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Abstract
Three experiments explored whether Need for C
associated with drawing, generating, and prod
undergraduate students studied aehcsdiafj word
strategy, followed by a free recall teyt. Exp
drawing andbwhetonher |l haEkperi ment 2, partici

from a detfyemihtei @on h&md hian fEx prerniathdmnyt 3, parti ci

words aloud while studying, and read the rema
replicated the memory benefits associated wit
productioneeff bdetter recall fbuamMtFlde nnootr e el a

significantly predict the magnitude of these

These findings suggest that these encoding st
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General Summary
People often use study strategies to help the
creating study materi al , Titad |r-esddallmlgi saH eedi dt, a g los
have been shown.tdhempresenmemrepgriaments inve
individodensy to(eajbgdt iNe&dvmsorasCGmogn iatt iean avi
well these ismprdyv edfroad resgaioghs reeret isdiupdd/rots.t rTahlt e g i
l earning awelmesp| orf e dveop ebrsapheerei endernatwer hnigl ¢ st udyi n
2) guetsdyngmaomrhluresadi ng al Add ewhiplae tstcugpyin
finished their rebepgctompl|l emeedmeaga yuarse&k st foainra i M e
Cognilt ifoonunede d hfadr #C ag miotti mamppear to have a def
t heef f e c toifv eanneys tsaddt yit dntee gi es, suggesting that t he

regardl ess of onedbs tendency to enjoy thinkin



Acknowl edgement s

|l would first |Iike to thank Dr. Katuppeeh Hour
throughout this projecat.lsdippeoud simiaytso@e | m&kmb ¢ ro:
Jonat han Fawcett afnddroDhei Heomihlhe Whtt ateisotnas al ar
wel | &e atdlveicre dur i ng .Theaenk é¢wsetewtd errtos esfs t he

Met acogni tNeuwr dathg «ERE ALEd ,alfwarys fostering a
of s uQutosritde lofwduwhled |tatbgaon k| mkef t oe rKlagd ea rBda rftd mit
Yi mi ao ZhaoAl NamahYiPek, ea(nads Jwenlalt haasn Byiiscckui t |, L
Thankf oyroual | of your war nmtohu aanl d chaerl ep eddu rkienegp tnh
water during long data collecti®Binndlaww,uaddlI| ek

tgive sphposn&@mpal parents, James and Joyce Yick, f



Tabl e of Content s

N o = S S~ Y o OSSP i
(o o T =T G- T N U o 1 a1 T U Lo
T A o T SO O o O T U PPPPUPURPTT A I
Li St Ol a b e S VA B
Li St  0Of ApP el il S e I X
Chapter 1: Lt r.0.duU.Cl i Qe 1
Need f or . ..CO. g l b 0 e 4
The Construct..and..Scal. e ... 4
Il n What Other Ways Do Mi.s.er.s...Di.f.f.er...f.86 om Coc
El aborative Encoding and..Level.s...of..Rr.ocessin:
Need for Cogniti o.n..i.n..Memo.r.y..Res.ear.clil
The Dr awi.ng. .. .El fe il 16
Why do we see a..Dr.awi.ng. . Eff.ecl. 2. ... 17
El aborative En.cadi.ng..i.n..Drawi.ng........ 18
The Gener at..on. . Ef .l e.Cl s 19

Why do we see a..Gener.at..an. . . Ef.f.ect.2...20
El aborative Enc.odi.ng..i.n..Gene.r.at..o.n....21
The Product.i.on. . Ef.f e.Cl e, 22

Why do we see a..PRr.oduc.t..an. . . Ef.f.ect.2...23

El aborative Enc.od.i.ng..i.n..Rr.aduc.t.i.on....25

Present ReS.E.aA. .Ch e 27
Chapter 2: EX.peri.mel o . L .. 31
Y S T T o PP 32
= U S A O o O o 0 T o 0 S P PURUPPORPPRR 32
Ma T @ Ll @l S s 32
e S T o = 10 o B O (= PSP PPPPPPRPP 34
R B S ULt S e e 36
Stati stical .  Anal Y .S 8.8 e 36
Recall Test.. . RPelrf orman.C .. 36

