsposedsimplemultiple-choicequestionsandstudents
gavetheirresponsesviahandheldremote-controldevicestoanswermultiplechoicequestions.Such
classroomresponsesystemswerefoundtoincreasestudentengagementandinteractioninresponse
to instructor’s questions (Cotner et al., 2008). Web-based programs, such as Socrative and Poll
Everywhereofferedamoretechnologicallyadvancedsystemwherestudentscouldparticipateusing
theirowndevices.Theinstructorstillposedthequestions,butstudentsnowhadtheopportunityto
respondinmorewaysthanjustpressingoneoffourorsixbuttons.Thoughrelativelytechnologically
advanced, these web-based programs still focus on the instructor-to-student model of initiating
interaction.

Textmessaging,whichisavailableonbothbasicandsmartphones,isacommunicationprotocol
thatenablestheexchangeofshortmessagesbetweenandamongindividualswithoutinterruptingthe
effectofreal-timeconversation.Avastmajorityofuniversitystudentsarefamiliarwithtextingand
havebeenusingthistechnologytointeractwithpeersformanyyears.Usingtheirownmobiledevice,
studentscan textmessage their instructoranonymouslyas the instructor isunlikely to recognize
hundredsofphonenumbers.Atanappropriatetimeinthelecture,theinstructorcanchoosetorespond
tostudents’texts,clarifyinformation,discusscontent,andmodifyinstructionasneeded.Textarriving
attimesthatmightinterrupttheinstructors’presentationcanbeignoredorputonhold.Thomas,
OrthoberandSchultz(2009)usedSMSwithstudentsandfoundthatitincreasedcourseinteractions.

Instructorscanreceivetextmessagequestionsviaacomputeratthelectern,amobilephone,or
awearabledevicesuchassmartglasses.Withtheportabilityofwearabletechnology,thisgenreof
technologiesfitsasasubcategoryofmobiledevices.GoogleGlass,thesmartglassesusedinthis
study,consistsofahead-worncomputermountedinaspectacleframe.Asemi-transparentgraphical
displayisprojectedthroughaprismsothatithoversintheperipheryofthewearer’sfieldofview.
Inputisachievedbytappingorswipingtheframeorbyspeakingcommands,forexample“Okay
Glass,sendamessage”.Thereisavideocamera,mic,andearpiece.GoogleGlasscanaccessmost
webpagesandperformotherfunctions,butforthepurposeofthisstudy,thesmartglasseswereonly
usedtoreceivetextmessages.Regardlessoftheinstructor’sdevice,duringthisstudythestudents
consistentlyusedtextmessageprotocols.

MeTHoD

Study Context
Theinitialconceptualizationofthisprojectwasguidedbythecourseinstructor,thefourthauthorof
thisreport,whoreachedouttothefirsttwoauthors,atechnologyeducatorandascienceeducator
respectively, to systematically investigate the impact of texting based student questioning in his
undergraduatescienceclass.Tominimizeauthorbias,theinstructorofthecoursewasnotinvolved
inthedatacollection,analysis,orreportingonthesesectionsofthemanuscript.Aninstitutional
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reviewboardreviewedthismethodologyandconfirmedthatethicsprocedureswereinplace.Those
procedureswerefollowedduringthisstudy.

Participants
ThisstudytookplaceinanundergraduateastronomycourseatalargeMid-Atlanticpublicresearch
university.Therewasatotalenrollmentof371studentsinthisclassduringtheFallsemesterand372
intheSpringsemester.Thecoursesatisfiedauniversitygeneraleducationrequirementandstudents
weremainlynon-sciencemajors.Bothsectionsofthecoursewereequallydiverseintermsofgender
andethnicity.Undergraduateenrollmentattheuniversityisover25%AfricanAmericanandover
60%female.Thestudywasdesignedtoenabletheresearchteamtoexplorethecourseasasingle
entity.Thestudentparticipants,theinstructor(aprofessorofgeophysicsandastronomy),andthe
fourgraduateteachingassistants(TAs)assignedtoeachcoursecollectivelyservedasasinglecase
thatwasstudiedthroughadescriptive,singlecasestudy(Yin,2015).

