
DOI: 10.4018/IJGCMS.2019100101

International Journal of Gaming and Computer-Mediated Simulations
Volume 11 • Issue 4 • October-December 2019


Copyright©2019,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



1

Using Virtual Rehearsal in a 
Simulator to Impact the Performance 
of Science Teachers
Lisa A. Dieker, University of Central Florida, USA

Carrie Straub, Mursion Inc., USA

Michael Hynes, University of Central Florida, USA

Charles E Hughes, University of Central Florida, USA

 https://orcid.org/0000-0002-2528-3380

Caitlyn Bukathy, Hands on Educational Services, USA

Taylor Bousfield, University of Central Florida, USA

Samantha Mrstik, Georgia Gwinnett College, USA

ABSTRACT

Thisstudyinvestigatedtheuseofavirtuallearningenvironment,TeachLivE,usingpre-postgroup
designtoexaminetheeffectsofrepeatedvirtualrehearsalsessions.Baseduponpastfindingsonthe
effectivenessoffour10-minutessessions,theresearchteamusedrefinedmethodstoexaminethe
effectsofthesesessionson102secondaryscienceteachers.Teacherswhotookpartinthesimulated
activitiessignificantlyincreasedtheirtargetedbehaviorscomparedtocolleagueswhohadnottaken
partinthesimulationactivities.Theseresultsofbehaviorchangesthatoccurredinthesimulation
werefoundtotransferbacktotherealclassroomsettingsfortheexperimentalgroup(simulation
use).Resultsfromthisstudyfurthervalidatestheimpactofsimulationinteachereducation,showing
professionallearninginvirtual-realitysimulatedclassroomscanpositivelyimpacttargetedteaching
practicesinaconcentratedamountoftime.
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INTRodUCTIoN

ThoughstudentscoresontheNationalAssessmentofEducationalProgress(NAEP)areimproving
ineighthgrade,only34%ofeighthgradestudentsarereachingorexceedingproficiencyinscience
(NationalCenterforEducationStatistics,2017).TheNextGenerationSciencestandardsaimtoincrease
contentknowledgeofstudentswiththeexpectationthatstudentswilltakeongreaterchallengesin
theiracademiccareers.Whileraisingexpectationsforstudents,thisshiftinstandardshasalteredthe
wayteachersareexpectedtoapproachinstruction,bymovingtoanincreasinglystudent-centered,
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inquiry-basedapproaches(Bartos&Lederman,2014;Reiser,Berland,&Kenyon,2012).Theseshifts
instudentexpectationsrequireacorrespondingshiftinteacherprofessionaldevelopment.Teacher
preparationprogramsneedtoprepareteachersfortheseshiftingstandardsandpractices.Moreover,
in-practiceteachersneedimmediateretoolingtopreparestudentstomeetthesestandardsdesigned
toresult inbettercollegeandcareeroptionsupongraduation. If teachersmustundergorigorous
professionaldevelopment(PD)tobereadytoteachthesestandards,theirtrainingmustbeefficient
andimmediatewithstrongtransferenceofknowledge(Windschitl,Thompson,Braaten,&Stroupe,
2012)togivestudentsaqualityunderstandingofthesenewstandardsinpractice.

Ininquiry-basedscience,studentsareencouragedtotakeahands-on,investigativeapproaches
to learning the functions of scientific concepts (Hobson, 2014). Yet, most science classroom
discussionsfollowapatternofinitiation,response,andevaluation(I-R-E)(Tytler&Aranda,2015).
TheI-R-Epatterniseasytorecognize:theinstructorasksaquestion,usuallyonetowhichheorshe
alreadyknowstheanswer;thestudentresponds,andsubsequentlyreceivesfeedbackorconstructive
criticism.Instructorsusethispatternforvariouspurposes–toremindstudentsofinformationor
sparkadiscussion(Neal,2008).TheNGSS(2013)pointtoadeparturefromthisstructuretoexplore
problemsandideasthat,intheI-R-Epattern,mightnotseethelightofday(NationalScienceTeachers
Association,2014).TheNRCFrameworkandNGSSfocusnotsomuchonmemorizationoffacts
inthescientificprocessbutonathoroughunderstandingofcorescientificideasandtheabilityto
discussthemwithothers(Reiser,Berland,&Kenyon,2012).ThetransitionfromthetypicalI-R-E
patterntoamorechallengingandfar-reachingexplorationofsciencerequiresaconsciousefforton
thepartofteachersdirectingstudentdiscourse,sothatstudentscanmakesenseofthematerialina
constructiveway(Bacolor,Cook-Endres,Lee,&Allen,2014).

ReTooLING TeACHeRS

Toengagestudentsatnewlevelsofthinkingrelatedtoscience,teachersneedtodemonstrateanarray
ofteachingpracticesintheirclassrooms,andteacherpreparationandPDshouldtargetthepractices
teachers find most challenging (Windschitl et al., 2012). In the Measures of Effective Teaching
study,KaneandStaiger(2012)reportthatteachersscorelowestforcomplexteachingskillssuch
asquestioning,discussiontechniques,andcommunicatingwithstudentsaboutcontent.University
ofMichigan’sTeaching Works(2014)analyzedcorecapabilitiesforteachersanddevelopedaset
of19high-leveragepractices (HLPs)ofwhichmasterywill likely lead to increasedadvances in
studentlearning.TheHLPsarebasedonresearchlinkingparticularpracticestostudentachievement
(LoewenbergBall&Forzani,2010).TheTeachingWorks’HLPsspanacrosscontent,teacherstyle,
andsetting,andincludeelicitingandinterpretingstudentthinking,andprovidingoralfeedbackon
students’work(LoewenbergBall,Sleep,Boerst,&Bass,2009),bothofwhichtakeplaceininquiry-
baseddiscussions.Danielson(2011)providedindicatorsforsimilarteachingcapabilities,including
higher-level questioning. Higher-level questions are defined as open-ended questions that allow
studentstousepastexperiences,priorknowledge,andpreviouslylearnedcontentinordertocreate
awell-thought-out answer (i.e.,question statements thatbeginwith“How”,“What”,or “Why”)
thatrelatestonewcontent.Forscienceteachersinparticular,questioningappearstobetheweakest
elementofinstruction,andresearchershaveproposedacoresetofinstructionalpracticesforscience
teachers,includingquestioningtoelicitstudentthinking(Windschitletal.,2012).