I nfluence of NFC o.n..Memo.r.y...Rer.f.or.mang§&
EXpPpl or at oy ANl Y. S . S e 40



[ I T o U IR T U o T 4 VTP ORY 41

Chapter 3: EXperl.mel.l . . 2. e 4 2
Y= S 0 T o T o PP PP PP PP PP 4 3
= O S O o O = U o 0 SO S PRSP PPPPPPPPPPPPPP 43
Ma T 8 Ll @l S 4.3

e S T o = 10 o O = PR PPPPPRRPPRPP 4 4
TS 1 O O~ PSP RTRRS 45
Encoding I nt.er.v.al.. . Anal. y.S. .S e 45
Recall Test..Rerf onmMancCe. . .. 46

I nfluence of NFC o.n..Memo.r.y..RPer.f.or.mandgég
EXpl orat on.y. . . An.al Y. S .S e 49

D T o U 1~ Y o o SRS 50
Chapter 4: EX.perl.meil . 3. 51
1 S T o T o PP 52
= O S S O o O = U o 0 SO S PRSP PPPPPPPPPPPPPPP 52

AV = O = A - T SO TTSPPPPPPPPPPPPPPRS 53

e S o T o = 10 o I O - PP PPUUPPPPPPPPR 53
ST I O OO~ PP 54
Recall Test..Rerf.ornmancC.e .. ... 54

I nfluence of NFC o.n..Memo.r.y..Rer.f.ormansdeé
EXpl or at oy . ANl Y S .S e 57

D T o U 1~ o o RS 57
Chapter 5: Gener.al... DS LS. Sl e O M 58
O T o 0 T = O O o N o O S 6 6
FUt uUr e D . Cl i QS i iiiiiieeee s ennnsserenre e eeeeeee ] 6 6
(@0 T T o I 1 S Y o 1 o PR 6 7
[ I T G o R o = O SRS 6 8



List of Figures

igure 1 Exampl Expér Emendi hig Trials for 35
igurSe a2terplot of the Relationship Betwe&® Drawi
i gurEx a3npl e of Encoding Trials for Experi@mé&nt 2
igurSeadterplot of the Relationship Betwed® Gener

i gurex ampl e of Encoding Trials for Experi mdent 3

gurSea@terplot of the Relationship Betwed&® Produ



List of Tabl es

Tabl ®de&cri pti ve &t8atainsdt iVevd f dSrc oNFeG 38

Tabl ®e&8cri ptive Statils&8 iScsorfeosr Col | apsed MNFC



List of Appendices

Appendi x A Et hics Approval Letter 80

Append&ixi Bul i List, Demographic Questions,8land Me.



Chapter 1: I ntroducti on

Whet her one 1 s amnhtemptomenye mo@ ryeiepdg cfadre a f i r
exagt,usdyr anegi Esequenhkey pempllon etéheds @raarbc,h rh as
s hownc rtenaattiundgy (nhateer i a%el naemméactikbaoanf),, rleQa/dBi ng st ud)y
al oiude. , pMeacdluecad oejtanalk et chOMhG a tr@eresentatio
remember @d ewqr \Wmmaneisn ge;t)aa ket ;ad RO di6baetmleyf i t
me moMgr eodvidrf,er ences in memory perfaeaemamace app
per sona.Fiotry i nshdeatrBoineg, dieg va r d c agneiwoe & of fi ve |
t r aOptesnneEs pet cConsej entkx ouaswnkgsrse,eoanh|l eness, and
Neurot(Caes tsMx Gr ae),Wiltohdiz2n t hi 9 efnrmeaeBespvatrok e n ©e
di f f erienntteilalteacsti ucaulsLagyndr € e eaplt @ vferaoun i noaurse,
wi t hdr awn .donndcievrind unagldsme mwhoog [sscior e hi gh i n Open
Experalesis@wet end to show ggheaeatéehosecwit hpkofver me
(Pinard et dlet, & B23;t hDawslke, 2Bud;t dTcweglonpnt et
perforhmeeaere ewipt bBeiegd gré veo n a,lt ihtey et h arisd syeeatr ctho b
concerning the memaetnadonbéar pi bdit wedowah dsf Neeée
for Cogni,tioon hoNWF@uch OArse sauicghopseskrnbhki hgsi s
expl oreswhetmeopl e benefgeanemoatei fg,o ma ndd apwi ondgy, €
compari somadsed odehedlsedr f or Co.gni ti on ( NFC)