Procedures
Atthebeginningofthe2013Falland2014Springsemesters,theinstructorgavetheclasshismobile
phonenumberandverballyencouragedstudentstoaskquestionsduringtheclasstimebytextinghim.
Heexplainedthathewouldreceiveandrespondtomessagesinrealtime,however,studentswereasked
nottoexpectinstantanswers.Studentswereremindedofthisprocessthroughoutthesemester.The
classesconsistedofa75-minutelectureperiodwithacyclicalprocessoffiveto15-minutelecturettes
followedbythink-pair-shareandin-classstudentdiscussions.

Twotypesofdatawerecollectedinthisstudytoanswertheresearchquestions.Thesedatawere
thetextmessages,interviewswiththeinstructorandTAs.TheTAswerepresentatlectures,each
allocatedtoasectionofthelargeauditorium,andtheyparticipatedinmentoringclassroomactivities.
DuringtheFallsemester, the instructorreceivedtextmessagessent tohismobilephoneandthe
instructorwouldpickupthephoneandreadthemessageduringclasswhenheheardthenotification
beep.IntheSpringsemester,thetextmessageswerealsoreceivedthroughtheinstructor’ssmart
glasses,appearingautomaticallyintheinstructor’speripheralviewfortheinstructortoread.The
instructorandthreeTAswereeachindividuallyinterviewedtwice:onceregardingtheirperspectives
ofstudentssendingtextmessagequestionsandhowtheywerereceivedviaphoneandonceregarding
theirperspectivesoftextquestionsreceivedviasmartglasses.

Student Questions – Text Messages
Todeterminethecharacteristicsofstudentgeneratedquestions,thetwoprimaryresearchersbegan
codingusingtenaprioricodes(Stemler,2001)developedbyMarbach-AdandSokolove(2000).These
aprioricodeswereselectedforthisstudyastheywerebeingusedforthepurposetheyweredeveloped
for,whichistorankstudentquestionsbasedonpurposecategoryandlowerorhigherorderthinking.
Tworesearcherscodeddatausingtheaprioricodesandthenmettodiscussinter-raterconsistency.
Fromthesediscussions,thecodeswereamendedandtheresearcherscodedadditionaldataandmet
againtorefinethecodesfurther.Initialdiscrepancieswerediscussedandcodeswerereviseduntil
consensuswasachieved.ThisiterativeprocessresultedintheeightfinalcodesdisplayedinTable1.

Thetwoprimaryresearchersthenindependentlyappliedthislistofcodestoalltextmessages
receivedintheFallsemesterbeforereturningtogethertodiscusstheiranalysis.Usingthistypological
analysis(Hatch,2002),anindividualresearcherthencodedtheremainingquestionsreceivedviasmart
glassesintheSpringsemester.Typologicalanalysisinvolvestheapplicationofaprioricodesbased
ontheliteratureasaframeforanalysis.Inthiscase,theauthorsreliedonasystemofcodesthatwas
developedfromtheliterature(i.e.,Marbach-Ad&Sokolove,2000;Stemler,2001)andsubsequently
modifiedbytheresearchers.Notethatthelowest-numberedthreecodesarelistedasnon-questions
andarethereforenotincludedinthehigherorderandlowerorderquestioningcategories.
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Interviews
Theanalysisoftheinterviewsfollowedtheprinciplesofcodingoutlinedforuseintheapplicationof
constructivistgroundedtheorytorevealthemes(Charmaz,2006).Thesedatawereusedtoanswer
oursecondresearchquestion.Oneresearcherdeveloped50initialcodeswhileanalyzingtheentire
interviewdataset.Then,tworesearcherscametogethertodiscussthesecodesandgeneratedarefined
listoffocusedcodes.Theresearchersthenindependentlyusedthesefocusedcodestoanalyzetwo
oftheeightinterviews.Thetworatersthendiscussedanyinstancesofdisagreementandrefinedthe
applicationofcodesuntilconsensuswasreached.Anindividualresearcherthenanalyzedtheremaining
interviewsaccordinglyusingtherefinedfocusedcodes.Thefinal15codeswerecategorizedinto
threegroupsfordiscussionintheresultssection:questions,affordancesforstudents,andaffordances
forinstructors.ThesecodescanbefoundinFigure1.