IMPRoVING INSTRUCTIoN USING SIMULATIoN

Thisshiftinteacherpractices,whichinturnshouldleadtoshiftsinstudentdiscourseandleanring,
isoccurringatthesametimeascomputersimulationsareemerginginteachereducation.Computer
simulationistakingcenterstageasanextgenerationenvironmentforteacherprofessionallearning,
allowingteacherstolearnpedagogicalskillswithincontentareas.Onesuchcomputersimulation
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environment,TeachLivE,isanimmersive,virtualrealityclassroomsimulatorthatcombinesrealand
virtualworlds(aformofmixedreality)togiveusersasenseofimmersionandpresence.Teachers
interactwithstudent-avatarsinrealtime,havingauthenticprofessionallearningexperienceswithinany
contentarea.ThesoftwarethatdrivesTeachLivEallowsdigitalpuppeteeringofthevirtualcharacters
bytrainedhumanactors,calledinteractors.Theinteractoremploysgesturestocontrolanimationof
thevirtualstudentsandallowforblendingofhumanandartificialintelligencetocreateanauthentic
immersiveexperience.Thesefeaturesensurethatprojectobjectivesaremetwithconsistencyand
teachersexperiencethecoreelementofasimulator,thesuspensionofdisbelief,havingasensethe
simulatedenvironmentisreal.Thishumaninteractionalsocanbestandardizedtoprovidearigorous
researchprotocolforauthenticbutrepeatableclassroomexperiences.Teacherbehaviorcanthenbe
codedwhiletheuserisinthesystemasannotations(tags)inassociationwithkeyortargetedevents.
Tags allow for immediate data collection to allow teachers to reflect upon their performance in
whatisdeemedafter-action-reviewintheworldofsimulation.Simulatorsalsocanbeused,where
appropriate,forin-actionfeedback,e.g.,lettingateacherknowthathisorhernon-verbalmessaging
maybecounter-productive(Dieker,Hughes,Hynes,&Straub.,2017).

Simulationcanprovidemanyeducationalexperiencesandopportunitiesnotavailableinreal-
worldsettings(Dieker,Straub,Hughes,Hynes,&Hardin,2014b;Dieker,Rodriguez,Lignugaris/
Kraft,Hynes,&Hughes,2014)whileallowingforsaferehearsalofskillsuntilmastery.Aresearch
baseisemerging,focusingontheuseofsimulatedenvironments(Mursion,TeachLivE,SimSchool)
withteachersandteachercandidates(seeAndreasen&Haciomeroglu,2009;Barmaki,2016;Bukaty,
2016;Dawson&Lignugaris-Kraft,2013;Elford,Carter,&Aronin,2013;Elford,James,&Haynes-
Smith,2013;Gallegos,2016;Straub,Dieker,Hynes,&Hughes,2014;VinceGarland,Vasquez,&
Pearl,2012;Whitten,Enicks,Wallace,&Morgan,2013).

Simulatedenvironmentsprovidesafeplacestopracticeteachingbehaviorsatanacceleratedpace
whilereceivingrapidcorrectivefeedback(Diekeretal.,2014a;McPherson,Tyler-Wood,McEnturff,
&Peak,2011).Simulationthatincorporatesanafter-action-reviewbasedonatheoreticalmodelof
performancemasterythroughfeedback(e.g.,Hattie&Timperley,2007)hasthepotentialtoreduce
discrepanciesbetweencurrentperformanceandagoal.Thisimmediateshapingofbehaviorscannot
happen ina realclassroom,as real studentswouldbemade towaitwhile their teacher received
corrective feedback.Avatar-students canbe “paused” andwait patientlywithout losingvaluable
instructionaltime.Mostimportantly,unlikeinrealclassrooms,teacherscanre-entertheenvironmentto
fixinstructionalerrors,suchasusingacontinuousI-R-Epattern,withstudent-avatarswithoutaffecting
realstudents,knownasvirtualrehearsal(Straubetal.,2014).Immersivevirtualenvironmentshave
thepotentialtorevolutionizeteacherprofessionallearning,butmoreresearchisneededtoestablish
theefficacyandeffectivenessoftheuseofsimulationforteachereducation.

ThepurposesofthisresearchstudyistoevaluatetheuseofTeachLivEtoaffectthebehaviors
ofteachersinsciencediscourseduringclassroominstruction.Inthisstudy,scienceteacherswere
givenanopportunitytopracticetheiruseofHLPsinTeachLivEandtoevaluatethegeneralization
ofthosepracticestothetraditionalclassroomsetting.

THeoReTICAL FRAMewoRK ANd oVeRARCHING HyPoTHeSeS

WorkincomputersimulationisgroundedinBrown,Collins,andDuguid’s(1989)theoryofsituated
cognition,asserting,“whatislearnedcannotbeseparatedfromhowitislearnedandused”(p.88).
Thistheorybuildsthealignmentthattheresearchteamsoughtbetweenthesimilaritiesanddifferences
inlearninginasimulatedversusarealclassroomenvironment.Thepowerofaneffectivesimulator
is theactivitythatoccursinthesimulatorshouldbesituatedinactivityboundtosocial,cultural
andphysicalcontextsthatalignwiththe“real”environment.Hence,theresearchteamwasmost
interestedinmeasuringthebaselineskillsofteachersinthesituatedcontextoftherealenvironment,
tothencreateaparallelenvironmentinthesimulatortopracticethoseskills,andthentomeasure
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theeffectiveofthesituatedcontextofthevirtualenvironmentbyconductingapost-observationof
thoseskillsagainintherealenvironment.

Theteambuilttheseassumptionsonthebeliefthatsimulationexperiencescreateacontextualized
activitythatprovideslearnerswiththeopportunitytopracticeHLPswithstudent-avatars(Straubet
al.,2014),withthetheoryofsituatedcognitionbeingthetransferenceofskillsinthesimulatortothe
realclassroomsetting.Thetheoryofactionarisesfromexaminingthecriticalfeaturesofprofessional
learningforteachersrelatedtoincreasedstudentoutcomes(e.g.,activelearningopportunitiesbasedon
specificteachingpractices,suchasHLPs).Basedonresultsfromanationalresearchstudyinvestigating
simulationinmiddleschoolmathematicsclassroomsandcoupledwithfindingsfromearlierstudies
related to usingvirtual environments for teacher preparation (Straub et al., 2014), the following
overarchinghypothesiswasformed.“Teacherswhoengageinvirtualenvironmentsimulationsinhigh
schoolscience,specificallybiology,willimprovetheirpracticeinthesimulator,andthishigherlevelof
performancewilltransferbacktotheirclassroom.Morespecifically,four10-minutesessionsofvirtual
rehearsal(i.e.,practicingthesamelessonandHLPsinTeachLivE)willsignificantlyincreaseteachers’
frequencyofuseofopen-endedquestionsandcontent-relatedaffirmationtostudentsinbothsimulated
andrealclassroominstruction,comparedtotheircolleagueswhodidnotengageinTeachLivE.”

