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SUMMARY

Employingdifferenttypesof testingis a usefultool for studyingchangesn item
memory,but this tool hassparselybeenleveragedo studychangesn memoryfor
contextialinformation Memoryfor contextuainformationis a crucialcomponenbf the
study of episodicmemoryandsourcememory.Thereis evidencehatcontextual
informationis reinstatedduring aretrievalattemptalongsidetheinformationbeing
retrieved.Consideringhatitem memoryis bestwhentestingis challengingjt was
predictedthat morerigoroustestingwill improvememoryfor contextthe mostandthata
difficult testwill supporto n eabilgy to remembemorespecificcontextualdetailsbetter
thanalessdemandingest.In orderto testthesepredictiors, the currentstudymeasured
memoryfor contextafterdifferentlevelsof difficulty of item memoy retrievalattempts
weremade.Theresultsdemonstrated lack of a significantrelationshipbetweertesting
difficulty andability to remembeicontextuainformationaswell asa negative
relationshipbetweertestingdifficulty andcontextmemoryperformance.Thereforethe
mainhypothesesvererejected Despitethis, theresultsconfirmedthatparticipantsvere
ableto selfassessearningandperformanceThefailure of this studyto yield significant
resultsmaybedueto theflawedtaskdesign high individual variability in contextual
learningability, overshadowingand/orshallowelaboratiorduring encoding Future
directionsinvolve implementinga studythatstill addressetherelationshipbetween
testingdifficulty andmemaoryfor contex while controllingfor individual differencesand

potentialdesignflaws in the original study:.
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INTRODUCTION

Elaborativerehearsais awell-establishedool for facilitating memoryfor to-be-
rememberedformation(Craik & Lockhart,1972;Morris etal., 1977).Oneof themost
powerfultoolsfor encouragingleepelaborativeehearsais testing(Roediger&
Karpicke,2006).Testingthatrequiresgeneratiorof informationis oftenthe superior
form of testingfor supportingong-termmemorybecauseelf-generatiorencourages
moreeffortful thoughtthanrecognition(Slamecka& Graf,1978).More challenging
formsof testingyield differentlevelsof memoryfor items(Kornell & Vaughn,2016;
Karpicke& Bauernschmidt2011)dueto thevaryingdegree®f elaborationthatthey
require.Memoryfor contextuainformationis a crucialcomponentf episodicmemory
(Chalfonte& Johnson1996)ascontextuainformationis key to determiningthe source
of anygiveninformationandcanhelpsupportotherdetailssurroundinghatevent
(Johnsor& Raye,1981;Smith& Vela, 2001).Testingcausesontextuakeinstatement
andtheamountof contextreinstatednay be modulatedby thetype of testingbeing
issued(Karpikeetal.,2014;Smith& Vela, 2001).

With pastresearchn mind, is likely thatdifferentlevelsof testingdifficulty will
yield differentlevelsof memoryfor context.lt is hypothesizedhatdifficult testingwill
improvememoryfor contextuainformationthe mostandthatthediffi cult testwill better
supportthe ability to remembemorespecificcontextualdetailsoverthelessdemanding
test.In the currentstudy,two levelsof contextuakichnessvereexaminedn anattempt
to parseoutwhetherdifferentlevelsof testingdiffic ulty encouragenorecontextually

rich memory.In orderto testthis prediction,the currentstudydirectly testedmemoryfor



contextafterdifferenttypesof item memoryretrievalattemptsveremade.The methodof
examiningthesehypothesegheresultingdata,andpotentialreasongor theresultsare

discussed.



LITERATURE REVIEW

Testing and its Elaborative Power

Rehearsingnformationis awell-establisheanethodfor learning.Therearetwo
waysin which rehearsabf informationcanoccur:elaborativerehearsahtndmaintenance
rehearsa(Craik & Lockhart,1972).Maintenanceehearsais a shallowform of
processinghatwill typically only yield shorttermmemoryfor therehearsedhformation.
Elaborativerehearsaéncouragedeepencodingof informationby devotingmoremental
processingdo thatpieceof information.Early memoryresearctereditsthe effectiveness
of rememberingnformationto the amountof mentalelaborationthatoccursfor that
information(Craik & Lockhart,1972;Morris etal., 1977).Accordingto W. ScottTerry
(2018)fi e | a b oefewssto exmandinga newly formedmemoryt r a(p.ZLS).
Elaborationofteninvolvesaddingrelated(or evenunrelated seethe methodof loci; e.g.
Roediger.1980 featurego thementalrepresentationf aneventin orderto better
remembert. Thesefeaturegrovidecontextto supportthe memorystructureandwill be
particularlystrongif they areselfgeneratedBertschetal., 2007for review, Slamecka&
Graf,1978).Elaborationthoughclearly superiorto maintenancestill hasvaryinglevels
of effectivenesén facilitating long-termmemory.

Elaboration's mosteffectivewhenit requiresmorethoughtandconsiderationas
well establishedby the body of work onlevelsof processinge.g.Craik & Lockhart,
1972;Craik & Tulving, 1975; Morris etal., 1977). Threehypothesetavebeenusedto
explainwhatelaboratiorencompasseglaborationdistinctivenessandeffort (Horton &

Mills, 1984).Elaboratiornrefersto expandinga memorytraceby addingassociationgas



discussedbove) Distinctivenessargueghatanythingthaté s t a o Wil be more
elaborativelyprocessedueto its unusuahature(e.g.PHLEGM is morelikely to be
rememberedhanPRIMATE becaus®f theatypicalspellingof PHLEGM, eventhough
theyarematchedn frequencyof use;Hunt & Elliot, 1980. Effort refersto thelevel of
processingequiredby ataskandis typically examnedby reactiontime on dualtasks
becausa moreeffortful taskrequiresmorecognitiveload andthereforewill generally
causea slowerreactionto a secondaryask(Eysenck& Eysenck1979) Forimage
stimuli, effortis measuredby theamountof eyemovementsnadeby the participant
(Bloom & Mudd, 1991). The elaboratenessf amemorytraceandhow descriptiveand
compatibletheencodingcontextof the memoryis with the testseemto be strong
predictorsof memorability(Craik & Tulving, 1975).Elaborativelyrehearsing
information,especiallywith the useof toolsthatrequiredeepthought leadsto greater
memoryfor thatinformation.

Deep,elaborativestudyis importantin orderto betterremembercontent(Craik &
Lockhart,1972;Morris etal., 1977).0Oneof the mostpowerfulmethodsof learningis
retrievalpractice or testing(Karpickeetal., 2014;Kornell & Vaughn,2016 Roediger&
Karpicke,2006 becausé requiresdeepelaboratioruponthelearnedcontent(Carpenter,
2009) Testng oneselfon previouslylearnedinformationoversimply re-studyingallows
alearnerto betterretainthatinformationandis called6 t testinge f f @oetiger&
Karpicke,2006).Thetestingeffectis sopowerfulthatit is effectiveevenwhen
individualsdo not actively recordtheir responseto testquestionsaandsimply think about
them(Smithetal., 2013).Whencomparedvith otherformsof studythathavepreviously

beenconsidereduperior(e.g.conceptmapping;Karpicke& Blunt, 2011),thetesting



effecttriumphs.This indicatesthatthe benefitsof theretrievalpracticethatoccurduring
testinglikely do notstemfrom semanticelaboratioralone.Furtherresearcthas
substantiatethis claim by demonstratinghatretrievalpracticeeffectsoccurin studies
thatusenonverbaimaterialg(Carpente& Kelly, 2012;Verkoeijenetal., 2004),which
eliminatesthe possibility for purely semanticallypasedencodingHowever,semantic
associatiormayplay alargerole in thetestingeffect,wheretheretrievalattempttself
seemdo activatethe semantianformationrelaiedto the givencue(Carpenter2009;
Carpenter2011).Thetestingeffectis a powerfultool for learning,but the nuanceof
why it surpassestherelaborativemethodsof learningarestill beingexplored.
Whenstudentsattemptretrievalby generanhg answersprior to beingtested they
consistentlyperformbetteratthe final memorytest(Lipko-Speedetal., 2014).Once
materialis studiedthroughgenerationit is morereadilyrememberedhanif simplyread
(Slamecka& Graf,1978)andit becomesieeplyembeddeadvithin the contextin which
theinformationwaslearnedBertschetal., 2007).Relatedly practicingretrievalof an
item(e.g.,fi b r eveitd wepkcues(e.g.,fi b a s leadstag)eatermemorythanpractice
with strongcues(e.g.,i t o &argerter,2009).This maybethe casebecausenentally
connectinganitem with aweakly associateduerequiresmoreelaboratiorthan
connectingt with astrongcue.Retrievalpracticeleadsto betterlearningwhenthe
retrievalis challenging(Kornell & Vaughn,2016;Karpicke& Bauernschmidt2011).A
morechallengingretrievalattemptrequiresthe learnerto expendmoreeffort to retrieve
therequestednformation,thusencouragindgurtherelaboratiorthana simpleor obvious

retrievalattempt. Any retrievd attemptremainsa superiortacticfor learningregardless



of testingoutcome butis evenmorepowerfulwhendeepelaboratioris encouragedby
increasediifficulty.
Unsuccessfuletrievalimprovesmemoryjustasmuchassuccessfutetrieval
(Izawa,1970;Arnold & McDermott,2013)which supportdhatideathatelaborative
effortimproves memoryregardles®f outcome Furthermoreattemptedetrievalis better
thannoretrievalevenif thel e a r respanggsincorrect,andtestingdoesnotimpair
learnirg if thestudenis wrong(Kornell, 2014).All this knowledgeaboutthetesting
effectsupportghelong-establisheanemorytropesof Craik andLockhart(1972),which
convergeon theideathatthe morementaleffort someonexertsupona particularbit of
information,the morelikely theywill beableto recallit.
Theprocedureshataretraditionally usedto studytestingandmemoryin
psychologicaktudiestakeseveraluniqueforms:recallof pairedassociatedreerecall,
andrecognition.If onelearredword pairswherethe cuewasfirst andthetargetsecond
(e.g.,iRest-MoDantf FrsBoda;rt a i 8§ p-Brats e bwith recallof, paired
associatesestingonewouldreceiveacue(e.g.,fi R e s t -4 pndthemsupplythetarget
(e.g.n Mc D o @&hreerecalltestingwould consistof listing all rememberedargets
(e.g.,i Mc Do n & Bd s aiyBaads,e lvhilé recognitionwould simply requirean
answerf i y eosfion ¢todvhetherthetargetwaspreviouslystudied(e.g.,ii Wa s
McDonaldsatarge ? 80meformsof testing,like freerecall,requiremoreself-initiated
activity onthepartof thelearnerthanothersbecauseheylack environmentasupport
(Craik, 1983),whichis presenin recallof pairedassociateandrecognition.In these

exanples,theenvironmentasupports the cuefor recallof pairedassociateandthe



targetin recognition.Noticethatin freerecalltasksenvironmentasupportis not
providedto the participant

Theelaborativeeffort requiredby recallandgeneratiorof responsesontributes
to thesucces®f thosemethodsn supportingmemoryfor thatinformation.It is well-
establishedhattestingandgeneratiorfacilitate memoryfor item information(e.g.
Roediger& Karpicke,2006;Slamecka& Graf,1978) butthelevel of elaboratiorthatis
encouragedy thesemanipulationgnay supportmemoryfor contextuainformationas

well.