Need for Cognition (NFC) is an individual
enjoys and engages in thinking (Cacioppo & Pe
thinking and cognitiveNEGatbengespamotrgeotBan t

di fferingatithi,tcurbiibgéhta wheFC oiwndi vi dual s al so di ff



intrinsic and Amabinsi ¢ maive lplad HDdABIMGit yd e
(Ei genberger et al ., 2006 abEl phiyngtBeneoats kgl &,
Heppner et Qfl .p,arlt983u)l ar rel evance-NFE&€r this th
i ndi vi durad aoltrlend haeNFICh eion NC ewipapge et al ., 19
201Slojubel et & SWdatheornu s& ,L)dDilMg, 2015

How does NFC relate to recall tpleatf otrhmmnce?
inclination and positive opini oanl Staccwal ridt atthees aa
relationship betweénabbdrmasad,@iearnpdo meelmotryy tprearifto,r m
Specifically, the attention toward an itemds |
known as enadbddodirfaddabwoecaotdiawegbeen shown to i ncreé
performance when compared tob asmettysfortuannigt
the shape of a wordés font or whethe®)it cont
Hi eNWwC i ndividuals appear to spontaneously eng
encoding co-Mp&redunbelrpawrts (Leding, 2011; Wo
Speci fNIF€Calhlagx amensd oiowmiatth per f or maRoed-iignert he
Mc Der mott ( DRy apamadi2@® 6 ; Leding, .Ramét yWoot
the DRM praeadfiigbnse memory suscepti bid9%3y (Roed
Participants are showasal Vemalrsfee dvprad)$ @tnhgt harn
criticalnoptuees ¢ ebdetc)tToren when they are tested

participants tend dtoudiaed el iyAsr esalcrhlt,u ittéhaet DtRhVEe yp

canamere bothmdmarey rfecraltthe studied | ist 1 tems
the cri tFiad sle Ireercad ). i s thought to increase wh
in semantic processing, as they are then more



while studyi(n@altlhoe & iRoddndghhgf Srtpa20@02) pants have
demonstrated higher ratedDRM plotaldedgrmueg, a2@11fa
Wootan & LeAssudle,d2hh5)andugaglelseadgbhadF®ecause h
indi vi dedlf sotrieifnmoynegtthlreaiNF Cowo u ntthea e ritissgrhe i n N
al mor e | véa&llydoanosdlidyteermeanwhmegn attempting to men
inclination toward dgeparemedfcesmamget hen | ea

Al t hough it has been shown that NFC i mpact
whet her or not this peil sdiifaleittiyw etnedsisd ywifn fvlaurea o
stratTeongf € ctoibvteundeys a{ egges drawing; i aesmmes oY
compameimmogr y performawocentodlagiognditions. One
parti ci paanntass tti sweelesge/r gw) whil e studying a give
Meanwhil e, the other clamsdciethioeithygpisdalaltyygyons

wr i ti robga.sedlbinndei t i onc opmmpoavriadk e svime meryp up er odr mance

cotr atshmnregnoni ¢ outcomee ahdt bhasel i ne encoding
generally semesmdmhyatstthat eagy i vwet perTfharsms t he b
di fference in memory performance between the

memory benefit of the active encoding strateg

Consequbns| yhesiex aanimse whet dthiefrf @ madligvoi @ | s
experience dmddrirtenmchemofi wt hdreef i tvsa raasastascvieat e d
memory sAs aseghesthe present theshNsFGOvil | first
constwi idt an enmpshasoilse oolmm memory research. Thi s

el aborativd hesmmcolds nait hbpde ¢ eve oilensaishe dr awi ng ef



(Wammes etgerer at2i0dm)ef fect (Sl amecka & Graf,
(MaclLeod eptaraald.i,gn2s0.10)
Need for Cognition
The Comstdr Sctal e