ReSeARCH QUeSTIoNS

The following questions framed this research study. Research Question 1: To what extent does
performance differ over four 10-minute sessions of TeachLivE (i.e., questions) when targeted
performance feedback [after-action-review] is given? Research Question 2: To what extent do
teachers’ performance differ over four 10-minute sessions of TeachLivE when no performance
feedbackisgiven?ResearchQuestion3:Towhatextentdoesteacherpracticeofaskingquestionsto
initiatestudent-centereddialogueinaclassroomdifferafterfour10-minutesessionsofTeachLivE?
ResearchQuestion4:Towhatextentaretheeffectsofteacherperformancerelatedtofrequencyof
content-relatedaffirmationsinaclassroomafterfour10-minutesessionsofTeachLivE?

MeTHod

Participant Characteristics
Dataanalyzedinthisstudywerecollectedat11separateresearchlocationsnationallycomprisedof
universityandschooldistrictpartners.The102participantswerehighschoolscienceteachers.No
restrictionsweremadebasedoneducationlevelofateacher,numberofyearsteaching,levelofclass
taught,subjectareawithinsciencetaught,oranyotherdemographiccharacteristics.Demographic
dataforall102participatingteachersarepresentedinTable1.

Sampling Procedures
Participantswereidentifiedviaconvenience-sampling.Allteachersagreedtoteachalessonplan
basedon specified science content createdby theNational Institute ofHealth asmodel science
lessonsandwerestructuredtopromotediscourse.Ateachpartnershipsite,teacherswerenominated
bytheirsupervisorswiththeintentofreceivinglessonresourcesforprofessionaldevelopment.Of
the129teacherscontacted,102teacherscompletingallaspectsofthestudyandtheirdemographic
dataareincludedinTable1.Participationbytheseteacherswasentirelyvoluntarywithminimalto
nocompensationprovided.

Datawerecollectedintwosettingsatallsites,theteachers’classroomsandintheclassroom
simulator.Atotalof102teacherswereobservedinsecondaryclassroomslocatedin11sitesacross
thefollowingstates:Florida,Georgia,Idaho,Illinois,Louisiana,Maryland,NewYork,Texas,and
Washington, D.C. Observations occurred for all teachers within a two-week window by trained
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Table 1. Teacher demographic data
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observersfromacrossthecountrywhomadedirectobservationoftheteachers’classrooms.These
observerswererequiredtocompleteanextensiveonlineobservationtrainingdeliveredbythelead
researchsiteatalevelof95%fidelitypriortoanypreorpost-observationsoccurring.Schoolsettings
rangedoverurban,suburban,andruralwithpublicorprivateenrollment.Classroomsimulatorswere
locatednearteachers’classroomsatuniversityorschooldistrictpartnersites.Institutionalreview
boardsateachsiteandwithineachschooldistrictexaminedandapprovedallresearchactivities.

Sample Size, Power, and Attrition
All102teachersdeliveredthesamelessonplanforObservation1andanotherparallellessonbut
withnewcontentforObservation2.Theselessonswereselectedtoensureconsistencyinthecontent
observedandwereselectedasmodelandparallellessonsonusingdatatomakedecisions.Thetwo
lessonsusedweremodellessonscreatedbytheNationalInstituteofHealthandvalidatedbycontent
expertsinthefieldtoalignwiththeNGSSandbiologycontent.Allpreandpostobservationsoccurred
by the trainedobserversof the teachersusing these required lessonswithina two-weekwindow
andsixweeksoftimeelapsedbetweenobservation1and2.Thepoweranalysisreviewedtheeffect
sizestoprovideanestimateofthedesirableeffectsize,yieldingarangefromsmalltolargeofη2p=
.025to.149.Anaprioripoweranalysiswasconducted(Cohen,1988)usingamediumsizedeffect
(0.25).Poweranalysis for anF-testAnalysisofVariance (ANOVA)within-between interactions
resultedinarequiredtotalsamplesizeof48participantstohave80%powerfordetectingamedium
sizedeffect(0.25)whenemployinga0.10criterionofstatisticalsignificance.Sincethiswasnew
researchinthefieldwithalowrisktohumans,a0.10criterionwasselected.Thislevelofeffect
sizeiscommoninteacherprofessionaldevelopmentstudiesasnotedbyHattie(2009),astheability
tochangeabehaviorwith40minutesofinterventionisefficient,therefore,alargerTypeTwoerror
wasacceptableinconsideringtheoverallfindings.Theanticipatednumberofparticipantsexceeded
thesuggestednumberof48participantsforamediumsizedpowereffect.

ReSeARCH deSIGN

The research design was a randomized controlled trial, consisting of two groups of teachers
measuredpre-postintheclassroom,halfofwhomalsoweremeasuredfourtimesintheclassroom
simulator.Therandomassignmentproceduretookplaceatall11partnershipsites,resultingin
twoexperimentalgroups.

INTeRVeNTIoNS

Teacherswereassignedtooneoftwogroups,andbothgroupsreceivedthesamelessonplanresources.
ThelessonplansselectedwerealignedwithelicitingtheHLP’softheprojectandweredesignedto
enhancescienceliteracyandalignedwithdisciplinarycoreideasandcross-cuttingconceptsfrom
thenextgenerationsciencestandards,aswellastheCommonCoreStandardsforliteracyinscience.
Thelessonplanswerebasedonthe5Einstructionalmodelandwerevalidatedandfield-testedinhigh
schoolbiologyclassroomsaspartofalargermodulefromtheNIHCurriculumSupplementSeries
“UsingTechnologytoStudyCellularandMolecularBiology”(NationalInstitutesofHealth,2005).
Lesson1,entitled“WhatisTechnology?”wasthebasisforthefirstobservation,whileLesson2,
entitled“ModelingIssues,”wasthebasisforthesecondobservation.

Bothlessonshadthesamestructureandparallelcontent.Eachlessonbeganwithaconceptmap,
whichservedasamini-taskliteracyactivity(LiteracyDesignCollaborative,2015).Teachersshowed
amodelconceptmapandexplainedthecomponentstostudents,thentheygavetheirstudentsfive
minutestogenerateasmanyideasastheycouldrelatedtothepromptinthecenterofthemap.The
promptscorrespondeddirectlytothelessonwiththepurposeofelicitingstudentthinkingrelated
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tothecontentjustbeforeandafterthelesson.Duringthelesson,teachersfacilitatedawholeclass
discussionfocusedoninterpreting,inferringanddeducingfromdata,andintegratinginformation
toformconclusions.

All teachers received the lesson plans and accompanying video resources via email after
orientationandpriortothefirstobservation.Twoobservationswerescheduledatleastthreeweeks
apart(oneforeachlesson)andtreatmenttookplaceinbetweenobservations.Group1teachersserved
asacomparisongroupandreceivedlessonplanresourceswhileGroup2teachersreceivedthesame
lessonplanresourcesplusfour,10-minutesessionsofTeachLivE.