Traditional Testing Comparedto Testingin the Current Study

Dueto the natureof this studydesign the studytasksparticiparns wereaskedo
performarenotexactlyalignedwith the traditionalstudytasksthatarecommonlyusedin
memoryresearchThenextfew paragraphgo into greaterdetailcomparingraditional
memorytaskswith thosethatwereimplementedn this study.

A recognitiontasktraditionally asksparticipantgo indicatewhetherthey
remembepreviouslystudyinga giventarget.This requiresthatthe participantperforma
memorysearcho seeif theyrecognizehegiventargetfrom encoding.This memory
searchcanyield eithervaguefamiliarity or explicit remllection. Accordingto recognition
dualprocessmodels(Mandler,198Q Yonelinas,2002), recollectioncontainscontextual
information,whereadamiliarity doesnot. Participantsaareableto responccorrectlyto a
recognitiontaskif theyachieveeitherrecollectionor familiarity duringtheir memory
searchThe currentstudyemployeda pseuderecognitiontaskthatrequiredaninitial

recognitiondecisionasdescribedabove(though with the cuebeinggiveninsteadof the



target),butalsoaskedfor anothelevel of recollectionspecificityin which participants
indicated which categoryof word (in this casefood or animal)theyremembered being
in if recognizedThis requiresa morespecificlevel of memorybeyondfamiliarity that
allowsfor correctcategorizationEvenif participantsareunableto remembethe specific
translationof the givenword, they still havethe potentialto correctlycategorizeat using
unconsciousnemay (Jacoby& Kelley, 1992;Jacobyetal., 1993)which doesnotrely
onrecollection. Therefore the pseuderecognitiontaskthatparticipantgperformedin this
studyshouldbe considerech morerigorousmemorytaskthanthatof atraditional
recognitiontask andwill becalledthe6 c at e g d raismdng forevand.

A recallof pairedassociatetasktypically asksparticipantso supplyatarget
afterviewing a previouslyassociated@ue.Whenperformingthis task,participantamust
performamemoryseart for the cueandattemptto generatehetargetitem thatwas
originally associatedavith thatcueduringencoding.Therecallof pairedassociatetask
participantgperformedn this studytakesthe sameform, with the only exceptionbeing
thatthecuewas in aforeignlanguagevhereasn astandardecallof pairedassociates
taskthecuewouldtypically bein 0 n enétigelanguage.

Oneof themaindifferencesbetweertherecall of pairedassociatetaskandthe
categorizatioriaskis thatthe formerrequiresthe participantto generate targetwhereas
the categorizationnaskdoesnot. Thegeneratioreffect(Slamecka& Graf, 1978)supports
theideathatwhenparticipantanustsel-generatea responsememoryfor that
information is improvedovertheinformationthatparticipantsvereonly askedo reador
recognizeFurthermorejn orderto succeedittherecallof pairedassociatetask,

participantsvould needto explicitly remembethetarget,whereagarticipantsassigned



thecategorizationtaskmaybe ableto succeedisingunconsciousnemory(Jacoby&

Kelley, 1992;Jacobyet al., 1993)which doesnot requireexplicit memoryfor thetarget

item. A flow chartof thememorysearchdemanddor thedifferentmemorytaskscanbe

seenin Figurel.

Traditional Recognition

Traditional Recall of Paired Associates

Study Recall of Paired Associates Task

Study Categorization Task

Figurel: Flow chartsillustratingthe memorysearchdemandof traditionalrecognition
andrecall of pairedassociatetasksvs. the studytasks.Note: The categorizatioriask
requirement®f this studyaregreaterthanthoseof a tradtional recognitiontask,butthe
recallof pairedassociatetaskmakessimilar demanddo thetraditionalformat.

With thediffering cognitivedemand®f the two tasktypesin mind, it is clearthat
thememorysearchkdemand®f therecallof pairedassociatetaskaregreaterthanthose

of thecategorizatiortask.However it is importantto notethatrecall of pairedassociates



Is notalwaysthe moredifficult task.Occasionallyrecognitionfailure will occureven
whenpatrticipantsareableto recal atargetfor the samecueasexplainedby the encoding
specificity principle (Tulving & Thomson1973).This illustratesthattestingbasedstudy
outcomesarenot asstraightforwardasdifferencesn memorysearchdemandsluring
responsegenerationHowever, testingdoesnotimpair learningif the studentis wrong
(Kornell, 2014)which alleviatesconcernsaboutthe encodingspecificity principle

affectingfinal learningoutcomesetweerthe two testmanipulationsf the currentstudy.

Testing and Contextual Information

Many pastattemptgo studycontexthavedonesoby associatinglaborative
information(e.g.font color) with itemsat study(e.g.Whiffen & Karpicke,2017;Smith
etal.,2013;Carpente& Kelly, 2012 etc.).Often thesucces®f retrievd is measuredby
how well peoplecanremembeianitem (item memory)or how well theyareableto
remembethe contextin which thatitem wasstudied(contextmemory).ltemsarea
certainpieceof concretenformation(e.g.,aword or asequencef numbers)vhereas
contextcanbe avariety of typesof sensoryinformationin both theinternal(e.g.,
thoughtsandmood)andthe external(e.g.,sights,soundstime of day, etc.)environment.
Perceptuakystemsseemto automatically or unconsciouslyencodecontextual
informationwhenexposedo newstimuli to help supportfutureretrieval(Tulving &
Craik, 2000).Contextinformationallows memoriesof eventsto berich andmulti-
faceted Whenrecallinga certainmomentlike perhapghefirst time you metyour
significantother,memoryfor contextis whatallowsyou to recallthe detailslike where

youwere,thetime of day,themusicthatwasplaying,andeventheway you felt in that
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moment.The studyof contextmemoryis anattemptto understandhow to bestretainthe
detailsof life.

Oneof thewaysmemoryscientistsstudytherole of contextuainformationin
episodicmemoryis the studyof sourcememory.éSourcérefersto featuresor
characteristicthatcomprisean episodicmemory.Sourceandcontextarevery closely
relatedtermsastheybothreferto informationthatis tiedto a givenmemory,though
sourcememoryis moreinclusivebecausét encapsulatethe entireeventwhereasontext
canreferto anyindividual aspecbf thatsourceevent(Tulving & Craik,2000. Source
monitoringis the procesof attemping to identify theorigin in which a pieceof
informationwaslearned(Johnsoretal., 1993).This canincludeattemptingto determine
if aneventoccurredor if it wassimply dreamedimagined,or otherwisefalselyencoded
asatrueoccurrenc€Johnsor& Raye,1981).Memoriescanbeimplantedby suggestion
or othersupportingnformationto the pointwhereparticipantssweartheyvividly
rememberaneventthatneveroccurredevenincludingnewly generatednformationthat
wasneverpartof theimplantedstory (Loftus & Pickrell, 1995) Sourcememoryhasbeen
shownto be deeplyfallible but cansometimede determinedastrueor falseby
examiningthe contextualinformationattributedto thatmemory.

Memoryfor contextuainformationthatis associatedavith anepisodeis a crucial
componenbf sourcemonitoring(Chalfonte& Johnson1996).Manipulationsof context,
or incidentalenvironmentafactors,havebeenshownto affectmemoryfor item
information (Smith, 1994)by providing uniquesourcememoryassociationsContextual
informationassociateavith amemoryhasbeenhypothesizedo assisicategorizatiorof

thatsourceasexternallyor internally derived,with externallyderivedmemorieshaving
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richer sensorycomponentanda firmer setandsettingassociatior{Johnsor& Raye,
1981).Theactof retrievingcontextuainformationitself canbenefittheretrievalof
associate@pisodicinformationaswell (Smith& Vela,2001) Contextuainformationis
akey componentn determiningthe sourceof anygiveninformationandcanhelp
supportotherdetailssurroundinghatevent.

Retrievalreliably improvesmemoryfor item informationandcontextaffects
memoryfor items,soit seemghatthereis arelationshipbetweercontextuainformation
andretrievalattempts Thereareseverakestablishedheoriesinvolving therelationship
betweerretrievalandcontextuainformation.The episodiccontextaccountKarpickeet
al., 2014)claimsthatmemoriesarerepresentewvith bothiteminformationandcontext
information.Accordingto this accountgeverytime informationis retrieve, the context
associateavith thatmemoryis updatedr reinstatedsoeachretrievalattemptupdates
thecontextuakepresentatioonf thatmemory(Lehmanetal., 2014)andtheretrieval
attemptitself drivesthatchanggJang& Huber,2008).Whiffen andKarpicke (2017)
publisheda studysupportingthe episodiccontextaccountwhich showedthatsimply
thinking aboutthe episodiccontextof a prior event(in this casewhich list aword was
in) enhancesubsequennhemoryfor theevent(or wordin this example) Manipulating
the methodof studyafterencodingcaninfluencememoryfor theitem, butit remains
unclearhow the contextuakepresentatiortself might changeduringtheseretrieval
attempts.

Similar to the episodiccontextaccountthereinstatementypothesisassertshat
thementalreinstatemendf contextuainformationsupportsnemoryfor theitemthatwas

originally learnedn thatcontext.This hypothesisalsoargueghatthetype of testusedto
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reinstatanformationcanmodulde thelevel of contextuainformationthatis reliedupon
to retrievethatinformation(Smith & Vela, 2001) A testthatprovidesa cueto the
participant(like recallof pairedassociatesr recognition)increaseshe lik elihoodof
reinstatenentof the sourcememory(Bjork & RichardsorKlavehn,1988)overatestthat
doesnot provideany environmentasupport(like freerecall). This mayindicatethat
providingenvironmentasupporthelpstrigger thereinstatemendf contextual
informationwhich canfacilitate successfutetrieval.
Testingtriggerscontextuareinstatementneaningthatwhenwe retrieveduring
testing,contextassociatedvith thetesteditemis beingupdatedn o n entnd to include
thatinstanceof study(Karpikeetal.,2014;Smith& Vela,2001) This helpsexplainwhy
studyingin manydifferentenvironmentsanimprovelearning(Godden& Badceley,
1975).However thereareseveralifferenttypesof retrievalthatareusedfor testing,
with varying levelsof cognitivedemandandeventuaimemoryperformanceWith such
variationon retrievaldemandsit is uncleanf thesedifferentlevelsof retrievaldifficulty
affectthe contextuainformationthatis reinstatedduringtheretrievalattempt.For
exampledoeswriting aparagraptabouto n ekdosiedgesurroundingasubject
associatelifferentamountsof contextial informationcomparedo simply choosinga
correctanswerfrom alist of possiblefactson the samesubjectaf oneof theses shown
to beamoreeffectiveform of study,thenperhapghe contextuakeinstatemenprompted
by this taskallowsfor moreelaboratioron thatcontextuainformation.
Employingdifferenttypesof testingis clearly a usefultool for studyingmemory,
butthistool hassparselybeenleveragedo studyhow it affeds memoryfor contexual

informationor sourcememory Akan, Stanley,andBenjamin(2018)directly measured
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spatially basedcontextmemoryaftertestingandconfirmedthatcontextmemoryis
improvedby testing,butonly cuedrecallwasusedto testthe participants.So,the
guestionof how differenttypesof testing(like freerecallor recognition)thatrequire
differentlevelsof effortful elaboratiorinfluenceability to remembercontextal

informationis still in needof furtherexamination.