ReSULTS AND DISCUSSIoN

Inthissection,thefindingsareorganizedaroundthemajorfociofourresearchquestions.Thefirst
sectionprovidesaresponsetothefirstquestionofthisstudyastothequalitiesofstudentquestions.
Thenext section is structuredaround thesecondquestion that focusedon instructorperceptions
regardingthebenefitsofreceivingstudenttextquestionsbymobilephoneorsmartglasses.

Characteristics of the Questions Received from Students via SMS
FindingsoftheanalysisoftheSMStextmessagesofthestudentgeneratedquestionsarepresented
inTable2.Itshowsthetypesofquestionandthepercentagesviatextandsmartglasses.Inaddition,
studentquestionsareprovidedasexamplesofquestionsfromSMStomobilephoneandSMStosmart
glassesforeachofthecodes.Thefirstthreecategories(nonsense,organization,andinformation)
wereremovedfromthistableasthiswasnotthemajorfocusofourfirstresearchquestion.

It is clear from these data that the “explanation” and “connections” questions increased in
relativefrequencyupontheintroductionofsmartglasses.Inbothcases,thefrequencyofthehighest
levelofquestions,“hypothesizing”,wasrelativelylow.Theinstructorhadbeenusingtextmessages
inpreviousclasses;however,asthisclasswasbeingstudied,hemayhavebeenmoreawareofthe
purposeandlevelofquestionshewasreceiving.

Table 1. The final set of codes used to analyze the purpose of the student questions
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Figure 1. Final interview codes

Table 2. Findings from analysis of text message questions received from students

Types of Questions 
Received

Text-to-
Phone

Text-to-Smart 
Glasses Examples

Definition 6=2% 0=0% SMS-to-Phone:Whatistheheliosphere?
SMS-to-Smart Glasses:-Noneavailable

Explanation 42=14% 12=21%
SMS-to-Phone:Whatcausessunspots?
SMS-to-Smart Glasses:What’sthetheoryforthecreationof
theMoon?

Extension 83=28% 17=29%
SMS-to-Phone:Howrealisticisterraformingotherplanets.
SMS-to-Smart Glasses:Couldweeveradaptovertimeto
becomedependentonCO2ratherthanO2?

Connections 32=11% 12=21%

SMS-to-Phone:DosomesolarstormscausetheNorthern
Lights(SouthernLights)?
SMS-to-Smart Glasses:Iswhathappenedtothemoonthe
samethingthathappenstoMars...thebendingoflightthrough
atmosphere?

Hypothesizing 4=1% 2=3%

SMS-to-Phone:Arecactiagoodsourceforterraformingin
Marsbecauseoftheirabilitytoholdinwater?Orwouldit
freezeinsideofthem?
SMS-to-Smart Glasses:Couldwecreatesometypeof
greenhouseeffectonmarseffectiveenoughtowarmthe
atmospheresignificantly?
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FromtheresultsinTable2,thereisevidencethatstudentsareusingtextmessagestoaskquestions
aboutscience,someofwhichwentfarbeyondaskingforasimpledefinitionorexplanation.This
alignstothecallfromscholars,governments,andorganizations(e.g.,AAAS,1993;Chin&Osborne,
2010;NGSSLeadStates,2013)forstudentstobecomeinvolvedinscientificallysounddiscourse
practicestobecomescientificallyliteratecitizens.Furthermore,studentswhoaskedquestionsmay
gainfrombenefitssuchastheexperienceofautonomyandactivelearning(Etkina,2000;Marbach-
Ad&Sokolove,2000),andtheopportunitiestomakeconnections,resolveconflicts,andactivate
problemsolvingstrategies(Chinetal.,2002;Gallas,1995).