Group 1: Comparison
ComparisonteachersreceivedLessons1and2andtheaccompanyingvideoforLesson1viaemail.
TheyweregivennootherinterventionasacourseofthisstudybutdidreceiveanyPDprovided
by theirdistrict throughout thecourseof theschoolyear.They taughtLesson1atpre-treatment
observationandLesson2atpost-treatmentobservation.

Group 2: Simulation
Simulationteachersreceivedbothlessonsandresources(likethecomparisonsteachers),as
wellasfour10-minutevirtualrehearsalsessionsintheTeachLivEclassroomsimulator.Inthe
simulator,teachersattendedindividuallyandinterfacedwithacomputer-generated,animated
student population of five high school avatars digitally controlled by a professional who
enactedahighlyinteractive,authenticsimulationofahighschoolclassroom.Thesoftwareis
programmedtoreacttocertaincommandsoftheteacherandtheinteractor,withthepurpose
ofincreasingtheteacher’saptitudeintheclassroom.Classroomsimulatorsat10clientsites
across the country were connected via a secure server to the lead university site, which
servedasthecentraldistributionpointforTeachLivEandprovidedfidelityoftreatmentas
allsessionswerecontrolledinthesamemannerbythesameteam.Theteachersexperienced
computer-simulatedclassroomactivitieswiththestudent-avatarsastheywouldwithhuman
studentsinatraditionalclassroom(seeFigure1:Imageofclassroomsimulation).Visitsto

thesimulatoroccurredoverthecourseoffourweeksfollowingthefirstclassroomobservation
todetermineteachersinbothgroupsbaselineperformancealignedwiththeidentifiedHLP’s
beingmeasuredinthisstudy.

Figure 1. Image of classroom simulation
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Simulation teachers participated in one 10-minute session to orient them to the simulation
system.Datawerenotcollectedduringtheorientationsession,asuserswerenotteachingcontent
butinteractingwiththestudent-avatarstolearnabouttheirvirtualclass.Afterorientation,teachers
experiencedfour10-minutesessionstovirtuallyrehearse(i.e.,targetedpracticingofaskillinavirtual
environment),withdataontargetedbehaviorsgatheredduringeachsession.Teacherstypicallytook
partintwo10-minutesessionsandreturnedwithinamonthfortwoadditional10-minutesessions.
Teacherswereinstructedtoteachthefirst10-minutesofLesson1foreachsession,providingrepeated
rehearsalofthelessontheyhadalreadytaught.

After-Action-Review
Atthecloseofeachsession,teacherstookpartinanafter-action-reviewoftheirperformanceledby
afacilitatorusingadigitalchartdisplayedonalargevideomonitor.After-action-reviewconsisted
offourparts:(1)teacherswerepresentedwithfrequencyofobservedbehaviors(i.e.,closed-ended
questions (CE), open-ended questions (OE), and open-ended plus questions (OE+)), during the
sessionverballyandonalargedisplay;(2)teachersreadexamplesofquestiontypesCE,OE,and
OE+onalargedisplay;(3)teacherswereaskedtosetagoalfortheirperformanceinthenextsession
onOEquestions;and(4)justpriortocommencingthesession,teachersstatedtheirtargetgoalof
OEquestions.PerformancegoalswerenotsetforOE+questions,becausetheyarepartofthelarger
category of OE questions. Upon completion of the after-action-review, teachers returned to the
simulationforanotherrehearsalsession.

Measures and Covariates
Toensurethatall11siteshadhighreliabilityindatacollection,researchersemployedmethodsto
enhancethequalityofmeasurements.Alldatacollectorsweretrainedonlineusingacombinationof
asynchronousassessmentandsynchronousdatacollectiontrainingontheconstructs(e.g.,Danielson
sub-constructsandHLPs)andmethods(e.g.,frequencycountsduringrotatingintervalsasdescribed
above)fordatacollection.Datacollectorsusedtheasynchronousonlinemodulestodemonstrate
proficiencywiththecontentofobservations.Eachpracticewasdefined,andacaseexamplewas
provided.Observershadtopassamultiple-choicecontentassessmentwith90%accuracyforthe
asynchronousportionofthetraining.Thesynchronousonlinetrainingconsistedofaseriesofrigorous
activitiesdeliveredviaavideoconferencingplatformthatexposedobserverstooperationaldefinitions
andrequiredthecollectionoffrequencycountsinrealtimewhilewatchingavideoonlineasagroupto
simulateclassroomobservations.Eachobserverwascheckedforreliabilityduringtheonlinetraining
andrequiredtocompleteasynchronousonlineactivitywith95%accuracy.

data Collection
Quantitativeandqualitativeobservationsoccurredusingavalidatedpracticetoolfromaprevious
study,theTeacherPracticeObservationTool(TPOT;Straubetal.,2014),tocollectdataonteachers
intheirclassroomspre-andpost-treatment.TheTPOTtoolwasusedtomeasuretheteacher’starget
behaviorsinthisstudyaswellastogathergeneraldataforfutureresearchonclassroomperformance.
Thisinstrumentwasvalidatedbytheresearchteaminearlierstudiesforbothfaceandcontentvalidity
(Straubetal.,2014).

High-Leverage Practices
UsingresearchfromtheMeasuresofEffectiveTeachingproject,descriptionsofHLPs,andother
empirically-basedresearchinthefield,operationaldefinitionsforobservationwerecreated.Data
were collectedon teachers’ frequency and typeof eliciting and interpreting individual students’
thinking(HLP#3)bothintheclassroomsimulatorandpre-postintheirrespectiveclassrooms.Data
wereclassifiedas:
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• Closed-ended questions (CE):Contentquestions thathaverestrictedparameters,expecting
onepossibleresponseasitsonlyacceptableanswer;constrainsastudent’sresponse,suchastest
questions,yes–noquestionsandforceschoicequestions;

• Open-ended questions (OE):Contentquestionstowhichanumberofdifferentanswerswould
beacceptable;contentquestionsthathavenoparametersanddonotconstrainstudent’sresponse.

• Open-ended plus questions (OE+):Contentquestionsthataskastudenttoextend,produce,or
combineideastogeneratenewideas(relatedtoBloom’shighestcognitivedomain–creating).
OE+questionswereincludedwithintheopen-endedquestionscategory.

Forthepurposesofthisstudy,thefocuswasonaffirmationrelatedtocontent(CRA)onlyandit
wasdefinedas:“teacher’spositiveverbalaffirmationaboutwhatastudentorgroupofstudentsdidor
saidrelatedtocontentinasingleepisodewithinclass”(multiplestatementsaboutthesameepisode
countedasoneoccurrenceofaffirmation).Thisdefinitionwasusedtoavoidcountingstatements
suchas“goodjob”or“nice”asthesewereaffirmationsbutmayormaynothavebeenalignedtothe
content.Hence,onlystatementssuchas“goodjobtalkingaboutapencilbeingatypeoftechnology”
wouldbescoredasaCRA.