Hypotheses

More challengingforms of testingyield differentlevelsof memoryfor items
(Kornell & Vaughn,2016;Karpicke& Bauernschmidt2011)dueto thevaryingdegrees
of elaboratiorthattheyrequire Testingcausesontextuakeinstatemenandthe anount
of contextreinstatednaybe modulatedoy thetype of testingbeingissuedKarpikeetal.,
2014;Smith& Vela,2001).Thereforeijt is likely thatdifferentlevelsof testingdifficulty
will yield differentlevelsof memoryfor contextaswell. It is predictedthatdifficult
testng will improvememoryfor contextuainformationthe most.Furthermorethe
difficult testwill supporttheability to remembemorespecificcontextuadetailsbetter
thanthe lessdemandingest.In the currentstudy,two differentlevelsof contextual
richnesqbroadcategorizingandspecificmatching)wereexaminedn anattemptto parse
outwhetherdifferent levelsof testingdifficulty encouragenorecontextuallyrich
memory.In orderto testthis prediction,the currentstudydirectly tesed memoryfor
contextafterdifferenttypesof item memoryretrievalattemptgpseuderecognition

categorizatiorandrecallof pairedassociatesyeremade.
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METHODOLOGY

Participants

Sixty participantgagesl8-30) wererecruitedfor this studyfrom the Georgia
Instituteof Technologystudentodythroughthe SONA campugecruitingsystemand
fliers postedon campusAll participantsverefluent Englishspeakersvith normalor
correctedo normalvision. Participantavererandomlyassignedo oneof thetwo
between subjectsconditions with 30 participantspercondition.Participantsvere
rewardedor their timewith two classresearctcreditsor $10perhourof participation.
All participantssigneda consenform thathadbeenapprovedy the Georgialnstituteof

TechnologyinstitutionalReviewBoard(AppendixA).

Materials

Six high-quality color photograpk of scenegFigure 2) werepresenteen agrey
backgrounde.g.,Figure3). Threeof the photoswereoutdoorscenegstockphotosfrom
aninternetsearch)while threewereindoorscenegrom the Main CB Databas€Sareen
etal.,, 2015).DutchandEnglishwordswerepresentedn largewhite bold Arial fontona
greybackgroundelowthe photographsThewordswere60 Dutch- Englishword pairs
of commonvocabularywords,half of whichwerefoods(e.g: CHERRY)andhalf of
which wereanimals(e.g: FOX). All of the picturesandword pairswerepresentedising

PsychoPysoftware(Peirceetal., 2019).
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Figure2: Thepicturestimuli.

Participantsvereadministeredh seriesof cognitivemeasureshataddressed
guality of sleep(EpworthSleepines$cale, Johns 1991, AppendixB; PittsburghSleep
Quiality Index,Buysseetal., 1989 AppendixC), visuospatiabhcuity (Visual Puzzles,
WechslerAdult IntelligenceScaleFourthEdition, [WAIS-1V], Wechsler2008
AppendixD) working memoryability (Digit Span WAIS-1V, Wechsler2008 Appendix
E), languageconceptualizatiomndverbalreasoning Similarities, WAIS-1V, Wechsler,
2008 AppendixF), andeverydaymindfulnesgMindful Attention AwarenessScale,
Brown & Ryan,2003 AppendixG). Participantsalsocompletedaresearchercreated
surveyconsistingof variousquestionf interest(family, travel,work, how they
generallyspendtheir time, how theyapproachedhe studytask,etc, AppendixH) that

wasadministeredhroughQualtrics(Qualtrics, 2020).
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Designand Procedure

Thestudyhad four parts:encoding study-test,critical-test,andcognitive
measuresThe entiretyof the studytook placein asmall,quiet,white lab roomwith a
maccomputerandkeyboard.The encodingandcritical-testphasesvereidenticalfor all
participantswhile the study-testphasencludedoneof thetwo between subjects
conditions(categorizatiorandrecallof pairedassociatesAll 60 Dutch Englishword
pairswereviewedtwice by eachparticipantonceduringtheencodingportion of the
study,andonceagainduringthe studytestphaseThe methodin which the pairswere
presentedh the study-testphasevariedby between subjectscondition,but notthe length
of exposurdime or content.Figure3 providesa visualguidefor theexperimentatesign

of this study.
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Encoding

How successfully did you associate?

1-Not at all
2- Moderately
3- Successfully

KERS - CHERRY
| e 10 Seconds ---—--—--—-—- |

[E——— 4 Seconds - |

Study: Recall of Paired Associates

KERS - | KERS - CHERRY

Press 'enter' when you have made your
response to view feedback.

[essmms 5 Seconds ~——---—-——- |

Study: Categorization

KERS __J  KERS-CHERRY

FOOD '1' ANIMAL '9*
NOT PREVIOUSLY STUDIED '5'

| ————-———>5 Seconds -—————— |

Critical Test (Dual) Critical Test (Picture)

KERS

Indoor press ‘1’ Outdoor press ‘0’ Please select your response using
4'12' or '3’

Figure3: Experimentablesignof the study.Participantsvererandomlyassignedo one
of thetwo studyconditions.
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Encoding

Theencodingohasebeganwith theresearcheexplainingthetaskandasking
participantgor any outstandingjuestionsParticipantsveretold thatit wasimportantto
drawa meaningfulconnectiorbetweenthe Dutchvocabularyword andthe associated
imageon the screenEachpicturestimuluswasassociatedavith ten Dutch- Englishword
pairs.After eat Dutch- Englishword pair waspresentedbeneathheir respectivgphoto
for tensecondsparticipantshadfour secondgo ratehow successfullytheywereableto
elaborativelyassociatéhe imagewith theword pair on a 3-point scalewith the options
beingé (Notatall) 6 @oderately ar@d 8Successfully .Tlerewasa half-second
fixation (+) betweereachitem. The 60 itemswerebrokeninto threeblocks,with each
block containing10 food wordsand10 animalwords.Participantdhadthe opportunityto
takea shortbreakbetweereachblock if desiredoeforepressinghe spacebarto advance
to thenextblock. Oncethe encodingportionwascompletedparticipantsalertedthe
researchein orderto receiveinstructionsfor the studytestphase.

Studytest

Thetwo possiblerandomlyassignedaonditionsof the study-testphasewnererecall of
pairedassociatesandcategorizationBeforebeginningthe study-testphasethe
researcheemphasizetheimportanceof guessingon everyitem, evenif the participant
hadnoideawhatthe correctanswemwas.

Therecallof pairedassociatesonditionconsistecf eachDutchvocabularyword
beingpresentean the screerwith ablankspacebesideit in which the participantwas
askedo typethe Englishtranslationandpress@en t evinebdone.lf theparticipanttyped

theincorrecttranslationthe correcttranslationwould appeaon thescreenalongsidethe
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Dutchwordfor five secondsftertheypresseden t dfrth@y.typedthecorrectresponse,
theywould view theword pair for five secondsaftertheypresseden t etherdmoveon
to thenexttrial. Therewasa half-secondixation (+) betveeneachtrial. The study
paradigmwasdesignedsothatany capitalizationdiscrepanciesvereignored(i.e.
Blueberry,blueberryor BLUEBERRY areall considereatorrect).Incorrectlyspelled
wordswerecountedncorrectby the program but spellingwasmanually reviewedduring
dataprocessingDueto the simplenatureof thewords,misspellingsvereuncommon.

ThecategorizatiorconditionpresentegachDutchword on the screenndividually
andgave participantdive secondgo indicatewith a buttonpresswhethertheythoughtit
wasafood word, animalword, or anewitem. Therespons@ptionswereto pressd 1fdy
food,6 %dy animal,or 6 5dy not previouslystudied No unstudiedtemswerepresented.
Oncethefive secondsvereup, the Dutchword andits Englishtranslationwerepresented
onthescreerfor five secondsegardles®f correctnessTherewasa half-secondixation
(+) betweereachtrial.

Oncethestudytestportionwascompletedparticipantsalertedtheresearchemn order
to receiveinstructionsfor the critical-testphase.
Critical-test

During thecritical-testphaseof this study,participantsvereaskedto maketwo
decisionsabouteachDutchvocabularyword. Thefirst decision(thefidu a ¢eoision)
consistedf indicatingwhethertheyremembethe presentedutchvocabularyword
originally appearingalongsideanindooror outdoorsceneby pressingd lt@indicate
indoorand6 Qtdindicateoutdoor.Thenextscreemresentedhe seconddecision(called

the@i c t deciston)in theform of all threeof eithertheindooror outdoorscenesn a
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randomizedrder.Eachpicturewasclearlylabelledl, 2, or 3 in largewhite font with a
blackoutline.Whethertheindooror outdoorimageswerepresenteavasdictatedby
which typeof scenehe Dutchvocabularyword wasoriginally studiedalongside,
meaningthe correctresponsevasalwaysavailableto the participantegardles®f their
correctnessluringthedual decision .Neitherthe dual nor the picture decisionshadany
time constraintsso participantouldrespondo eachitem at whatevermpacewasmost
comfortable Therewasa half-secondixation (+) betweereachtrial. All 60learned
Dutchwordsweretestedn thisfinal phase.

CognitiveMeasures

After completingthecritical-testportion of the study,the participantswvere
directedto completea surveyhostedonline by Qualtrics(2020)consistingof theitems
from the EpworthSleepines$Scale(AppendixB, Johns1991),the PittsburghSleep
Quality Index (AppendixC, Buysseetal., 1989), the Mindful Attention AwarenessScale
(AppendixG, Brown & Ryan,2003),andtheresearchercreatedsurvey(AppendixH).
Finally, theresearcheadministeredhe WAIS-IV visualpuzzletask(AppendixD), digit

span(AppendixE), andsimilaritiestests(AppendixF; Wechsler 2008 in- person.

Data Analysis

Theresultingdataof this studywereconsideredisingseverakentralvariables.
Study-testperformancavasmeasuredby looking atthe percentagef the 60 betweenr
subjectsstudytrials in which the participantmadean accuratagesponsdg studype r cent 6 ) .
Memoryfor contextwasindicatedthroughthreedifferentcontextoutcomesThe

percentagef the 60 critical testtrials in which the participantmadean accurateduat
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decisionselection( dialpe r ¢ ethepedcentagef the 60 critical testtrials in whichthe

participantmadean accurateictureselection picturepe r ¢ eamdadgntextsc or e .