Need for Cogaefieéeiont ¢ Nepwagrdsak e nigefgfcagmtdfou l
t hi nkidred i e@reGtaacti ioprmp o( & TFe tst yh,a sl d82e n de¢fthiamed as
refliedti i dual differences i nSergademant ywi t e
construct classifies indinviisdeurssh® @ameal owni innN
cognj zwhe demonstnrdatve dhuiaghs NWGuLr &lr e nhirgmsi ©eaNF

motivated tfoiinmdgpatniks deaepi gnre niemfexpendinndg he ot h

individuals | ow in NFC are more |ikely to con
and unrewarding. As suchn ptrhoevyi dneady wointlhy eexntgeargn
For instance, in their original study, Caciop

who scordMdChwghe al so ntoorneprleimioalrryc Ition g attaes ka a s

enjoyabl e when compared to individuals who sc
both groups rated the task as mentally effort
The notion that people show individual dif

ori gi nat epsr of@eoshs-sthwuseti ehnesor i es Bét § ydgmieamets.e( 20 0 ¢
t heories posit that there are two ways that p
and decisions, as wel | as when | earning. One
ot her 1 s sl ower, mor ¢ seel Ebamat &kvS&t aandiicht e 2
RegarNFiCng it has beenenthooMn anrhyate x tvidifedna la bisn c e n

individual s are more | ikely .t olhriesl yc aunp obne tsheee n



| oMFC i ndividual € napag mdree ulsiek eolfy stter eotypes
conducting judgments (CarteMeanwhiINEC2DO0OGh Ha
individuals are more |ikely to consider all/l r
(Caci oppo )et sahlowi nlgo83n i nclination toward mor

Cacioppo and Petdwp¢ T h&2 )NFLr cgpinGahkeiwtet al
(1955 jdwhonedédlFfead fio structumeani elgéedwadnt s
i ntegr &ttedswaeygd Ineaed fi o( pnd28éhandet al . bs (19
definditdi et i nvolve a fGarcmad p pnoe aasnodu gRiebtfiti ydl E(CL 9 &
as caltehd oadolnrs ttrhuecitr f i rst experi ment, fthoe auth
represent individuagl saswiwteh | hiagh alse\equlbde goefinit MeC
individual sCawctbppowamN&FCPetty (1982) -tthem gav:
guestionnaintemswictomctelpes@al i zed to represent C
NFC.hparticipants r attehilet te Imes apsoai gng esebnbeknetr {wH 4t h=
very stron4g =agveryesnttrrom® oifsddreeomemngti nal 45
gr o psscsdargens f i c am® 4 yo i ihfEfSedmeadms e éip rsedsogmiten a nt
factor: how much people EGajioyrppo aant eR@mtatgpa ( 1
this factor tshe ucdtdudg idmaddoa ISerbesactgeme hthe ly-r p w
expersi memerapti hems ed their original factor st
introductosy upgsetmoanlsagyat i ng t haata pypreiaw erds ittoy ds
in teeiefs. of NFC

Al t hough NRE sconige sals of 84 mmbe nge russiean mo s
the reviiBdehdS c gNFA@ 8Caci eppal T&h4d4)s. shorter scal e

charact er i zseidnfgdyst colv@atsis@nhee e @M4scal e and asks pa



their agreement wifTlhheks® dit cfmememth o®MB&L0OE ment s
atti(eudasds enough for me that something gets
work)s.as WAIFIC aoe.ebi dhfke to have the responsi b
that requiree Tdhel att adnmotalriecloimm@pealaggpoiabhedLi ker
scale (1 = strongl vy, alitshaogu gehe , p rbia t=8 ss&t & soenbge cyh abhge
origipmalnt9 Li kert scal e 4+ 4= =v evreyr ys tsrtdrrogntgd i asgarger
wasmpl oyed-ihyem WN&C34&cal e