Sub-Constructs from 2011 Danielson Framework for Teaching
Eightsub-constructsthatcorrelatedwithstudentachievementfromthe2011DanielsonFramework
forTeachingEvaluationInstrument(MeasuresofEffectiveTeachingProject,2010)wereidentified.
KeywordsfromDanielson’sindicatorswerechosentocreateanabbreviatedversionforclassroom
observations and combined with the collection of frequency data in relation to describe/explain
questions,specificfeedback,andwaittime.Danielson’slevelsofperformance(i.e.,unsatisfactory,
basic,proficient,distinguished)werethebasisforafour-pointscaleforeachsub-construct:establishing
acultureforlearning,engagingstudentsinlearning,managingstudentbehavior,managingclassroom
procedures,communicatingwithstudents,usingquestioninganddiscussiontechniques,creatingan
environmentofrespectandrapport,andusingassessmentininstruction.Further,qualitativedata
werecollectedduringtheclassroomobservationoneachsub-constructlistedaboveusingafieldnotes
method.ForadescriptionofTPOTdevelopment,seeStraubandcolleagues(2014).

ReflectLivE: After-Action-Review System
DuringeachTeachLivEsession,theteacher’svirtualrehearsalwastransmittedviasecureSkypevideo
andaudioconnection.Thetransmissionswererecordedandcodedforpedagogicalstrategyanalysis
usingReflectLivEsoftware.ReflectLivEisavideotaggingsoftwareintegratedwiththeTeachLivE
classroomsimulatorthatrecordssessions,compressesthevideotoasmallerformat,storingalldata
(videoandtags)ontheobserver’sworkstation.Thesedatacanthenbesentoverasecurenetworkto
bestoredattheoriginatingresearchsitecomputercontainingtheTeachLivEsoftware.Duringeach
session,videosweretaggedforfrequencyofquestionsandcontent-relatedaffirmation.

ReSULTS

Treatment Fidelity in the Simulator
Fidelitycheckswereinplacethroughoutthestudy.Allteachersreceivedthelessonplanindigital
format,asevidencedbyachecklistofteachercontactinformationateachsite.Theprofessionalwho
controlledthefivecomputer-generatedhighschoolavatarswastrainedtofollowfivedistinctpatterns
ofbehavioraligned tocommonstudentperceptionsrelated toLesson1content,and tomaintain
consistent,authenticresponsesthroughsessionsthatwouldresetwitheachinteraction.Duringthe
TeachLivEsessions,thefacilitatorfollowedadetailedproceduralchecklisttoturnonandoperate
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thesoftwareforthesimulation,ensuringfidelityofimplementation.Fidelityinallinstanceswas
reportedtobeatorabove90percent.

Teacher Results
Teachingpracticesweredefinedonfivedistinctdimensionspre-andpost-intervention:(a)close-ended
questions(CE),(b)open-endedquestions(OE),(c)open-endedplusquestions(OE+),(d)content-
relatedaffirmation (CRA), and (e) summary scoreon theTPOT (TPOTSum).Maxwell’s (2001)
recommendationofmoderatecorrelation(0.3–0.7)wasusedasathresholdforallvariablestodetermine
ifitwasappropriatetoconductamultivariateanalysisofvariance.Content-relatedaffirmationwas
excludedfromtheanalysis,becausetheresearcherspredictednosignificantfindings.Inthecaseofthe
variablesunderinvestigation,themajoritydidnotmeetcorrelationthresholds,soanalysisofvariance
(ANOVA)testsweremoreappropriate.SeeTable2forcorrelationsofdependentvariables.

CLASSRooM SIMULAToR ReSULTS

Research Question 1: differences in Performance over 
Time with Simulation and Performance Feedback
Toexamineperformanceofteachersoverfour10-minutesessions,awithin-subjectsANOVAwas
performed.Timewascastasawithin-subjectsfactorwithdependentvariablesofCEforquestion
1.1,OEforquestion1.2,andOE+forquestion1.3.Oneobservercollecteddataduringallofthe
TeachLivEsessions.Duetothenovelnatureoftheintervention(e.g.,dearthofgroupdesignresearch
identifiedonsimulationinteachereducation),analphalevelof.10wasestablishedtojudgestatistical
significance.Partialetasquaredwasusedtointerpreteffectsizeratherthanetasquaredbecausea
multifactordesignwasused(Pierce,Block,&Aguinis,2004)tobeabletocompareeffectsacross
differentfactorialdesignsusedinthestudy(Levine&Hullet,2002).

Question 1.1: CE Questions in Simulator
Aftereachsession,teacherswerepresentedwithdataverballyandonalargedisplayonCEquestions,
butnoperformancegoalsweresetforsubsequentsessions.Analysiswasconductedwithawithin-
subjectsdesignANOVA.Mauchly’stestofsphericityindicatedthattheassumptionofsphericityhad
notbeenviolated,X2(5)=6.772,p=.238.Resultsindicatedasignificanttimeeffect(F(3,87)=3.710,
p=.015,η2p=.113).Pallant(2007)recommendsinterpretingpartialetasquaredusingCohen’s(1988)
guidelinesforetasquaredeffectsize:small(.01),medium(.06),orlarge(.14).Meanscoresdecreased

Table 2. Correlations of dependent variables

CE Pre CE Post OE Pre OE Post OE+ 
Pre

OE+ 
Post

TPOT Sum 
Pre

TPOT Sum 
Post

CEPre r 1 .244* .117 .183 -.214* .051 .111 .281

CEPost r .244* 1 .213* .380** .125 .183 .153 .183

OEPre r .117 .213* 1 .238* .275** .157 .351** .207

OEPost r .183 .380** .238* 1 -.061 .094 .207* .263

OE+Pre r -.214* .125 .275** -.061 1 .141 .127 .031

OE+Post r .051 .183 .157 .094 .141 1 .198* .200

TPOTPre r .111 .153 .351** .207* .127 .198* 1 .649**

TPOT
Post r .281 .183 .207 .263 .031 .200 .649** 1
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significantlyateachsession,whichwasexpectedbecause,althoughfeedbackonperformancewas
givenforCEquestions,teacherswerefocusingonincreasingareplacementbehaviorofCEtothat
ofOEquestioning.SeeTable3formeanCEquestionsacross10-minuteTeachLivEsessions.

Question 1.2: OE Questions in Simulator
TeacherswereprimarilyattemptingtoincreasetheirfrequencyofOEquestionsandthesameprocess
wasusedforquestion1.1.Analysiswasconductedwithawithin-subjectsdesignANOVA.Mauchly’s
testofsphericityindicatedthattheassumptionofsphericitywasviolated,X2(5)=93.798,p=.000.
Epsilon(ε)was0.387,ascalculatedaccordingtoGreenhouseandGeisser(1959),andwasusedto
correcttheANOVA.Resultsindicatednosignificanttimeeffect(F(1.162,33.694)=.320,p=.609,
η2p=.011).MeanscoresaredisplayedinTable4.