Thecontextscoreis avaluethatrepresent®ow a participantperformedoverallduring
the critical test. This valuewascreatedby giving eachindividual trial a scorebasedff
performanceindaddingtogethereachtrial score .Eachtrial wasscoredasfollows: 0 =
bothdual andpictureincorrect,1 = only dual correct,2 = only picturecorrect, 3= both
dual andpicture correct.@Only pictureéreceiveda higherscorethan@nly duabbecause
thedualdecisionrequiredalower level of knowledgeaboutthe original stimulus(i.e. that
it wasanindooror outdoorscene}hanthe picturedecision(which required participants
to selectthe specificimage).This systemallows the contextscoreto represeneach
participanés overallability to remembercontextuainformation.It shouldbe notedthat
contextscoreandpicture percentarehighly correlatedr(58) = .98,r?= .96) measures
(seeFigure4). A confidencescorethatrepresentaip a r t i o©veralkcontidénsevas
alsocalculatedor eachparticipantby addingup their confidenceresponsefor eachtrial
duringencoding(1 = Not atall confidentin theassociation2 = Moderatelyconfidentin

theassociationand3 = Successfullyassociated).
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Figure4: Correlationof thevariablesContextScoreandPicturePercent.

Several-testswereperformedn orderto ensurghatparticipantsvere
performingabovechanceonthe memorytasks A t-teston the studypercentesultsof the
categorizatiortasktestedf participantresponsesveresignificantly differentfrom
chanceWith threepossiblerespons@ptions,chancenvas33.33%.A t-testwasalso
performedon dualpercento ensurgparticipantsvereperformingabove50% chanceon
thedualcritical test.Finally, at-testfor picturepercentwasperformedo ensurethat
participantsvereabove33.33%chancdor the picturecritical test.

Datawasanalyzedusingseverabneway analyse®of variancelANOVAS) that
examing therelationshipdetweerrandomlyassigneatondition,study-test
performanceconfidencerating,andoverallmemoryfor context. Theoneway ANOVA

of conditionandstudy percentwasusedto establishwhich type of testingwasthe most

23



diffi cult. Thethreeseparat®neway ANOVAs of conditionwith contextscore,dual
percent,andpicture percentwereusedto examinewhetherthetwo differenttesting
conditionsaffectedp a r t i @bilipy o remembedifferentlevelsof contextual
information. Threeseparatdinear correlationsverealsoperformedcomparingstudy
percentwith contextscore,dual percentandpicture percentin orderto seeif different
levelsof testingperformancen generali.e. ignoringthe assignedonditions)affected
par t i abilip toremaembedifferentlevelsof contextuainformation.These
correlationswerefitted with lines of bestfit thatweretestedfor significance.
Furtheranalysesnvolved examiningthe confidencescorescognitivemeasures,
andsurveyresultsastheyrelateto memoryfor context.Threeseparatdinearcorrelation
analysedetweerconfidencescoreandthe contextbaseddependenteasuregcontext
score dualpercentandpicturepercentwereusedto creatdinesof fit to examine
whether confidenceratingsduringencodingwerepredictiveof contextmemory.Theraw
scoresf thecognitivemeasureg¢EpworthSleepines$Scale, Johns 1991, AppendixB;
the PittsburghSleepQuality Index, Buysseet al., 1989AppendixC; the Mindful
Attention AwarenessScale Brown & Ryan,2003AppendixG; andthe WAIS-1V visual
puzzletask[Appendix D], digit span[AppendixE], andsimilaritiestests[Appendix F],
Wechsler2008)wereall run throughseparatenultiple regressionsvith contextscore,
dualperceant, andpicturepercenin orderto seeif therewereanyindividual differences
thataffectedmemoryfor contextuainformation.Therelationshipdbetweerthese
variableswerealsoexaminedo determindf therewereanyinteractionsof interestAll
theresultsof theresearchercreatedsurvey(AppendixH) werecodedinto numerical

valuerepresentationseeAppendix| for codingschemesin orderto run analyses
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comparingthe surveyresponseo contextuaimemoryfor the purposeof better
understandingndividual differencesn memaoryfor context.Dependingon the natureof
thenumericallycodedresponsesurveyresultswerecomparedo the maincontextbased
dependenvariables(ContextScore,Dual PercentandPicturePercentusingeitherone
way ANOVAs (for dependengroupvariables)or liner correlationgfor interval
variables) All of the ANOVA tablesfrom dataanalysisthatarereportedin theresults

canbeviewedin AppendixK.
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RESULTS

Theresultsincludedatafrom all 60 participantswith 30in eachbetween subjects
condition.Descriptivestatisticsfor the mainvariablesof interestareavailablein
AppendixJ. Thet-teston the studypercentesultsof the categorizatiotaskshowedhat
participantresponsesuringthe studytestweresignificantlyabovechancet(29) = 14.26,
p <.001.Thet-testondualpercentshowedhatparticipantresponsesduringthedual
critical testweresignificantlyabovechance(59) = 9.42,p < .001.Finally, thet-teston
picturepercentshowedhatparticipantgperformedabovechanceduringthe picture
critical testt(59) = 10.13,p < .001. Theset-testsareconfirmationthatparticipants
performedabovechanceon eachof the memorytasks.

Theoneway ANOVA of conditionandstudypercent{M = 39.83,SD=20.91)
showeda statisticallysignificantinteractionF(1, 58) = 118.98,p < .001, with recall of
pairedassociate$M = 22.83,SD =14.49)beingconsiderablymoredifficult than
categorizatior{M = 56.83,SD = 9.03). The meanstudypercentscorefor recallof paired
associateandcategorizatiorareshownin Figure5. Thethreeseparat®neway
ANOVAs of conditionwith contextscore(M = 99.92,SD = 21.69),dualpercentM =
62.31,SD=10.12),andpicturepercen{M = 52.11,SD = 14.35)were not statistically
significant F(1,58)=.66,p = .42,F(1,58)=.05,p = .82,andF(1, 58)= 1.24,p = .27
respectively Figure6 showsthe meancontextscoredor thetwo separateonditions.

Thethreeseparateorrelationscomparingstudypercentwith contextscore r(58)
=.36,r>=.13,dualpercentr(58) = .24,r? = .06, andpicturepercentr(58) = .36,r? =

.13, yieldedtwo significantlines of bestfit betweerstudypercentandcontextscore F(1,
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58) = 8.48,p = .005 (seeFigure7), andstudypercentandpicturepercent=(1, 58) = 8.84,
p =.004 with theline of bestfit for dual percentot beingsignificantF(1,58)=3.7,p =
.06. Thethreeseparatdinearcorrelationsetweerconfidencescore(M = 113.7,SD=
23.24)andcontextscore r(58) = .40,r2 = .16 (seeFigure8), picturepercentr(58) = .41,
r2=.17,anddualpercentr(58) = .28,r? = .08, all fit statisticallysignificantlinesof best
fit, F(1,58)= 11.15,p = .002,F(1, 58) = 11.57,p = .0012,andF(1, 58) = 4.85,p = .03

respectively.

o Mean Study Percent by Condition
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Each error bar is constructed using 1 standard deviation from the mean.
Figure5: Meanstudypercentscoredor thetwo conditions.
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Figure7: Correlationbetweercontextscoreandstudy percentwith theline of bestfit.
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Figure8: Correlationbetweercontextscoreandconfidencescorewith theline of bestfit.

Noneof theanalysesnvolving the cognitivemeasureg$EpworthSleepiness
Scale Johns 1991, AppendixB; the PittsburghSleepQuality Index,Buysseetal., 1989,
AppendixC; the Mindful Attention AwarenessScale Brown & Ryan,2003,Appendix
G; andthe WAIS-1V visualpuzzletask[Appendix D], digit span[AppendixE], and
similaritiestests[Appendix F], Wechsler 2008)yieldedstatisticallysignificant
relationshipswith the threemain contextbaseddependenvariables(contextscore,
picturepercentanddualpercent).

Only afew itemsfrom theresearchercreatedsurveyhadstatisticallysignificant

relationshipswith the contextbaseddependenvariableswith theremaindemnotbeing
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significant. Two of the taskbasedsurveyquestiongconcerninghow the participants
thoughtaboutandperformedhetask)hadsignificantrelationshipsshownby oneway
ANOVAs. Thefirst taskbasedquestionof interest(yieldingthe6 t & § K \aniabld)
wasnumberl6 from the survey,which askedabouthow mucheffort patticipantsputinto
completingthe studytask.Taskeffort hada significantrelationshipwith bothcontext
scoreF(3,56)= 3, p=.04,andpicturepercentF(3, 56) = 2.81,p = .048,but not with
dualpercentF(3,56) = 2.69,p = .05. This demonstratethatthe amountof effort exerted
onthestudytasksaffectedperformancenn the critical task.Figure9 showsa breakdown
of themeancontextscoredy taskeffort surveyresponseThe secondsurveyitem of
interest(yieldingthe t dosckuvariable)wasnumberl9 from thesurvey,which asked
aboutwhich stimuli participantgaidthe mostattentionto duringthe encodingportion of
thestudy.Taskfocushada significantrelationshipwith both contextscore,F(4, 55) =
3.11,p=.02,ard picturepercentf(4, 55) = 3.09,p = .02, but not with dualpercentf(4,
55)=2.06,p = .1. Thisindicatesthatthe stimuli participantgaid attentionto during
encodingnfluencedtheir performancen thecritical task.Figure10 showsa breakdown

of themeancontextscoredy taskfocussurveyresponse.
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Figure9: Meancontextscoresby respons®n thetaskeffort surveyquestion.
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Figurel10: Meancontextscoredy respons@n thetaskfocussurveyquestion.
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DISCUSSION & CONCLUSION

Thestudytaskanalysisn theintroductionmadeit clearthattherecallof paired
associatesaskrequiredmorespecificmemorythanthe categorizationaskbecauseven
if oneis ableto correctlycategorizehe presenteadue(thereforeableto respondcorrectly
to the categorizationiask) theymaynot beableto generatehe specificfood or animal
thatwasoriginally pairedwith the cueword thatwasrequiredto correctlyrespondo the
recallof pairedassociatetask.Theresultsof this studysupportedhattherecall of paired
associatesaskwasindeedmorechallengingthanthe categorizationask.

It waspredictedthatthe moredifficult testwould supporto n eabilgy to
remembegr greatemumberof contextualdetaik overthelessdemandingesting
Consideringhenon-significantrelationshipbetweentype of testingandability to
remembercontextuainformation,this studyhasfailed to supportthe hypothesis.
Furthermoreit waspredictedthatmorerigoroustestirg would improvecontextmemory
themost.Therearesignificantlines of fit for the correlationdbetweerperformancen
thestudytestandmeasuresf contextuaimemory,butit is likely thatthis hasmoreto do
with the overallmemorycapabilityof the participants,andif this hypothesisvascorrect
thanthe correlationwould havebeenin the oppositedirection(i.e. astestscoresvent
down,memoryfor contextwould haveincreased)Thereforejt is clearthatthe main
hypothesesf this studyshouldberejectedbasedff theseresults.

Despitealack of compellingsupportfor the mainhypothesesheresultsof this
studyconfirmedthatparticipantsvereableto selfassessearningandperformancdairly

well. Thesignificantrelationshipbetweenconfidencerating andperformancen memory
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for contextial informationshowedthat participantsvereableto accuratelyassesfiow
well they hadlearnedhe informationduring encoding This performanceselfawareness
wasalsoshownby the significantassociabn betweerthe effort ratingin theresearcher
createdsurveywith memoryfor contextal information The participantsvho indicated
thattheyexertedgreatereffort performedbetter on thecritical task.