Intheanalysisofthelevel(higher/lowerorder)ofquestionsasked,Table3displaysthepercentage
ofquestionsateachlevel.Thereappearstobeagoodrepresentationofcommunicationsacrossall
threecategories(higherorder,lowerorder,andnon-questions)withthetextmessagestothemobile
phone.Thetextquestionstosmartglassesdisplayahighernumberofhigherorderquestions(53%)
thantheothercategories,althoughtheremainingpercentageisspreadacrosstheothertwocategories.

Thestudentsusedthetexttosmartglassestoaskanumberofhigherorderquestions.Itwould
appearthatthetechnologicaltoolsprovidedanopportunityforstudentstoaskadvancedquestions.
Thispositivelyinfluencedthelearningofthestudentaskingthequestionaswellasothersinthe
class.Furthermore,thestudentswhoaskedthosequestionswereactinginaccordancewiththeNGSS
standardsinaskingscientificquestionsandengagedinthisasascientificpractice.

Inreviewingtheresultsonthepercentageofhypothesizingquestions,theresultswerelowfor
bothsemesters.Thislownumbermaybeduetothedifficultyinconstructingsuchquestionsand
theacademiclevelofthestudentsintheclass.Inareviewofthenumberofwordsandthelength
ofthedifferentquestions,hypothesizingquestionsweretypicallylongerthanothers.Asdatawere
triangulatedusingtheobservations,itwasrecordedthattheinstructormadenegativecommentsinboth
semestersaboutscrollingthroughlongmessagesonthemobilephoneandthedifficultyofreading
themonsmartglasses.Onsmartglasses,thefontsizedecreasesincrementallywithincreasingmessage
length,makinglongmessagesprogressivelymoredifficulttoread.Whenusingthemobilephone,
thefontsizeremainedconstantbuttheinstructorhadtoscrolltoseemoreofthemessage.These
commentsmayhaveinadvertentlyaddedtothelackofhypothesizingquestionsaskedbythestudents.

Thespreadacrossthelevelsofquestioningisinterestingasitappearsthatstudentsareusingtext
messagestoasklowerorderquestionsjustasmuchasothercategories.Wattsetal.(1997)described
afeelingofvulnerabilitythatstudentscansenseastheyraisetheirhandstoaskquestionsduetoa
fearofdevelopingnegativeimpressions.Alargepartofthatnegativityisfromstudentsconcerned
aboutasking“stupid”questions(Etkina,2000;Harperetal.,2003).Fromtheresultsofthisstudy,
itwouldappearthatstudentsdonothavethisconcernwhenaskingquestionsusingtextmessages
inthislargeclass.30%ofquestionsreceivedtothemobilephoneand28%tosmartglasseswere
lowerorder.Onlyasmallnumberwereaskedatthedefinitionlevelwith2%tophoneand0%to
smartglasses.Questionsabouttheorganizationoftheclassalsofitintothelowerordercategory
andstudentsappearedcomfortableaskingtheseviatext.Thesemayhavebeenquestionspreviously
avoidedbystudents.

Table 3. Percentages of levels of questions

Level of Questions Text-to-Phone Text-to-Smart Glasses

HigherOrderQuestions 40% 53%

LowerOrderQuestions(including
questionsabouttheorganizationof
theclass)

30% 28%

Non-Questions 30% 19%

Note: percentages do not total 100% due to rounding to the nearest integer.
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Thegreatestdifferenceinstudentsraisingtheirhandsversususingtextmessagestoaskquestions
isanonymity.Whenastudentraisestheirhandandverballyasksaquestion,therestoftheclass
knowswhoaskedthequestionandwouldalsobeabletohearthatstudentverballyconstructthe
sentenceinreal-time.Asthestudentusestextmessages,theyhavethequestionansweredbutthey
remainanonymoustotherestoftheclass.Thisperhapsresultedinanincreaseofquestionsoflower
levels(regardlessofthetypeofmobiletechnologiesused)duetothestudents’perceptionsthatothers
wouldnotmocktheirnaïvewonderingsduetonotknowingwhoitwasthataskedthequestion.One
wouldexpectthatthepotentialforembarrassmentwouldlimitthenumberoflowerlevelquestions
apartfromthesemobiletechnologieswhentraditionallectureformatsrequirestudentstoraisetheir
handsandthenaskaquestionwiththeeyesoftheentireauditoriumuponthem.