Question 1.3: OE+ Questions in Simulator
AsaspecificsubsetofOEquestions,OE+questionsalsoweremeasured.Aftereachsession,teachers
werepresentedwithOE+dataverballyandonalargedisplay,andadefinitionforOE+questionswas
readaloud;however,performancegoalswerenotsetforsubsequentsessionsbecauseOE+questions
arepartofalargercategoryofOEquestions.Analysiswasconductedwithawithin-subjectsdesign
ANOVA.Mauchly’stestofsphericityindicatedthattheassumptionofsphericitywasviolated,X2(5)
=86.024,p=.000.Epsilon(ε)was0.795,ascalculatedaccordingtoGreenhouseandGeisser(1959),
andwasusedtocorrecttheANOVA.Resultsindicatedasignificanttimeeffect(F(2.385,69.178)=
4.789,p=.008,η2p=.142).MeanscoresaredisplayedinTable5.

Table 3. Mean CE questions across 10-minute TeachLivE sessions

TeachLivE Sessions

Session 1 Session 2 Session 3 Session 4

n M(SD) M(SD) M(SD) M(SD)

Total 30 10.23(6.1) 9.6(6.2) 8.7(3.9) 6.7(5.4)

Table 4. Mean OE questions across 10-minute TeachLivE session

TeachLivE Sessions

Session 1 Session 2 Session 3 Session 4

n M(SD) M(SD) M(SD) M(SD)

Total 30 16.65(17.7) 15.37(6.4) 17.5(7.4) 17.5(7.7)

Table 5. Mean OE+ questions across 10-minute TeachLivE sessions

TeachLivE Sessions

Session 1 Session 2 Session 3 Session 4

n M(SD) M(SD) M(SD) M(SD)

Total 30 .73(1.7) .77(1.0) 1.27(2.1) 2.1(2.1)
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Research Question 2: differences in Performance over Time 
with Simulation and No Feedback on Performance
All of the above research questions were designed to investigate how providing performance
feedbackinafter-action-reviewofsimulationwouldimpactteacherpracticeinaclassroomsimulator.
Researchersforquestion2evaluatedtheeffectsofwithholdingfeedbackonaspecificteacherpractice
(i.e.,frequencyofcontent-relatedaffirmation)inaclassroomsimulator.Toexamineperformanceof
teachersoverfour10-minutesessions,awithin-subjectsANOVAwasperformed.Time(foursessions)
wascastasawithin-subjectsfactorwithadependentvariableofCRA.Aftereachsession,teachers
werenotpresentedwithanydatarelatedtoCRA.OneobservercollecteddataonfrequencyofOE
questionsaskedbyteachersperTeachLivEsession.Analysiswasconductedwithawithin-subjects
designANOVA.Mauchly’stestofsphericityindicatedthattheassumptionofsphericitywasviolated,
X2(5)=16.138,p=.006.Epsilon(ε)was0.718,ascalculatedaccordingtoGreenhouseandGeisser
(1959),andwasusedtocorrecttheANOVA.Resultsindicatednosignificanttimeeffect(F(2.153,
62.43)=.455,p=.651,η2p=.015),whichwasexpected,becausenofeedbackhadbeenprovided.
MeanscoresaredisplayedinTable6.

Classroom Results
Toexamine impactof simulationof teachers ina realclassroomwith studentspresent, thenext
researchquestionsweredesignedtoevaluateteacherperformanceonvariablesthathadbeenpartof
theafter-action-reviewinthesimulator.Researchquestion3.1evaluatesteacherperformanceona
generalmeasureofteacherpractice(TPOT),whilemorespecificpracticeswereevaluatedinquestions
3.2(CE),3.3(OE),and3.4(OE+).

Research Question 3: Classroom Results of Simulation with Feedback Performance
Question 3.1: TPOT Sum
AnobservercollecteddataontheTPOTSumandtwoobserversobserved30%ofclassestoestablish
inter-raterreliability.WhileperformancefeedbackwasnotgivenusingtheTPOTSumscoreasthe
measurementinstrument,thescoreisconsideredtobeageneralmeasureofteacherperformance.
Reliabilityofscoresbetweenobserversduringbothobservationswascalculated(pre-intervention,
r=.932;post-intervention,r=.882).ResultsfromanANOVAindicatednostatisticallysignificant
changesinTPOTSumscoresbetweenObservation1and2basedontreatmentgroup(F(1,94)=
.097,p=.757,η2p=.001).Formaineffects,nostatisticallysignificantdifferencewasfoundbetween
thefirstandsecondobservationcollapsedacrosstreatmentgroups(F(1,94)=1.460,p=.230,η2p
=.015),norbetweengroupscollapsedacrossobservations(F(1,94)=.555,p=.458,η2p=.006).
MeanTPOTscoresaredisplayedinTable7andTPOTscoresovertimearedisplayedinTable8.

Question 3.2: CE Questions
AnobservercollecteddataonCEquestionsaskedbytheteacher,andtwoobserversobserved30%
of classes to establish inter-rater reliability. Reliability of scores between observers during both

Table 6. Mean CRA across 10-minute TeachLivE Sessions

TeachLivE Sessions

Session 1 Session 2 Session 3 Session 4

n M(SD) M(SD) M(SD) M(SD)

Total 30 5.13(4.0) 5.33(3.2) 5.73(5.7) 4.57(3.6)
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observationswascalculated(pre-intervention,r=.929;post-intervention,r=.798).Resultsfroma
mixedANOVAindicatedtherewerenostatisticallysignificantchangesinfrequencyofCEquestions
betweenObservation1and2basedontreatmentgroup(F(1,100)=.796,p=.374,η2p=.008).See
Table8formeanfrequencyofCEquestionsovertimebygroup.

Question 3.3: OE Questions
AnobservercollecteddataonthenumberofOEquestionsaskedbytheteacher,andtwoobservers
30% of classes to establish inter-rater reliability. Reliability of scores between observers during
bothobservationswascalculated(pre-intervention,r=.864;post-intervention,r=.954).Results
fromamixedANOVA indicated therewerenot statistically significant changes in frequencyof
questionsbetweenObservation1and2basedontreatmentgroup(F(1,100)=1.299,p=.257,η2p
=.013).Todeterminethedifferencebetweengroupsateachleveloftimeandviceversa,separate
ANOVAswererun.TherewasnosignificantdifferencebetweentreatmentgroupsatObservation1
(F(1,102)=1.079,p=.301,η2p=.010)orObservation2(F(1,100)=.194,p=.661,η2p=.002).
Whencomparingmaineffectsovertimebygroup,fortheComparisongroup,OEquestionswere
notstatisticallysignificantlydifferentbetweenobservations(F(1,49)=.282,p=.598,η2p=.006).
However,fortheTeachLivEgroup,OEquestionswerestatisticallysignificantlydifferentbetween
observations(F(1,51)=4.403,p=.041,η2p=.079),withteachersincreasingOEquestionsfrom
Observation1(M=9.81,SD=5.83)toObservation2(M=12.35,SD=7.62).SeeTable9formean
frequencyofOEquestionsovertimebygroup.