Regarding psychlene NIRBC cdh apsr aeemotnisda g,atted hi gh
consi svi € hcypasfti nrdeisnegarGrhonbachGaciabppasetabale,
Cacioppo et al .oM €l 9@dbBd gdromhaxp/lietwgbi enpported t
consi st encly8 0 fHwitstreen YN FHORPREOg p onagtr onbaclmds al pha
. 889, a McDbobahHdH: 886megad ahiMeDaomfah.idth&b omega
addition to its inheaeas nal 9oddads tewrees nicapd it Ihihtey s ¢ a
Sadowski and Gul gerzet(elsdt9 3c)o rfrienlgla tivigd dae yhfeasnt8 8
Hughe&90D20) reporti 8® Mo rceoorvredrla tticheengNoFbGil bi t e d
measuremenishowianmg amaea esi gni fgemdhaer darmdieasgaeaces
(Cacioppo et &I Hugh®®£2;,0 Hussey
Il n What Ot MéseWayDiCRdarzer s?

The NFC construct can be furthmeasxmpdesi ned
i nst andNdé&,C a epraetsteinttusd eo naendds tihnicnikihiinagdi e hduawar d
di ffersemebsavadi atmi omg$ or ma ta nodn pprsoobcleaesms g n g
prefefFemncestshteanEcpeé,st emi ¢ Preference I ndicator

styl es: Adef ault positionodo and Aintellective



2017Mhe fAdef ausl td epfoisnietdi ocdn®oroag npsrterfaetreegnicees t hat r ¢
mi ni maleeff or,wk utthees tiiicnst)el | ecti ve positiono re
del i bpratessing when it comes t o NF@ orkd tnrgu atn,d
NFC scomesilgavéi cant posscarievsdi ifmodgriedttiheccnt $ viep pwis
th®(Ei genberger et al ., QdmMwer £ lpyh,i nEO® nec ert e
significanttinegsawado wdes cfoamr ettraee fidef aul t positi
high in NFC are more |ikely to prefer elabora
individuals | ow in NFC have a coprgeattd s etegn ceesn c

Il n a simiiIN&IC pairn,j chipglapsert eadgitpeotbetefrdeqgr

sol vi ngt hmabnNFi@ wpeasr { Bergpams&y & Sullivad, 1992;
For i nshteanPcmblvemg | nventory (PSI-3o0oliswi mgmalisluir
and style, with high scores classifying indiyv

198R¢ppner Pftoam d ntdi W Ha adlsiog ke diwre r ¢Fm@ F & 0

| i keslcyorteo hi gherSwlinvinmg! IPo wiipeemieidv i dsucad rse dvh o

l ow i.LiRKEWi se, | ow NFC scores have been assoc

probl ems arakidgci(Biearreonsky & Sullivan, 1992).
NFC also has a positivButretathenshhanwNEG

measuring cognitive ability, 1t is instead th

often rewarded facioppongethaebte,skilBPbB6) sugges

receive both soci al reinforcement and constru

i n cogniTthevsee srkewdrsds t hen foster an i ntrinsioc

defines NFC (Cacitohpep ootehteralh.andl996n)di vOndual s w

intelligence measures may struggle more with



engagement and enjoyment (Caci €Cmago optpoaland PP
(1982) originally found that i aArdeipvoirdtuead sA neirtihc
Coll ege Testing Pr ogr aNiF (E xcaomu nstceorrpeasr ttsh,a na tfhienid
been replicated in LatéPw8hAesOasoh e€€Caaioppadaosd
Additionally, Hill et al. (2013) found that N
Il ntelligence SAdVvVvanaad PhegRassen®s Matrices.
People who are high -NRCNF@davsdudl 6f wrthro
mot i viant iocotnh e rNagmel &€ corr el attelsatwi mdna ol fmesi cs c al
moti vAmabnl ¢ et al ., )IPo9r4 ;i nGsltsaennc ee,t Aanmta.b,i |1e9 8edt
admi ni stered the WOWPIPrefhemeaserkenovoénbotynm in
moti vatiinormddi ti on to aBheéysndgyrdrattitdicp pratnd swwh
scored |l,owm hanye Nafl€do t onscatei hawd mogihvani extr
motivation. The iIinva&lfFfe pawasicopmactfsor wihdé R g
intrinsically motivated rather than fueled by
Finally, in Iine with NFC capturinhgi gagh t end
NFC scores do not appear to beN&€sosi abéed wit
significantly cor(rCealcatogpd owi&ll tPeitasyia | d®BiROL Y si g
correlated with the tendency to expe&liitdédnce in
anger (Olson et al., 1984), nor is it signifi
soci al beh-But barf ( 8odt &r Boelbdeveép®90)t does ap
a significant negative relationship with both
reporting that as NFC score3ranctrPassdnabnkye