Thereisalsotheaddedbenefitofusingtextsinthatthestudentcanconstructtheirsentences
andthengobacktoreadandcheckformeaninganderrorbeforetheysendthemtotheinstructor.
Itcouldbeargued thateducatorsprefer students toaskhigherorderquestions rather than lower
order.However,providingstudentstheopportunitytoasklowerorderquestionsiscrucialasthey
maybemissingasmall,yetveryimportant,understandingthatunderpinshigherorderconcepts;
forexample,thestudentmaynotunderstandthemeaningofaterm.Withouttheopportunitytogain
suchbasicunderpinninginformation,studentsarguablycannotmoveontomoreimportantconcepts
andquestions.

Instructor and TA Perspectives
InterviewswiththeinstructorandcourseTAsofferedvaluableinsightsintotheirperspectivesonthe
useofthesemobiletechnologiesinclass.Theinstructordescribedthevalueheplacedonstudent
questioningandhowitallowedhimtomonitorengagementandcheckstudents’thoughtprocesses.
Theinterviewdatawerecodedandorganizedintothreecategoriesthatwereemployedinstructuring
thissectionofthemanuscript.Thosethreecategoriesarequestions,affordancesforstudents,and
affordancesfortheinstructor.Thelattertwoappearpositiveasthatwastheoverallmessagefromthe
synthesisoftheinformationandthecodes.Nonetheless,negativepointswerediscussed,andthese
arealsodescribedinthesesections.

Questions
Thereweremanypositivedescriptionsof thequestions in the interviews,hence the inclusionof
codessuchasauthenticquestionsanddeeperquestions.Inoneinterview,theinstructordescribed
the“interesting”questionshehadreceived.“Lastclassastudentaskedme,‘Whydon’tblackholes
haveatemperature?Tome,that’sjustreallythinking.”Inotherwords,thereisavaluetostudents
askingquestionsinlargeundergraduatescienceclassesasitfostersadepthtotheirthinking.Inthe
secondinterviewfollowingthetransitiontotextingtosmartglasses,theinstructorthoughtstudents
wereaskinghigherorderquestionsatamoreadvancedlevelthanthoseinthefirstsemester.“My
gut feeling is that thequestionsweremorewell-formed[than those from the text tophone]and
thoughtful…Ifelttherewerefewersillyquestions.”

The TAs seemed to agree. One in particular, described thesequestions as being “real” and
“relevant”whenaskedbystudents through textmessage technology.Whenanalyzing interviews
ofparticipantsinwhichtheydiscussedthereal-timenatureofquestions, thesewereoftencoded
as“authenticquestions”becausethequestionswereclosertothetopicathand.Thedatafromthe
analysisofthetextmessagesshowthatstudentsaskedmorelowerorderquestionswhenthetext
wenttosmartglassesthanwhenitwasreceivedviaamobilephone.Nonetheless,therewerefewer
nonsensequestionsandinformationtotheinstructorinthesmartglassessemester.

Therealsowasadescriptionbytheinstructorofwhatwehavecodedas“shallowerquestions”
thatmayhavebeenaproductoftheanonymityaffordedbythemobiletechnologies.Theinstructor
toldus,“thequestionsIgetontextsaremuchmorenaïve,andlikeIsaid,theyareunashamedand
unafraidtoask,unafraidtolookstupidinfrontoftheirpeers…whichIthinkisafactor.”