Question 3.4: OE+ Questions
AnobservercollecteddataonOE+questionsaskedby the teacher,and twoobserversobserved
30%ofclassestoestablishinter-raterreliability.Reliabilityofscoresbetweenobserversduringboth
observationswascalculated(pre-intervention,r=.586;post-intervention,r=.792).Resultsfroma
mixedANOVAindicatedtherewerestatisticallysignificantchangesinfrequencyofOEquestions

Table 7. Mean TPOT scores over time

Observations

n 1 2

M (SD) M (SD)

Comparison 46 20.43(6.2) 19.89(6.3)

TeachLivE 50 21.46(6.1) 20.54(6.3)

Total 96 20.97(6.2) 20.23(6.3)

Table 8. Mean CE questions over time by group

Observations

n 1 2

M (SD) M (SD)

Comparison 50 8.56(6.0) 7.54(4.3)

TeachLivE 52 7.87(4.6) 7.98(5.7)

Total 102 8.21(5.3) 7.76(5.1)
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betweenObservation1and2basedontreatmentgroup(F(1,100)=2.223,p=.030,η2p=.046).
Todeterminethedifferencebetweengroupsateachleveloftimeandviceversa,separateANOVAs
wererun.TherewasnosignificantdifferencebetweentreatmentgroupsatObservation1(F(1,102)
=2.402,p=.124,η2p=.023)orObservation2(F(1,100)=1.699,p=.195,η2p=.017).Forthe
Comparisongroup,OE+wasstatisticallysignificantlydifferentbetweenobservations(F(1,49)=
5.512,p=.023,η2p=.101),withteacherssignificantlydecreasingtheirOE+fromObservation1
(M=.96,SD=1.93)toObservation2(M=.36,SD=.69).FortheTeachLivEgroup,OE+was
notstatisticallysignificantlydifferentbetweenobservations(F(1,51)=.323,p=.572,η2p=.006),
althoughteachersincreasedfromObservation1(M=.50,SD=.90)toObservation2(M=.62,SD
=1.21).SeeTable10formeanOE+questionsovertimebygroup.

Research Question 4: Classroom Results of Simulation without Feedback
AnobservercollecteddataonCRAaskedbytheteacher,andtwoobserversobserved30%ofclasses
toestablishinter-raterreliability.Reliabilityofscoresbetweenobserversduringbothobservationswas
calculated(pre-intervention,r=.931;post-intervention,r=.885).ResultsfromamixedANOVA
indicatedtherewerenostatisticallysignificantchangesinfrequencyofCRAbetweenObservation
1and2basedontreatmentgroup(F(1,100)=.127,p=.722,η2p=.001).SeeTable11formean
CRAovertimebygroup.

dISCUSSIoN

Allteachers,experimentalandcontrol,wereobservedintheirclassroomsteachingsciencecontent
andthoseteacherswhoreceivedTeachLivEalsowereobservedintheclassroomsimulator.Results
indicatedthatfour10-minutesessionsintheTeachLivEsimulatorsignificantlyimprovedtheuse
oftargetedteachingbehaviorsinthesimulationscenarios,andthoseimprovementstransferredinto
theteachers’originalclassroomsettings.Teacherswerefoundtosignificantlyincreasetheuseof

Table 9. Mean OE questions over time by group

n

Observations

1 2

M (SD) M (SD)

Comparison 50 11.12(7.3) 11.74(6.2)

TeachLivE 52 9.81(5.8) 12.35(7.6)

Total 102 10.45(6.6) 12.05(6.9)

Table 10. Mean OE+ questions over time by group

n

Observations

1 2

M (SD) M (SD)

Comparison 50 .96(1.9) .36(.7)

TeachLivE 52 .50(.9) .62(1.2)

Total 102 .73(1.5) .49(1.0)
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targetedteachingpracticesinthesimulator(OEquestions)andimprovementstransferredintothe
teachers’originalclassroomsettingsforOEquestions.Whiletherewasasignificantincreasefor
OE+questionsinthesimulator,thoseeffectsdidnotcarryovertotherealclassroom.Thisfinding
was unanticipated. In the classroom, although teachers who received simulation increased their
frequencyofOE+questions,theydidnotdososignificantlyintheiractualpracticewithrealstudents.
Itisinterestingtonotethattheircolleagueswhodidnotreceivesimulationsignificantlydecreased
theirfrequencyofOE+questionsfromobservation1to2.Bothgroupswereobservedteachingthe
samelesson,soitispossiblethatthedifferencesinperformancecanbeattributedtopracticeinthe
simulator.HattieandTimperley(2007)indicatedthattheimpactoffeedbackwaslargestwhengiven
relativetoperformanceonaspecifictaskwithlowcomplexity.Itispossiblethatthefeedbackmodel
resultedinlessimpactonOE+questionsbecauseofthelevelofcomplexity.Itisalsopossiblethat
teacherswhoreceivedsimulationfocusedontoomanyperformanceobjectivesandthisresultedin
achallengetolearning,reflectedintheclassroomwhentheyonlysignificantlychangedpractice
relatedtoonevariable(OEquestions).Consequently,thefeedbackmodelshouldbeinvestigatedto
determinethebestapproachforimpactingperformance.

Nosignificantdifferenceinperformancewasobservedinclassroomswhenparticipantsdidnot
setperformanceobjectivesonavariable(CEquestions).Lookingbacktoteacherperformanceinthe
simulator,CEquestionsdecreasedsignificantly,whichwasexpected,becauseteacherswerefocusing
onincreasinganopposingbehaviorofOEquestions.Finally,consistentwithPhaseI,whenteachers
werenotprovidedwithfeedbackonavariable(CRA),nosignificantdifferencesinperformancewere
observed.Thisfindingalsoisnotsurprising,asmanyresearchersindicatesettingobjectivesand
providingfeedbackareessentialcomponentstoimprovingteacherperformance(Hattie&Timperley,
2007).Ourworkunderscorestheimportanceofprovidingastructuredafter-action-reviewthattakes
intoaccountbestpracticesforprovidingfeedbackonperformance.Whenteachersdidnotreceive
dataontheirperformances,theydidnotchangetheirpractice.