Therewasalsoa significantrelationshippetweenwhatinformationparticipants
indicatedthey paid attentionto duringencodingandhow they performedon the critical
task.Interestingly the participantsvho paidthe mostattentionto the Englishwo r d 6 s
associatiorwith theimageon the screenandnot the Dutchword) duringencoding
earnedhebestscoresduringthecritical task.Consideringhatthe Englishwordswere
not presenturingthe critical task,this mayindicatethatthe study-testhelpedbetter
establisithesep a r t i @onpeetionthatvéeerthe Dutchwordsandtheir English
translationsDuring thecritical task,it is likely thattheseparticipantsvereableto
remembethe Englishtranslationof the presentedutchword andthenconnecthat
translationwith thescendrom theencodingportion of the studyinsteadof simply
connectinghe Dutchword alonewith the scene This indicatesthatthe attemptof using
Dutchvocabularyto avoid semantically basedcontextmemoryencodingmay have
failed.

Encodingof environmentainformation,like contextuainformation,canbe
suppressed participantsareengagedn nonrenvironmentallypbasedorocessingluring
encoding(Matzeletal., 1985).This effect,calledé o v e r s h andyexplaimadpy, 6
participantsstruggledio remembercontextuainformationduringthefinal test.It is

possiblethatparticipantsin anattemptto betterremembethe challengingDutch
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translationselectedto usementalrehearsatechniqueghattheyalreadyrely onin their
studieg(all participantsvereGeorgiaT echundergraduatstudents}jo deeplyencodehe
item informationinsteadof the environmentainformationthattheresearberoriented
themtowardduringinstructionslf participantsdid notbelievethatusingtheimagesas
their environmentatueswassufficientto learntheinformation,theywould likely elect
to useanextraenvironmentamethodthathasworkedfor themin the past.In this case,
overshadowingv o u | grévenéedhe contextualcuesfrom beingboundto thesource
memory.If contextuainformationwasnotoriginally encodedalongsidetheitem
memory,thenit would not havebeenre-instatedduringthe studytestphasewhichis
centralto the hypothesesf this study.Thereforejncidentalovershadowingluring the
encodingphasemaybeanexplanatiorfor thenull results.

Anotherpossiblecausegor the null resultsis thatthe contextuainformation
presentedo participantanay havebeentoo similar anddid not containenoughvariation
betweenrstimuli. Only six imageswereusedascontextuainformationfor sixty items
with therebeingtwo differenttypes(indoorandoutdoor)of picturestimuli used
Episodicconfusionerrorsoccurwhenthe sourceof informationis corfusedwith another
source(Smithetal., 2001)andthis is morelikely to happernwhenthe contextof thetwo
differentsourcess similar (Tulving & Craik, 2000).Indoorandoutdoorsceneprompt
distinctcorticalactivationsirom oneanother(Hendersoretal., 2007), sothe scene®f
eachtypearelikely moreperceptuallysimilarto eachother.To testif participantsvere
confusingthe scene®f similar typeswith oneanotherthe probability of participants
indicatingthe correcttype of scenedespitechoosingtheincorrectphotowascalculated.

Theprobability of participantshavingselectedhe correctdistinctionbetweenndooror
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outdoorgiventhatthe participantwasincorrecton thefinal picturedecisionis 48.88
percentwhichis belowchanceThisis notconvincingevidencehatparticipantsvere
confusingindoorandoutdoorscenesith oneanothersoepisodicconfusionis an
unlikely explanatiorfor the null results.

Thereis the potentialthatthe encodingtaskitself wastoo boringto truly engage
elaborativethoughtin the participantsParticipantsvereinstructedo attemptto mentally
imaginethevocabularnyitemin the sceneputwithout any hardfeedbackbeingsolicited
duringencodingoeyondconfidenceratings,it is possiblethatthe taskwassimply not
engagingenoughfor participantgo investsubstantiamentaleffort into thetask.Recall
shouldbeincreasedy usingconcretevocabularywordsto encouragenentalimagery
(Nelson& Schreiber1992)andvisuallyimaginingitems(Roediger,1980),both of
which applyto theencodingtaskparticipantsvereaskedio complete However ,if
participantdoundthis taskto be boring or otherwiseintellectuallyunstimulating they
may havelackedinterestin completingthe mentaltasksasinstructedtherefore
contributingto theapparenshallowprocessingf the sourcememory(Sporer,1991).
Furthermorethereis fMRI (functionalmagnetiacesonancémaging evidencehatwhen
amemorytaskd o e expliitly promptfor futureretrievalof contextuainformation,a
relatively smallamountof brainactivity elicited by the stimulusis devotedto
establishinghe memorytrace(Duarteetal., 2011).Duarteandcolleagueg2011)also
foundthatsourcememoryfor sceness lower comparedo sourcememoryfor wordsor
picturesof objects.This indicatesthatthe combinationof not explicitly orienting
participantgo beingtestedon sceneandusingscenesasthe contextuainformaion in

thefirst placewasa poorchoiceto encouragenemoryfor contextuainformation.Dueto
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thelack of engagemenhatwasrequiredof participantdoeyondunmeasurablenental
manipulationsandtherelativelyweaksourcememorytracesfor scenegDuatrte et al.,
2011),it is possiblethatelaborativesourceencodingdid notoccur.

This studymay alsohavebeenimprovedon by simply limiting theamountof
informationparticipantsvereaskedo digest.The methodsattemptedo eliminate
semantiaetrieval effectsby usingDutchvocabulary putit resultedn participants
havingconsiderabldifficulty performingwell onthetasks.Thisresearcheoftenheard
professiondrom Georgialnstituteof Technologyundergraduatstudentsafter
completingthe studythatthis taskwasextremelydifficult, andtheydid notfeelthatthey
performedwell. In fact, whenparticipantsvereaskedo ratehow difficult the studywas
(question21 of theresearchercreatedsurvey AppendixH), themostcommonresponse
wasthatit wasé s o mednihfaft(n=et3),with four participantgatingitasé e x t r e me | y
di f f iThedubHattedtiondesignduringencodingalsoled to differentparticipants
payingattentionto differentinformationfrom oneanothersothatdifferentindividuals
wereprioritizing rememberinglifferentpiecesof information.

Overall,thevagueinstructionsthatwereintendedo encouragéncidental
learningof contextualinformationmayhaveled to incidentalovershadowingnsteal, the
cognitivedemandsnadeon the participantsverelikely too great,the orientingtaskwas
ill -suitedto encouragencodingof sourceinformation,andindividual variability in
performanceavashigh. Oneor severalbf thesefactorslikely contributedo thenull result.
Futurestudiesmayyield significantresultsif the methodsarekeptsimple awithin-

subjectdesignis usedto allow for crosstrial comparison®f the samendividual,
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precautionsretakento avoid overshadowinggontextuaktimuli aremoreselectively
chosenandthe cognitivedemandgut uponparticipantsarenot too great.

It is still clearfrom well- establishediteraturethatcontextplaysanimportantrole
in supportingepisodicnemory(e.g.,Godden& Baddeley1975;Karpickeetal., 2014,
Lehmanetal., 2014;Whiffen & Karpicke,2017)andthattestingis a powerfultool for
learning(e.g.,Karpicke& Blunt, 2011;Kornell & Vaughn,2016;Smithetal., 2013 but
this studyhasfailed to drawthe connectiorbetweenestingandcontextuareinstatement.
Themainreasorfor this failure seemgo begroundedwithin the flawed methodology,
thereforethis avenueof researchs still worthy of furtherstudy.

A potentialopportunityfor futureresearclonthis topic couldinvolve expanding
uponthestudyby Akan, Stanley,& Benjamin(2018)by addingmoretrial manipulations
in anattemptto revealdifferencedn testingdemand®n ability to remembespatially
basedcontext.Akan, Stanley & B e n j a (2018)designis simpleandelegantd o e s n 6 t
maketoo manycognitivedemand®n participantsjs awithin-subjectdesignto allow for
moredirectcrosstrial comparisonsandhadpromisingresultsonits own. The planned
studywould addmoretesttrial typesto bettercoverthe questionof therelationship
betweentestingdifficulty andmemoryfor contextuainformation.

Thefailure of this study to showthatdifferentlevelsof testingdifficulty affect
ability to rememberontextuainformationassociateavith agivenitemis likely morea
reflectionof poortaskdesign high individual variability in ability to remembeicontext,
andbr incidental overshadowingndnot alack of arelationshipbetweertesting
difficulty andmemoryfor context.A moresimplified anddirectdesignmayleadto

convincingsupportfor this theoryin thefuture
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APPENDIX A: INFORMED CONSENT

Consent Document for Enrolling
Adult Participants in a Research Study at the
Georgia State University - Georgia Institute of Technology
Joint Center for Advanced Brain Imaging
831 Marrietta Street
Atlanta, GA 30318

Project Title
Individual and Group Differences in Decision Making

Investigators
Dr. Mark Wheeler, Principal Investigator

Mary Bernhardt, Elyse Carlson, and Jenny Walker, Graduate Student researchers

Contact

School of Psychology

Georgia Institute of Technology
654 Cherry Street NW

Atlanta, GA 30332-0170
404-894-3102

Introduction

You are being asked to participate in a research study. We are conducting a
study to learn more about how people make decisions, strategies that are used,
and changes in how we make choices that may take place across the lifespan.
You will be completing tasks with pen and paper and on a computer.

First you will fill out several questionnaires. Then you will be asked to view
images, videos, and words on a computer screen and asked to make choices
based on your perceptions, memories, and the information presented to you.
You are free to withdraw from the study at any time. This study takes less than
2 hours total.

Purpose
Approximately 500 individuals will participate in this research study funded by

the Georgia Institute of Technology. This study will help us to learn how people
make decisions, what influences choices, strategies, and possible differences that
occur in healthy aging.

Exclusion/Inclusion Criteria
Children under the age of 18 are NOT permitted to participate in this study. If you are
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under 18 years of age please inform the researcher at this time. You must be between
the ages of 18-35 or 60-75 to participate. All adult participants must be healthy, native
English speakers, and must have 20/20 vision or better with or without correction
(glasses, contacts, LASIK, etc.), and have no known cognitive impairments. Cognitive
impairments which could affect performance for the purposes of this study and thus will
be excluded include stroke, aneurysm, alcoholism, illicit drug use, neurological disorders,
psychiatric disorders, and learning disabilities. Likewise, this study will include a test
designed to assess the presence of possible cognitive impairments. Non-native English
speakers will also be excluded from this research in order to ensure that subjects are
fully comprehending all instructions and prompts given to the by the researchers.

Procedures

*  This study will consist of one visit which will take less than 2 hours,
remember that you are free to stop at any time.

* This study will occur at the GSU/GT Center for Advanced Brain
Imaging, where you are currently located.

* You may be asked to complete a series of pretests, as well as a brief
vision test.

* This study will likewise include a session in which you view images of
objects, humans, places, humbers, and words. You will then be
tasked with identifying them.

* There will be no audio or visual recording in this study.

*  When the experiment is finished, you may be asked to take posttests, and will
have an opportunity to learn more about the study.

¢ Tell the technician if you need a break or feel any discomfort.

®*  You are free to quit the study at any time for any reason.

Risks or Discomforts
The risks involved are no greater than those involved in daily activities such as
using a computer, writing, or reading.

Benefits
You are not likely to benefit in any way from joining this study. We hope that what we
learn will help us understand higher order cognitive processes.