decr eSasmeid.arl y,-amargsientbmeZarna et al . (2024)



negati ve r el atoinosncs hoiupd oAEtEh |1 snedibf@ii dg ammer e | i kel
demonstcahgecselsnesdNFChaounherpahtgh

I n sum, NFC represents amadw emwahyi mmrge i exn jcoymp
cognitivAstas&b, it i s wunsurprising that indi"
hi gbegni ti vie¢ halsi conisé¢suct is positively corre
processiEng esntbyelrggser et al ., )p0rOoGbd ecBEwphignabohet
Berzonsky & Sullivan),198d; i Aepphe Caat aoaypipmodi t
et al ., 1984, Hi Ll @&a9©84d4l . PeR0le3speo ODhesvmeset 18PD6
rel atscorudhdi pccur foeombetawthdprtar @t b © okgyn Gxe
more |d&eélyopoan intrinsi oumottiov aithnefo osroecé nae nm o el
cognathveve&€mentoppo et al ., 1996). Conversely,
with cognitieel tmekes mé gdti velAyn oa bhoeuwt fcaocmpolre x
inherent | evels ofimdtvivdtuabs.moirgeh apppall & i &chad
mot i vathed rt hvaonr K-RECr c 6 o wAmea tpialre set( al ., 1994,
198BMs such, it is -NHFGoi mbiswiidd el ¢ harte hnegrhe | i k
moti vati on -NFhCa nc otuhriedert plaoiwit s t hat contri butes tc
feel toward eHRifroaltlfy,l icrodginviitduwanl.s hi gh i n NFC
strong, negiaiitvhedNF&@mo nidowvs dual s being moere |ik
consciousnesdFChaounherpahtgh (Ol sen et al ., 1
El aborative Encoding and Levels of Processing

|l ndi vidual s high i n NFC have al so demonstr
NFC counterparts (LedingElabditatWoetamcddLladi |

el aborative rehear siasl gaennde rraelflltayt ii dodnfiain iy er de haesatr sval



be emembered items mean and how theydre relate
alreadyp.k nogwos bergn Q@OA &) aborrdd,i ve drmd onkiimg i1
about the meani ongeotfia areegmedmlrers sietmgas he meanin
materi al and thinking about how it relates to
mor e than | uspterfcodfopetaiammge ® noft htehe i tem i tself |
Hyde & Jenkins, 1969E| &b aemedcikkeshie &g Ga arft, r alHOt7xB ) me
rehearsal, where onbeg smenplsdg i dnaiCtulsest omo r rhec ttior
any prior knowledge (Baddeley et al., 2020; R

El aborative encoddep prdoadesaceixagomwline asf s e man
procéessDengp procevs sihrmad | oowvntprastessi ng, which r
the spercdtc dpetanaulr es( sdchanag ttehme way the | etters
the wordasdemds$s han the itembébs meaning or its
As such, the |l eveluggteftatsrodeep sp Nngd ¢ Joméymegr vy e S U |
t r awietsh mor e r et r itelveall ickueelsi,h G onecirkefadsribnpge A B i7 @ h .