Asawhole,resultsaddtoemergingresearchinthefieldsuggestingprofessionallearningin
virtualandmixed-realitysimulatedclassroomscanbeeffective.Wefoundsimulationdidincrease
teachers’frequencyofOEquestionsandthatthisincreasealsowasobservedintheirclassrooms.
Teacherswhotookpartinaseriesofsessions(virtualrehearsal)significantlyincreasedtheirinstances
ofOEquestionsinthesimulator,similartostudiesconductedearlier(e.g.,Dawson&Lignugaris/
Kraft,2013;Elfordetal.,2013;Vince-Garlandetal.;2012),andtheirperformanceinOEquestions
increasedsignificantly incomparison tocolleagueswhodidnotreceivesimulation.Alimitation
to these findings is thevirtual rehearsalof teachinga lesson,but this treatmenteffect ispartof
usingsimulationandcouldnotbeeliminated.Also,inpastresearchhavingacontrolgroupthatjust
reviewedlessonsbutdidnotspendtimeinthesimulatorwasfoundtonegativelyimpactperformance
(Straubetal.,2014);hencethisexplainsourreasoningforusingonlytwogroups,anexperimental
andacontrolgroup.Overall,findingsprovidedsupportthehypothesisthatteacherswhoengagein
professionaldevelopmentinsimulationcanimprovetheirpedagogicalpracticesandthesechanges
didtransferbackintotheirpractice.

Table 11. Mean CRA over time by group

n

Observations

1 2

M (SD) M (SD)

Comparison 50 5.12(5.4) 4.78(3.9)

TeachLivE 52 5.42(5.2) 4.65(5.4)

Total 102 5.27(5.3) 4.71(4.7)
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Limitations
Ofthe11researchsites,inonlyonewasthesimulatorsessionsdeliveredintheschoolsetting.At
thissite,aresearcherbroughtthesimulationequipmenttotheteachers’schoolusingamobileunit.
Thistookasignificantamountofcoordinationbetweentechnologystaffontheresearchteamand
withthedistrict,asthesoftwarerequiresspecificnetworksettings.Attheother10sites,teachers
traveledtosimulationsiteslocatedatinstitutesofhighereducation.Teachersreceivingsimulation
wererequiredtovisitthesimulatorthreetimes,whichrequiredsignificantschedulingeffortsinthe
casesoflast-minutecancellationsordelaysresultingfromtechnologyissues.Cancellationsdueto
travelwerenotanissueforthemobilelab;however,newbarrierstoschedulingarose,asteachers
weremorelikelytorunlatetosessionsastheytriedtojuggleon-sitejobduties.Futureresearch
shouldexploretheideaofschooldistrict-levelcoordinationforprofessionallearning,soteachersdo
nothavecompetingdemandsfortheirattention.

AsecondlimitationisthetypeofPDoccurringineachschoolsitewasnotknownormade
availabletotheresearchteam.Duetothenationalscopeofthisstudyadditionalskilldevelopment
couldbealignedtoonsitePD.However,randomassignmentofteachersdidoccurtotryandcontrol
foranyonsitePDeffects.

Future Research and Implications
Thenextstepsinsimulationresearcharetoevaluatetheimpactofvaryingsessionlengths,frequency
of sessions, and total number of sessions to determine the optimal level of treatment needed to
producebothimmediateandsustainedchangesinteachers’behaviors.Thequestionofdosageis
criticaltounlockingthebenefitsofsimulationforbusyteachersandschooldistrictswithlimited
financialresources;simulationhasthepotentialtodeliverprofessionallearninginanaccelerated
formatandinacompressedamountoftime.Identifyingthecomponentsofeffectivesimulationcould
savevaluabletimeandmoney.Inlightoffindings,theteamcurrentlyhasthreeareasofunanswered
questionsrelatedtotime.First,iffour10-minutesessionsimpactpractice,howlongdoesthischange
inpracticecontinue?Second,doteachersneedtore-visitthesimulatortorehearseonceamonth,a
semester,orayeartoregainthepreviouslevelofperformance?Third,whatistheoptimumlength
ofasession?Willshortersessionsstillresultinasignificantincreaseinperformance?

Ourfindingshaveimportantimplicationsforresearchersandeducatorsdesigningsimulation
activities,assimulationwithnofeedbackandnoopportunityforinformedreflectionislikelyawaste
ofresources.Theresearchersfoundthatteachersdidnotchangetheirperformancewhenafter-action-
reviewwasabsent.However,futureresearchshouldexplore theaspectsofafter-action-reviewto
determinethemosteffectivemodelofapplyingafter-action-review.

Just as models of feedback need further investigation, so do methods of grouping teacher
participantsinthesimulator.Forthisprojectteachersattendedsessionsindividually,resultinginthe
costliestuseofthesimulator.Woulditbemoreeffectiveforteacherstoattendsimulationactivities
insmallgroups(lessonstudiesorevenProfessionalLearningCommunities)withthetwofoldbenefit
ofcapitalizingonthesocialnatureoflearningandcost-savings?Whilequestionssurroundinggroup
versusindividualmodelsoftrainingwerenotexploredinthisproject,thereismuchinterestinthe
impactofthesecompetingformatssinceunderstandingtheirrelativebenefitscanfurtherinformthe
fieldasmoresimulationtechnologyisusedforteacherlearning.

Our future work will explore the use of simulation with adult avatars for other educational
professionalssuchasadministrators,guidancecounselors,psychologists,andcounseloreducators.Use
ofsimulationforparent-teacherconferencescanprovideinvaluableexperiencesforprofessionalswho
likelydidnotengageoftenwithparentsduringtheirteachingexperiencesoratanytimeduringtheir
preparationprograms.Simulationcanprovideasafepracticeground,soindividualscanlearnfrom
mistakeswithoutharmingrelationshipswithparents.IntheareaofCounselorEducation,counseling
techniquescanbeprovidedwithavatarstopracticechallenginginteractions.Becauseteachersreport
thatthemixed-realitysimulationfeelsauthentictoteaching,thesamefeelingsofauthenticpresence
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willlikelybefoundwithotheravatarinteractions.Beyondeducationalprofessionals’useofsimulation,
wearehighlyinterestedinhowsimulationmightimpactstudentlearning,especiallyincriticalarea
inthecross-cuttingconceptsoutlinedintheNextGenerationScienceStandards(2013).Wealsoare
justbeginningtoinvestigatesocialskillinteractionsforstudentsinworkingincooperativegroupsand
lookingathowthesimulatormightbeusedtohelpteachersandstudentswithautismandintellectual
disabilitiesininclusivesettings.Asweexplorethenextgenerationoftoolsforteachers’professional
andpersonalizedlearning,wekeepinmindthattheultimategoaloftheresearchteamisthatthe
simulatordoesnotreplace“real”teaching,butinsteadallowsforsaferehearsalthatistargetedand
personalized.Thevisionissimulatorscanprepareandpotentiallyretooltheskillsofteachersandother
educationprofessionalsatalllevelsfrompre-servicetoin-servicewhereinteractionsarecomplex
andnuancedliketheactofteachingscience.
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