Compensation to You
You will be compensated $10 per hour, or 2 Sona credits. Please indicate to the

researcher which of the two forms of compensation you prefer if you have not already.
This study will take less than 2 hours. You are free to quit at any time and will be
compensated as if you had simply completed the study early. So, for time spent on the
study at a rate of $10/hour if you chose monetary compensation (e.g.: $15 for 90
minutes), or with 2 full Sona credits if you chose Sona credit compensation (this is
consistent regardless of time spent on the study).
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U.S. Tax Law requires that a 1099-misc be issued if U.S. tax residents receive
$600 or more per calendar year. If non-U.S. tax residents receive more than
$75, mandatory 30% withholding is required. Your address and Tax I.D. may be
collected for compensation purposes only. This information will be shared only
with the Georgia Tech department that issues compensation, if any, for your
participation.

Confidentiality

The following procedures will be followed to keep your personal information confidential
in this study: The data collected about you will be kept private to the extent required by
law. To protect your privacy, your records will be kept under a code number rather than
by name. Your records will be kept in locked files and only study staff will be allowed to
look at them. Your name and any other fact that might point to you will not appear
when results of this study are presented or published. Your privacy will be protected to
the extent allowed by law. To make sure that this research is being carried out in the
proper way, the Joint Georgia State University and Georgia Institute of Technology IRB
may review study records. The Office of Human Research Protections and/or the Food
and Drug Administration may also look over study records during required reviews.

Costs to You
There are no costs to you, other than your time, for being in this study.

Questions about the Study

If you have any questions about the study, you may contact the Principal Investigator, Dr.
Mark Wheeler, by telephone (404) 894-3102 or email at
mark.wheeler @ psych.gatech.edu.

In Case of Injury/Harm

If you are injured as a result of being in this study, please contact Principal Investigator,
Dr. Mark Wheeler, Ph.D., at telephone (404) 894-3102. Neither the Principal
Investigator, nor Georgia Institute of Technology, nor Georgia State University has made
provision for payment of costs associated with any injury resulting from participation in
this study.

Participant Rights

*  Your participation in this study is voluntary. You do not have to be in this study if
you don't want to be.

*  You have the right to change your mind and leave the study at any time without
giving any reason and without penalty.

* Any new information that may make you change your mind about being in this
study will be given to you.

* You will be given a copy of this consent form to keep.

* You do not waive any of your legal rights by signing this consent form.
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Questions about the Study

If you have any questions about the study, you may contact the Principal Investigator, Dr.
Mark Wheeler by telephone (404) 894-3102 or email at
mark.wheeler@psych.gatech.edu.

Questions about Your Rights as a Research Participant
If you have any questions about your rights as a research participant, you may contact

Ms. Kelly Winn, Office of Research Integrity Assurance, Georgia Institute of Technology,
Atlanta, GA 30332-0420. Voice 404-385-2175.

Signatures
Signing below indicates that you have read (or have had read to you) the

information on pages 1-4 of this consent form, and you would like to be a
volunteer in this study.

Participant Name (printed)

Participant Signature Date Time

Person Obtaining Consent (printed)

Signature of Person Obtaining Consent Date
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APPENDIX B: EPWORTH SLEEPINESSSCALE

The following questionnaire will help you measure your general level of daytime sleepiness. You
are to rate the chance that you would doze off or fall asleep during different routine daytime
sifuations. Answers to the questions are rated on a reliable scale called the Epworth Sleepiness
Scale (ESS). Each item is rated from 0 to 3, with 0 meaning you would never doze or fall asleep
in a given situation, and 3 meaning there is a very high chance that you would doze or fail
asleep in that situation.

How likely are you to doze off or fall asleep in the following situations, in contrast to just feeling
tired? Even if you haven't done some of the activities recently, think about how they would have
affected you.

Use this scale to choose the most appropriate number for each situation:

0 = would never doze 2 = moderate chance of dozing
1 = slight chance of dozing 3 = high chance of dozing

It is important that you circle a number (0 to 3) for EACH situation.

SITUATION CHANCE OF DOZING
Sitting and reading 0 1 2 3
Watching television 0 1 2 3
Sitting inactive in a public place (theater/meeting) 0 1 2 3
As a passenger in a car for an hour without a break 0 1 2 3
Lying down fo rest in the afternoon 0 1 2 3
Sitting and talking to someone 0 1 2 3
Sitting quietly after lunch (with no alcohol) 0 1 2 3
In a car, while stopped in traffic 0 1 2 E.|
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APPENDIX C: PITTSBURGH SLEEP QUALITY INDEX

Instructions:
Thefollowing questiongelateto your usualsleephabitsduringthe pastmonthonly.
Your answershouldindicatethe mostaccurateeply for the majority of daysandnights
in the pastmonth.Pleaseanswerall questions.
During the pastmonth,
1. Whenhaveyou usuallygoneto bed?
2. How long (minutes)hasit takenyou to fall asleepeachnight?
3. Whenhaveyou usuallygottenupin themorning?
4. How manyhoursof actualsleepdo you getat night?(This maybedifferent than
thenumberof hoursyou spendn bed)

Not Three or
during Lessthan Onceor more
5. During the pastmonth, how often have thepast  oncea twice a timesa
you had trouble sleepingbecauseyou month (0) week(1) week(2) week(3)

A. Cannotgetto sleepwithin 30 minutes

B. Wakeupin themiddleof thenightor
early

morning

C. Haveto getup to usethe bathroom

D. Cannotbreathecomfortably

E. Coughor snoreloudly

F. Feeltoo cold

G. Feeltoo hot

H. Havebaddreams

|. Havepain

J. Otherreason(s)pleasedescribe,
including

how oftenyou havehadtroublesleeping

becaus®f this reason(s):

6. During the pastmonth, how often have
you taken medicine (prescribedori o v e r
thec o u n ttaehelpypu sleep?

7.During the pastmonth, how often have
you had trouble staying awakewhile

driving, eatingmeals,or engagingin social
activity?

8. During the pastmonth, how much of a
problem hasit beenfor you to keepup
enthusiasmto getthings done?
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Very Fairly Fairly Very Bad
Good(0) Good(1) Bad(2) (3)

9. During the pastmonth, how would you

rate your sleepquality overall?

Form Administration Instructions, References, and Scoring

Form Administration Instructions

The range of values for questions 5 through 10 are all 0 to 3.

Questions 1 through 9 are not allowed to be missing except as noted below. If these questions
are missing then any scores calculated using missing questions are also missing. Thus itis
important to make sure that all questions 1 through 9 have been answered.

In the event that a range is given for an answer (for example, 6 3t@ 6 Oi®written as the answer to
Q2, minutes to fall asleep), split the difference and enter 45.

Reference

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ: The Pittsburgh Sleep Quality Index:
A new instrument for psychiatric practice and research. Psychiatry Research 28:193-213, 1989.

Scores i reportable in publications

On May 20, 2005, on the instruction of Dr. Daniel J. Buysse, the scoring of the PSQI was
changed to set the score for Q5J to 0 if either the comment or the value was missing. This may
reduce the DISTB score by 1 point and the PSQI Total Score by 1 point.

PSQIDURAT DURATION OF SLEEP
IF Q4 > 7, THEN set value to 0
IF Q4 <7and > 6, THEN set value to 1
IF Q4 <6 and > 5, THEN set value to 2
IF Q4 <5, THEN set value to 3
Minimum Score = 0 (better); Maximum Score = 3 (worse)

PSQIDISTB SLEEP DISTURBANCE
IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF Q5JCOM
is null or Q5j is null, set the value of Q5j to 0) = 0, THEN set value to O

IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF Q5JCOM
is null or Q5j is null, set the value of Q5jto 0) > 1 and <9, THEN set
value to 1

IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF Q5JCOM
is null or Q5j is null, set the value of Q5jto 0) > 9 and < 18, THEN set
value to 2

IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF Q5JCOM
is null or Q5j is null, set the value of Q5j to 0) > 18, THEN set value to 3

Minimum Score = 0 (better); Maximum Score = 3 (worse)
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PSQILATEN

PSQIDAYDYS

PSQIHSE

PSQISLPQUAL

PSQIMEDS

PSQI

Q3

SLEEP LATENCY

First, recode Q2 into Q2new thusly:

IF Q2 > 0 and < 15, THEN set value of Q2new to 0
IF Q2 > 15 and < 30, THEN set value of Q2new to 1
IF Q2 > 30 and < 60, THEN set value of Q2new to 2
IF Q2 > 60, THEN set value of Q2new to 3

Next

IF Q5a + Q2new = 0, THEN set value to 0

IF Q5a + Q2new > 1 and < 2, THEN set value to 1
IF Q5a + Q2new > 3 and < 4, THEN set value to 2
IF Q5a + Q2new > 5 and < 6, THEN set value to 3

Minimum Score = 0 (better); Maximum Score = 3 (worse)

DAY DYSFUNCTION DUE TO SLEEPINESS

IFQ8 + Q9 =0, THEN set value to 0

IFQ8 +Q9>1and<2, THEN setvalueto 1

IF Q8 + Q9 > 3 and < 4, THEN set value to 2

IFQ8 + Q9 >5 and <6, THEN set value to 3

Minimum Score = 0 (better); Maximum Score = 3 (worse)

SLEEP EFFICIENCY
Diffsec = Difference in seconds between day and time of day Q1 and day

Diffhour = Absolute value of diffsec / 3600
newtib =IF diffhour > 24, then newtib = diffhour i 24
IF diffhour < 24, THEN newtib = diffhour
(NOTE, THE ABOVE JUST CALCULATES THE HOURS BETWEEN
GNT (Q1) AND GMT (Q3))
tmphse = (Q4 / newtib) * 100

IF tmphse > 85, THEN set value to 0

IF tmphse < 85 and > 75, THEN set value to 1

IF tmphse < 75 and > 65, THEN set value to 2

IF tmphse < 65, THEN set value to 3

Minimum Score = 0 (better); Maximum Score = 3 (worse)

OVERALL SLEEP QUALITY
Q6

Minimum Score = 0 (better); Maximum Score = 3 (worse)

NEED MEDS TO SLEEP
Q7

Minimum Score = 0 (better); Maximum Score = 3 (worse)

TOTAL

DURAT + DISTB + LATEN + DAYDYS + HSE + SLPQUAL + MEDS

Minimum Score = 0 (better); Maximum Score = 21 (worse)

Interpretation: TOTAL < 5 associated with good sleep quality
TOTAL > 5 associated with poor sleep quality

45



APPENDIX D: WAIS-IV VISUAL PUZZLES
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APPENDIX E: WAIS-IV DIGIT SPAN

3. Digit Span
Start

Discontinue
Ages 16-90: ard: After scores of 0on both trials ~ {//
Forward: Item 1 of an item e
Backward: Sample Item, Backward: After scores of 0 on both trials
then Item 1 of an item
Sequencing: Sample Item, uencing: After scores of 0 on both trials
then Item 1 gf‘:n item " s
Forward
f |
| item | Trial Response

=P 1.