International Journal of Mobile and Blended Learning
Volume 10 • Issue 1 • January-March 2018

57

Interestingly, one TA in particular thought that the questions were both more frequent and
potentiallydeeperwhenreceivedviasmartglasses.“Theyarequestioningmoresomaybethequestions
getalittlebitmoredeeper[sic].”Theinstructordidthinkthathigherlevelquestionsmighthave
resultedfromstudentcuriositywiththenewtechnologies.“Itmaybeanovelty,youknow,afirst-
timeeffectorsomething.”However,theinstructoractuallythoughtthathereceivedfewerquestions
overallafterimplementingsmartglasses.

Affordances for Students
Asthecodingwasconducted,atrendtowardsaffordancesforstudentsemergedfromtheinterviews
fortextmessagestophoneandsmartglasses.Intheinitialinterview,theinstructordescribeshowhe
believedthatstudentengagementhadincreasedsincehehadbeenencouragingstudentstousetheir
mobilephones.Thiscameoutinhowhesuggestedthattheuseoftext-messagesquestioningforced
himtofocusonengagementduetothequestionsthathewasreceiving.Hesaid,“Okay,well…Ithink
studenttextingkeepsmehonestbecauseitpreventsmefrom,youknow,assumingthatthestudents
arelistening,understanding,engaged,etc.Soitmakesmeworkhardertokeepthemengaged.”

Intheanalysisofthetexts,theresultsappearedtoshowthatstudentsutilizedtheavailabilityof
thetechnologytoengageinaskinghigherorderscientificquestionsaswellastheanonymityofthe
textmessageprocesstoasklowerorderquestions.Theinterviewcommentsoftheinstructorand
theTAsconcurwiththisfinding.Intheinitialinterview,theinstructordiscussedhowtextmessages
allowedformorenaïvequestionsthanwerepreviouslyasked.CommentsfromtheTAsalsodescribed
thepositiveaffordanceoftheanonymity.OneTAstatedintheinitialinterview,“Maybesomeofthem
don’twanttoraisetheirhandandgethumiliated…It’smorediscreetiftheyjusttext.”

Affordances for Instructors
Thebenefitfortheinstructors,particularlywhenusingsmartglasses,wasathemethatemergedfrom
ourinterviewanalysis.DuringtheinterviewboththeinstructorandtheTAsdiscussedthebenefitsof
“real-time”thatwereaffordedbysmartglasses.SMSmessagesreceivedbyphonecausedtheinstructor
totakebreaksinhislecturetocheckhismobilephoneandscreenthequestionshewasreceivingto
decidewhichones(s)toanswer.OneTAdescribedthereal-timebenefitashewasinterviewedin
thesecondsemester“[Whenusingtexttophone]someonehasaquestion…anditgetstohimand
he’sfourslidesaheadwhenherememberstocheckquestions.”Thiscouldbefrustratingtostudents
astheinstructormovesaheadwiththelectureandtheirquestiongoesunanswereduntilhenotices.
Withsmartglasses,theTAstated,“Hegetsquestionsreal-timenowandhedoesn’thavetowalk
aroundwithhisphoneallthetime.”Intheinstructorinterview,theinstructordescribedhowhehad
perceivedasimilarnegativitytowardstext-to-phonewhenhewasabletocomparehisactionstohow
hereceivedtextswithsmartglasses.Beforesmartglasses,questionswere“threeorfourslidesback…
andwithGlass…[they]seemedtobeclosertothetopic,thecurrenttopic.”

Whenthe instructorusedsmartglasses, themessagesappearedin the toprightofhissemi-
transparent,eye-levelscreen.Therefore,therewasnoneedtodoanyfurtheractionthanreadthetext
thatappearedinhisfieldofvisionatthesametimeashewasalsolookingatthestudents.Thisisa
goodexampleofhowwearabletechnologiesareapotentiallyeffectivewayforaninstructorofalarge
coursetoreceivetextmessagesfromstudentsthatareclosertothetopicathand.Theinstructordid
statehowitwouldbeevenmorebeneficialiftheinstructorcouldeasilyforwardaquestiontohisor
herslidepresentationforalltosee,withoutshowingthequestioner’sphonenumber.Thisisafurther
enhancementtothesetechnologiesthatmayappearinthefuture.