For i nCsrtaarkcea,nd Tulving (1975) showed that
incident al | earning i mpact memory. Specifical
without being told they wesrkepdi cidodaesnenmdbeyi akpe
various ways. They were asked to either indic
| owercase font, whether the words rhymed with
words by confirming icef. tdhne yardidgsad |li ntt e@s ta, gp arretni ¢
remembered the most words when they paid atte
initial exposure phase. Il n ot her words, part.

when they engaged iodidergpepapedcéssmogpsashahnt

10



such, this difference in memodyemer &nd mahakl b
processed items is known as the |l evels of pro

Il n other woedsopidaerh gtbloe ad a vacbhiengme mber ed it e
with pri oih a&snobv end gsehown (tCo abh &kn &f iTul mée mgry 197!
Jenkins, 1969; Sl ameickaelRalComati W& 78ncoding i
memory pea$bemanassombati 0onstecanaibltietuaetse a gr ec
of | ate(rCreaitk i &vEadAK hwirltl, H&O 7Ri)scussed in the
has been associated with the tendency to enga
& Leding, 2015), |l eading ¢tNd Cgri enadti evri druead asl |I( Cmec
1983; 2@d1ngSoubelet & Salthouse, 2010; Woot ar
Need for Cognition in Memory Research

Al t hough NFC has aintds drexakssreaggn@eaj ckdgmehi s i n:
di fference has also beéds exphopredvinamembudi e
hi gF C anNFCoiwndi vi dual s al so diFbf el mpsetogprieceal |
high in NFC have been found tatied Tlaccxaunpmpe i n
al .1988amely, Cacihagdp @ aeattd Z6Woa(ndt BS8Bi)t or i al s t h
cont aimdeér strong or we@k!| atrigame .ntt Be @damwnding € x a
stremarthi,ci paohisgmwhion NgFiCg miefmad a&retdify t he ar gume
t hei-NFCowounSiemiplhanildyw s h and oNiondl ntdhi2zaiodyal s who
wee highecmlMNE@A morceo mpiag cas NabfCtticeexutn t eowar t s

Thisnding that high NFC is related to bett
beyond editor i log.h Fcerl tiirest amakeudc it bad ws KR 012

that individuals hetgtein na eNee&t tdie dnomigetmm actoan adrl esd
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t b

de

P a

t h

Th

el

cr

i n

o-MFC counMcerrepaRedrd,. et falund( 1 9h&K3F) t hose who sc

monshkhataheeadt er readi ng ecarmdr € hametadggrinaasneddi t h i
mpdhl et

However, a distinct area of memor-y researc
ed-MgPer mDRMJar adarggm a(m, 2006 ; Leding, )X2011; V
e DPDRMadigm is awhalree prmegmorcy ptaamsls are askedo
mantically relrmdreglet apagtpite WWtbe dido { mirtgalt wor d
sociretliavteeldy t o a criti cal l ure thdoclit.®drnever
en asked to report al/l ofcephpei btadtedf wbsdbk
at they remember studying the Onrei teixgd lanlauri e

hi ndhewbeg fal sei membei-msniotva@amii iogh iapcdrsoiutnst t h at
spreadi ng actimamé inanetwyiatnhiisne | aebnocroddtaiowgd it at e
| se memori es(Gaf |l bhé& &p)eNdaingeelhyel @ 0-®& rviatt o roinn g

count suggests that while encoding the targ

COoOmus pr osceensasnitnigc aolfl.$i nebtatkd ctemscal l ur e

ighly related to the target words, associati

e participants are studying the tatgées, co
is can be seen in manipatati esastbéat DRMcbash
aborative semantic processing of DRM |ists
itical l ures (Chan et 1a;l .To@l0i0a& ;e tT haalp.a,r 189 9VE
Studies | ooking at the relationship betwee

di vidual s hmgheihn sNé&IlDarkt o ga g e \c® mpraadheealisrd ion g

| oMFC counSpagiafritcsal | vy, i ndividual ¢ hhingkh aibro uNF

12



the semantic associdurbng eptmpdedFCoeach tar
parti ¢ciopamthnGtachmo®f(iz®BX esti gated the role of NI
paradngmwo eXper iafumeimmdotsn d twiatth §lh®aksely recogr
more criticatl|l dsasieci ¢ aWEGS tth@wengr, t here was r
relationship thrauteweogmi NFOnam&r amhamt @zm@é) wor ds
replichtedinb@i second experi ment