2,8

[ WAN-]
|
W
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APPENDIX F: WAIS-IV SIMILARITIES

el
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APPENDIX G: MINDFUL ATTENTION AWARENESS SCALE

Day-to-Day Experiences

Instructions: Below is a collection of statements about your everyday experience. Using the
1-6 scale below, please indicate how frequently or infrequently you currently have each
experience. Please answer according to what really reflects your experience rather than
what you think your experience should be. Please treat each item separately from every
other item.

1 2 3 1 5 6
Almost Very Somewhat Somewhat Very Almost
Always Frequently Frequently Infrequently Infrequently Never

I could be experiencing some emotion and not be conscious of
it until some time later. 1 2 3 4 5 6

I break or spill things because of carelessness, not paying

attention, or thinking of something else. 1 2 3 4 5 6
I find it difficult to stay focused on what’s happening in the

present. 1 2 3 4 5 6
I tend to walk quickly to get where I’m going without paying

attention to what I experience along the way. 1 2 3 4 5 6
I tend not to notice feelings of physical tension or discomfort

until they really grab my attention. 1 2 3 4 5 6
I forget a person’s name almost as soon as I've been told it

for the first tume. 1 2 3 4 5 6
It seems I am “running on automatic,” without much awareness

of what I’'m doing,. 1 2 3 4 5 6
I rush through activities without being really attentive to them. 1 2 3 4 5 6

I get so focused on the goal I want to achieve that I lose touch
with what I'm doing right now to get there. 1 2 3 4 5 6

I do jobs or tasks automatically, without being aware of what

I'm doing. 1 2 3 4 5 6
I find myself listening to someone with one ear, doing

something else at the same time. 1 2 3 4 5 6
I drive places on ‘automatic piot’ and then wonder why I went

there. 1 2 3 4 5 6
I find myself preoccupied with the future or the past. 1 2 3 4 5 6
I find myself doing things without paying attention. 1 2 3 4 5 6
I snack without being aware that 'm eating. 1 2 3 4 5 6
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MAAS Scoring

To score the scale, simply compute a mean of the 15 items. Higher scores reflect higher levels of
dispositional mindfulness.
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APPENDIX H: SURVEY

1. Whatis thehighestlevel of educatioryou fatherhasachieved?

a.

b.

i

No schooling

Somehigh school,nodiploma

High schoolgraduatediplomaor the equivalentEx: GED)
Somecollegecredit,no degree
Trade/technical/vocation&laining

Associatadegree

Bac hedegee 6 s

Ma s t adegrées

Professionatiegree

Doctoratedegree

2. Whatis thehighestlevel of educatioryou motherhasachieved?

a.

b.

No schooling

Somehigh school,nodiploma

High schoolgraduatediplomaor the equivalentEx: GED)
Somecollegecredit,no degree
Trade/technical/vocation#daining

Associatadegree

Bac hedegee 6 s

Ma s t adegrées

Professionatiegree
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j. Doctoratedegree

3. Pleasespecifyyour ethnicorigin:
a. White
b. Hispanic
c. Blackor African American
d. Native American
e. Asianor Pacificlslander
f. Other

4. Doyouhaveanysiblings?
a. Yes
b. No

5. If youansweredi Y ete #1, how many?

6. If youansweredi Y ete #4, pleaseselectyourrelationshipwith your siblings:
a. | amtheoldestsibling
b. 1 amamiddlesibling
c. | amtheyoungessibling
d. I amatwin
7. Areyouanintrovertor anextrovert?
a. Introvert
b. Extrovert
c. 1d o rkidotv

8. Wouldyou consideryourselfsomeonevith a high attentionto detail?

66



a. Yes
b. No
9. Areyou originally from somewhereutsidethe United States?f so,whereare

you from andhow long haveyou lived in the United States?

10. Haveyou travelledoutsideof the United States?f so,how manytimesandto

where?(pleasdist countries)engthof stayand# of visits percountry)

11.Do you speakanylanguagessidefrom English?If so,pleasdist themand
specifyyour proficiency(Elementaryproficiency,Limited working proficiency,
Professionalvorking proficiency,Full professionabroficiency,Native or

bilingual proficiency).
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12.Haveyou had/do you currentlyhavea paidjob?If so,how manyyearsof your
life haveyou been working atleast20 hoursaweek?
a. Yes; years
b. No
13. How oftenyou procrastinat®n assignments?
a. Never
b. AlmostNever
c. Sometimes
d. Somewhabften
e. Very often
14.Rankthefollowing (1-4) by level of importanceor you personally:
______Work/ School
_ Famly
________Travel/ Life Experiences
Friends
15. On averagehow manyhoursaweekdo you spenddoingthefollowing:*

Playingvideogames
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_____WatchingTV
Exercisingon your own (athome,in thegym, outside)
_____ GroupExercise(e.g.yogaclass martialarts,etc.)
Practicingmusicalskills (singingor playing aninstrument)
Performingsomesortof craft (E.g.cooking,sewing,pottery,painting,
etc.)
_____ Studying
Spendingime outside(notincluding exerciseime)
_______Socializing(goingoutor havingpeopleover)
Shopping(onlineor in store)
16. How mucheffort did you put into beingaccurateat the studytask?
a. All my effort
b. A goodamountof effort
c. ltried,butw a s to@cobncernedboutmy performance
d. No effort
17.Did youfeel pressurdo performwell atthis studytask?
a. Yes,alot
b. Some
c. Notreally
d. Notatall
18. Wasit difficult for youto rateyour associatiorconfidencen thefirst (encoding)
partof thestudy?

a. No
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b. Yes
19. Whatinformationwereyou weremostfocusedon rememberingluringthefirst
(encoding)portionof the experiment?
a. TheDutchwordonly
b. TheEnglishword only
c. Theimageonly
d. TheDutchword andits Englishtranslation
e. TheDutchw o r ds8cgiatiorwith theimageonthe screen
f. TheEnglishw o r ds8cgiatiorwith theimageonthescreen
g. TheDutchword andits Englishtranslationrasassociatedavith theimage
20. Wereyou thinking aboutthe imagesduring the secondstudy)sectionof the
experiment?
a. Definitely yes,effortfully
b. Sometimesvhenl sawaword | would think of the picture,but notalways
c. Notatall
21.How difficult did youfind it wasto completethis study?
a. Extremelydifficult
b. Somewhatifficult
c. Neithereasynor difficult
d. Somewhatasy
*Much of the datacollectionfor this studyoccurredn the midstof the COVID-19

pandemicTheinstructionsfor this surveyindicatedthatparticipantsshouldconsidethow
muchtime they spentdoing theseactivitiesprior to lockdown.
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APPENDIX I: CODING SCHEME FOR SURVEY RESULTS

Question Question (ode
What is the highest level of education your father has achieved? PaEdu

What is the highest level of education your mother has achieved? MaEdu

Please specify your ethnic origin: BEhnicity

Do you have any siblings? Sbs

How many siblings do you have?

Please select your relationship with your siblings: SbAge

Are you an introvert or an extrovert? IntOrEx
Would you consider yourself someone with a high attention to detail?  AttnDetail
Have you travelled outside of the United States? Travel

Possible Responses

High school graduate, diploma or the equivalent (Ex GED)
Some college credit, no degree

Trade/ technical/ vocational training

Associate degree

Bachelor@ degree

Master@ degree

Professional degree

Doctorate degree

High school graduate, diploma or the equivalent (Ex: GED)
Some college credit, no degree

Trade/ technical/ vocational training

Associate degree

Bachelor@ degree

Master@ degree

Professional degree

Doctorate degree

Asian

Black or African American
Hispanic

Other

White

No
Yes, (insert # of siblings here)

None

| am the youngest sibling
| am a middle sibling

| am the oldest sibling

I have a twin

Introvert
Extrovert
1 don't know

No
Yes

No

How many times and to where? Please list countries and number of visits per country. Als: Yes, once: a week or less (English speaking)

Where are you from (if not the US)? From
How long have you lived in the US?

Do you speak any languages aside from English? Language
Have you ever had/ do you currently have a paid job? Job

How many years of your life have you been working at least 20 hours a week?

How often do you procrastinate on assignments? Procras
Rank most personally Important: Work/ School ImpWork
Family ImpFam
Friends ImpFrien
Travel/ Life Experiences ImplLife

Yes, once: more than a week (English speaking)

Yes, once: a week or less (non-English speaking)

Yes, once: more than a week (non-English speaking)

Yes, several times: a week or less (English speaking)

Yes, several times: at least one time was more than a week (English speaking)
Yes, several times: a week or less (non-English speaking)

Yes, several times: at least one time was more than a week (non-English speaking)
Yes, at least one time was a month or more (English speaking)

Yes, at least one time was a month or more (non-English speaking)

USA always
Other, 2 years
Other, 4 years
Other, 5 years
Other, 10+ years

No

Yes, 1 elementary proficiency

Yes, 1 working proficiency

Yes, 1 fluent/native

Yes, several with elementary proficiency

Yes, several, with at |east one being working proficiency
Yes, several, with at least one being fluent/ native

No

Yes, less than 1 year
Yes, 1 year

Yes, 2 years

Yes, 3 years

Yes, 4 years

Yes, 6 years

Yes, 10+ years

Never

Sometimes

About half the time
Most of the time
Aways

1,23, 0r4
1,23 0r4
1,23 0r4
1,230r4
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Hours/ week: Playing video games HourGame # #

Watching TV HourTV # #

Exercising alone HourExSolo # #

Group exercise HourGroupEx  # #

Practicing musical skills HourMusic # #

Performing some sort of craft HourQraft # #

Sudying HourStud # #

Qutside time HourOut # #

Socializing HourSocial # #

Shopping HourShop # #

How much effort did you put into being accurate at this study task? TaskEfort No effort 1
I tried, but | wasn't too concerned about my performance 2
A good amount of effort 3
All my effort 4

Did you feel pressure to perform well at this study task? TaskPressure Not at all 1
Not really 2
Some 3
Yes, a lot 4

Wasiit difficult for you to rate your association confidence in the first (er Task®onfRate  No 0
Yes 1

What information were you were most focused on remembering during | TaskFocus The Dutch word and its English translation as associated with the image 1
The Dutch word and its English translation 2
The Dutch word@® association with the image on the screen 3
The English word@ association with the image on the screen 4
The image only 5

Were you thinking about the images during the second (study) section of TaskTestimage Not at all 1
Sometimes when | saw aword | would think of the picture, but not always 2
Definitely yes, effortfully 3

How difficult did you find this study? TaskDifficult Somewhat easy 1
Neither easy nor difficult 2
Somewhat difficult 3
Extremely difficult 4

Note: Therearesomeresponsgossibilitiesin the survey(appendixH) thatarenot coded
here.Thatmeansoneof the participantsselectedhatrespamse.
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APPENDIX J: DESCRIPTIVE STATISTICS