Study Limitations and Future Studies
Alimitationofthisstudyisthatitonlyprovidesasnapshotofoneclass.Asaresult,wedonotwant
tooveremphasizethedifferencesinthetypesofquestionsreceivedviathetwodifferentmethods
(phonevs.GoogleGlass).Thatsaid,theinterviewswiththeinstructorandthecourseTAsofferssome
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thoughtsregardingthemeritsofeachmethodfromtheirperspectives.Itwouldbebeneficialforfuture
studiestocollectfurtherdatatodeterminetheconsistencyofthesefindings.Inaddition,inthisstudy
theresearchersgatheredlessdatafromSMStosmartglasses.Itwouldhavebeenbeneficialtothis
studyiffurtherdatacouldhavebeengathered.Thisstudyprovidesideasofthepotentialofwearable
technologies,suchassmartglasses.ItwillbeinterestingtoseehowthesecondgenerationofGoogle
Glasswillcomparetothefirstgenerationusedinthisstudy.Othersimilarwearabletechnologies,
suchasMicrosoftHoloLensmayofferfurtherbenefitstotheinstructor.Futurestudiescouldalso
comparestudentgeneratedquestionswithandwithouttechnologies.

CoNCLUSIoN

Marbach-AdandSokolove(2000)postulatedthatlargesciencecoursescouldbedesignedinways
thatfosterstudentquestioning,adesirablepracticeinscienceandakeypartofauthenticscientific
discourse.Theresultsofthisresearchindicatethatmobiletechnologiescanhaveaparttoplayin
designingengaginglessonsandcanprovideaspecificwaytoenhancestudents-instructorinteraction
duringalargeundergraduatescienceclass.Fromthefindingsofthisstudy,itisevidentthatstudents
askedawidevarietyofquestionspertinenttoscience.Thesequestionsarebothhigherorderandlower
orderquestions.Thetechnologyallowedstudentstoaskpertinentreal-timehigherorderquestions
toextendtheirunderstandingsandengageinscientificdiscussions.Anotherimportantfindingwas
thatstudentswereaskinglowerorderquestions,andanargumenthasbeenmadethatthisisdueto
theanonymityprovidedbythetechnology.Studentsarethengaininganunderstandingthatmayhave
beenobstructedbeforeastheydidnothavethatunderpinningknowledge.Studentswereaskinghigher
levelquestionstoevenhypothesizewiththenewinformationtheyhadgathered.

Itwouldappearthatanimportantdistinctionbetweenvoiceandtextquestionsisthat:(a)ashy
orinsecurequestionercanremainanonymous;(b)questionscanbeaskedinaninteractivebutnot
interruptivemanner-theinstructorcanrespondtosimplerequestssuchas“pleasegobackaslide”
withoutannouncingthatheisdoingsoinresponsetoarequest;(c)thereisnotimelimit-with
raising-handquestions,instructorsmaynotwaitlongenoughforastudenttodevelopthecourage
toraisetheirhandormaydecidetoanswer,say,threequestionsandthenannouncethatit’stimeto
moveon;and(d)therecordofquestionsontheinstructor’sphonecanbeusedtoguiderevisionof
lecturenotesforfuturesemesters.

Hands-freewearabletechnologyconstitutesanewsub-categoryofmobiledevicesthatispredicted
toseerapidgrowthinthenearfuture.ItisnotcertainwhetherthespecificinstanceofGoogleGlass
willoutlastthedevelopmentphase,givenitscultreputationandhighcost;however,pendingdevices
suchastheAppleiWatchandMicrosoftHoloLens,willensurethatwearablesremainafrontierfor
technologicalexplorationandinnovation.Thisresearchstudyaddstotheempiricalliteraturebase
regardinghowaninstructorcouldutilizemobiletechnologiestoencouragestudentquestioningduring
largeundergraduatelectures,somethingthatisofbenefitwithinthedisciplineofscience.
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