Studypercentfor recallof pairedassociategroup

Mean

Std Dev

Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

Studypercentor categorizatiorgroup

Mean

Std Dev

Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

StudyPercenOverall

Mean

Std Dev

Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

Dual percent

Mean

Std Dev

Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

22.833333
14.491046
2.645691
28.244379
17.422288
30

56.833333
9.0268862
1.6480764
60.204028
53.462639

30

39.833333
20.908508
2.6992768
45.234574
34.432093

60

62.305556
10.117444
1.3061565
64.919169
59.691943

60
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Picturepercent

Mean 52.111111
Std Dev 14.353181
Std Err Mean 1.8529877

Upper 95% Mean 55.818931
Lower 95% Mean 48.403291

N 60
Contextscore

Mean 99.916667

Std Dev 21.691435

Std Err Mean 2.8003522

Upper 95% Mean 105.52016
Lower 95% Mean 94.313175

N 60
Confidencescore

Mean 113.7

Std Dev 23.242495

Std Err Mean 3.0005932

Upper 95% Mean 119.70417
Lower 95% Mean 107.69583

N 60
WAIS-IV visualpuzzlesscores
Mean 13.733333
Std Dev 3.574233
Std Err Mean 0.4614315

Upper 95% Mean 14.656656
Lower 95% Mean 12.810011

N 60
WAIS-IV digit spanscores

Mean 10.833333

Std Dev 2.2636903

Std Err Mean 0.2922412

Upper 95% Mean 11.418107
Lower 95% Mean 10.24856
N 60
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WAIS-IV similaritiesscores

Mean 20.65
Std Dev 3.6998626
Std Err Mean 0.4776502

Upper 95% Mean 21.605776
Lower 95% Mean 19.694224
N 60

EpworthSleepines$calescores

Mean 8.5666667
Std Dev 3.56528297
Std Err Mean 0.4586683

Upper 95% Mean 9.4844599
Lower 95% Mean 7.6488734

N 60
PittsburghSleepQuality Indexscores
Mean 5.1666667
Std Dev 2.2711654
Std Err Mean 0.2932062

Upper 95% Mean 5.7533709
Lower 95% Mean 4.5799624

N 60
Mindful Attention AwarenessScalescores
Mean 4.0134444

Std Dev 0.7047421

Std Err Mean 0.0909818

Upper 95% Mean 4.1954986
Lower 95% Mean 3.8313903
N 60
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Survey:PaEdu

Level Count Prob
1 0.01667
1 0.01667
4 0.06667
1 0.01667
24 0.40000
18 0.30000
4 0.06667
7 0.11667
Total 60 1.00000

O~~~ WMN =

Survey:MaEdu
Level Count Prob

3 0.05000
2 0.03333
2 0.03333
6 0.10000
25 0.41667
13 0.21667
4 0.06667
5 0.08333
60 1.00000

Se~NO AN
o

Survey:Ethnicity

Level Count
Asian 16
Black/ African American 4
Hispanic 3
Other 3
White 34
Total 60
Survey:Sibs
Mean 1.5666667
Std Dev 1.110301
Std Err Mean 0.1433392

Upper 95% Mean 1.8534878
Lower 95% Mean 1.2798455
N 60

Prob

0.26667
0.06667
0.05000
0.05000
0.56667
1.00000

76



Survey:SibAge
Level Count

0 4
1 21
2 8
3 26
4 1
Total 60

Survey:InorEx
Level Count

1 29
2 22
3 9
Total 60
Survey:AttnDetall
Level Count
0 13
1 47
Total 60
Survey:Travel
Level Count
0 3
1 2
2 1
3 3
4 2
5 2
6 2
7 12
8 1
9 3
10 29
Total 60

Prob

0.06667
0.35000
0.13333
0.43333
0.01667
1.00000

Prob

0.48333
0.36667
0.15000
1.00000

Prob

0.21667
0.78333
1.00000

Prob

0.05000
0.03333
0.01667
0.05000
0.03333
0.03333
0.03333
0.20000
0.01667
0.05000
0.48333
1.00000
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Survey:From

Level Count
0 54
2 2
5 1
10 3
Total 60

Survey:Language

Level Count
0 27
1 3
2 8
3 3
4 2
5 5
6 12
Total 60
Survey:Job
Mean
Std Dev

Std Err Mean

Prob

0.90000
0.03333
0.01667
0.05000
1.00000

Prob

0.45000
0.05000
0.13333
0.05000
0.03333
0.08333
0.20000
1.00000

1.3333333
1.7238769
0.2225515

Upper 95% Mean 1.7786579
Lower 95% Mean 0.8880087

N

Survey:Procras

Level Count
0 2
1 24
2 19
3 11
4 4
Total 60

60

Prob

0.03333
0.40000
0.31667
0.18333
0.06667
1.00000
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Survey:ImpWork
Level Count

1 9
2 23
3 18
4 10
Total 60

Survey:ImpFam
Level Count

1 41
2 10
3 4
4 5
Total 60

Survey:ImpFrien
Level Count

1 6
2 21
3 26
4 7
Total 60

Survey:ImpLife
Level Count

1 4
2 6
3 12
4 38
Total 60

Survey:HourGame
Mean

Std Dev

Std Err Mean

Prob

0.15000
0.38333
0.30000
0.16667
1.00000

Prob

0.68333
0.16667
0.06667
0.08333
1.00000

Prob

0.10000
0.35000
0.43333
0.11667
1.00000

Prob

0.06667
0.10000
0.20000
0.63333
1.00000

3.7833333
6.8694649
0.8868441

Upper 95% Mean 5.5579043
Lower 95% Mean 2.0087624

N

60
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Survey:HourTV
Mean
Std Dev
Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

Survey:HourExSolo
Mean
Std Dev
Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

Survey:HourGroupEx

Mean

Std Dev

Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

Survey:HourMusic
Mean
Std Dev
Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

Survey:HourCraft
Mean
Std Dev
Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

6.4666667
6.3123948
0.8149267
8.0973311
4.8360022

60

5.0833333
3.7019998
0.4779261
6.0396613
4.1270054

60

1.8
3.7857897
0.4887433
2.7779732
0.8220268

60

0.6333333
1.1784314
0.1521348
0.9377544
0.3289122

60

3.0333333
4.5285036
0.5846273
4.2031699
1.8634968

60
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Survey:HourStud
Mean

Std Dev

Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

Survey:HourOut
Mean

Std Dev

Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

Survey:HourSocial
Mean

Std Dev

Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

Survey:HourShop
Mean
Std Dev
Std Err Mean
Upper 95% Mean
Lower 95% Mean
N

Survey:TaskEffort
Level
No effort

| tried, but | wasn't too concerned about my performance

17.333333
8.9776873
1.1590145
19.652516
15.014151

60

5.8333333
5.3966929
0.6967101
7.2274469
4.4392197

60

9.4
6.7552867
0.8721038
11.145076
7.6549244

60

1.3666667
1.7847439
0.2304094
1.8277149
0.9056184

60

A good amount of effort

All my effort
Total

Count

—

13
33
13
60

Prob

0.01667
0.21667
0.55000
0.21667
1.00000



Survey:TaskPressure
Level Count Prob

1 1 0.01667
2 21 0.35000
3 34 0.56667
4 4 0.06667
Total 60 1.00000
Survey:TaskConfRate
Level Count Prob
0 13 0.21667
1 47 0.78333
Total 60 1.00000
Survey:TaskFocus

Level

Dutch word + English translation + image
Dutch word + English translation

Dutch word + image

English translation + image

image only
Total

Survey:TaskTestimage
Level Count Prob

1 7 0.11667
2 48 0.80000
3 5 0.08333
Total 60 1.00000
Survey:TaskDifficult

Level Count Prob
1 3 0.05000
2 10 0.16667
3 43 0.71667
4 4 0.06667
Total 60 1.00000
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Count

8
21
1
29
1
60

Prob
0.13333
0.35000
0.01667
0.48333
0.01667
1.00000



APPENDIX K: ANOVAS

Oneway ANOVA for line of fit betweercontextscoreandpicturepercent

v Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio
Model 1 26519.707 26519.7 1239.562
Error 58 1240.876 21.4 Prob>F
C. Total 59 27760.583

Oneway ANOVA for studypercenigroupedby condition
v Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob>F
Condition 1 17340.000 17340.0 118.9810
Error 58 8452.778 145.7
C. Total 59 25792.778

Oneway ANOVA for contextscoregroupedby condition
v Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob>F
Condition 1 312.817 312.817 0.6610 0.4195
Error 58 27447.767 473.237
C. Total 59 27760.583

Oneway ANOVA for dualpercenigroupedby condition
r Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob>F
Condition 1 5.6019 5.602 0.0538 0.8173
Error 58 6033.7963 104.031
C. Total 59 6039.3981
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Oneway ANOVA for picturepercenigroupedby condition

 Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob>F
Condition 1 253.519 253.519 1.2355 0.2709
Error 58 11901.296 205.195
C. Total 59 12154.815

Oneway ANOVA for line of fit betweercontextscoreandstudypercent

v Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio
Model 1 3542.762 3542.76 8.4847
Error 58 24217.822 417.55 Prob>F
C. Total 59 27760.583

Oneway ANOVA for line of fit betweerpicturepercentandstudypercent

" Analysis of Variance

Sum of
Source DF Squares
Model 1 1606.844
Error 58 10547.970
C. Total 59 12154.815

Mean Square F Ratio

1606.84 8.8355
181.86 Prob>F

Oneway ANOVA for line of fit betweerdual percentandstudypercent

r Analysis of Variance

Sum of
Source DF Squares
Model 1 362.1755
Error 58 5677.2226
C. Total 59 6039.3981

Mean Square F Ratio

362.176 3.7001
97.883 Prob>F
0.0593
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Oneway ANOVA for line of fit betweerncontextscoreandconfidencescore

v Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio
Model 1 4475.543 4475.54 11.1480
Error 58 23285.040 401.47 Prob>F
C. Total 59 27760.583

Oneway ANOVA for line of fit betweermpicturepercentandconfidencescore

» Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio
Model 1 2021.235 2021.24 11.5686
Error 58 10133.579 174.72 Prob>F
C. Total 59 12154.815

Oneway ANOVA for line of fit betweerdualpercentandconfidencescore

» Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio
Model 1 465.8200 465.820 4.8474
Error 58 5573.5782 96.096 Prob>F
C. Total 59 6039.3981 0.0317*

Oneway ANOVA for contextscoregroupedby taskeffort response
* Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob>F
TaskEffort 3 3840.346 1280.12 2.9969 0.0382*
Error 56 23920.238 427.15
C. Total 59 27760.583
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Oneway ANOVA for picturepercentgroupedby taskeffort response
" Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob>F
TaskEffort 3 1588.834 529.611 2.8070 0.0478"
Error 56 10565.980 188.678
C. Total 59 12154.815

Oneway ANOVA for dualpercenigroupedoby taskeffort response
" Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob>F
TaskEffort 3 761.6851 253.895 2.6940 0.0547
Error 56 5277.7130 94.245
C. Total 59 6039.3981

Oneway ANOVA for contextscoregroupedoy taskfocusresponse
" Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob>F
TaskFocus 4 5125.963 1281.49 3.1139 0.0222*
Error 55 22634.620 411.54
C. Total 59 27760.583

Oneway ANOVA for picturepercenigroupedby taskfocusresponse
* Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob>F
TaskFocus 4 2228.775 557.194 3.0874 0.0230"
Error 55 9926.039 180.473
C. Total 59 12154.815

Oneway ANOVA for dualpercenfgroupedby taskfocusresponse
r Analysis of Variance

Sum of
Source DF Squares Mean Square F Ratio Prob>F
TaskFocus 4 787.4876 196.872 2.0617 0.0984
Error 55 5251.9106 95.489
C. Total 59 6039.3981
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