Leding pafldl )Gpeaxhamodsvof ROMdW magt-NRC g h
partidemanstsr atebhitdher amald dlalb @fearledMRE® t heir
count eSrppeacritfbiec aal untgha rpséhilt atent i on as participants
par adingrmddtigsitoinng oparti ci pantNsamecheymonige $ hmubkt |
phase of the DRM paradigm, participgamnaesn i n th
audittaosrky where they had ddd rkemlperts awekr e fp rheosve m
in aamrmdw.ciPants with high NFC falsely-recalle
NFC participants, r e gearrditepstsg dovfe whheetihre rf utlhle yat
encodiomg@pvehdyund tNFaQ phairgiheciepabli € to correc
mor e t artgheatn-NviFdorwpsar t i ctihpeant sciwpants were abl e
attention t.o HohwmeowZBRMghat k c & nu e dwalfsif esteatmc e | n
participants were distract-ddCdpai higciempa@amomtds ngt :
recall ed more critical |l ures with subsequent
retri eNFEC ihn dgihvti allnearles aagportuni ti es to engage
processing.

Wootan and kbBédephbi ¢aoe@hehi smahi pdiaging | e

proceisnsian gDFSNd etcadk cal |l vy, participants were asl

13



words (deepthlyée 9@ words on pleasantsaiteaslsl)owerrd ot |
mannbeyr i(ndi cating whether or not )a Siinvielnart atrog e
Leding, (WXoltldn and Leding (2015) also found hi
NFC individual-FComp aNddneflagl, deowr ecal |l was sigrt
di fferent between NFC | evels when the target

words were de&aericy fcporomapdadrses eF € g o we pNH @ h

group falsely remembered the critical |l ur e mo
proceHsosweedv.er, t he NFC groups did not differ in
deeply Prsocsauxshed Wootan and Leding (2015) posi
be benefiNFiCalpatrailcowants in the sense that it
| oMFC participants iNd-FCmaptach itchptantifsrt reskeisdloh
fael srecall for thialtbodpghi bothAd&Ctgonapbypro
processitnlge NfRfGehptag ,t i ich paompgar i-de@ pvan tisitd ihpgan to:
producetdr nne@cgahldlro rr atoetsh t he deeply pr woesgsed an
Thesasggtelsdat-NRCgpar natupadt¢ gss items in a deeper
fashion regardijpevyvidfedex metirment ems .

As demonstrated in the aforememeimongd | eve
strabanadi 856G/ alreyv dikngottheedeep processing that the
(Wootan & LedMonrge,ov2e0r,5)gi ven that NFC appears
|l evel s of processing mani puwldatviiadmusa, idti frhey emhe
t hbee n eoffi tost hest mestme gypelme r obust metmoadyss glhnecdea i n
gener(@ltamecka &,e@raxft(retn@8R ampr od9@89gbeod et al

2010)and (dWammensgy etl mlt.he 2l0alls,) the effectivenes

14



tested by comparing a strategy in question (e
readTmg9e comparisons have been explored both
participant stuidhyald miexthygr setafdiietdems th an enc
with a baseline task), as wel |If apparbteit aviepain tsu b
items with an encoding strategy and another g

I n additiobet wewinfi @éeihplasgaf at hese tasks havi

recogniti bmmaamdr easwlatlilng i n di f feenperecsean cree pdr ¢
each Récdegniti on involves presenting particip:
studied (Aol do items or Atargetso) alongsi de
(Anewo i tems -newhil acteggtymairbtni coilpdant s are shown

and are taskedhwittelsti mdieenat iam@ wlihiec ones t hat

©
Q
—

ticdeahtitcyh it ems t hey Qaamv earesceolgyn,i zree caasl Ii otl ¢
participants to repor twiwhtbeupnrigetsavns htehseey sctaund yr
items again. I n a cued recall test, participa
cuer an as$sobieatspuidnedr deemso facilitate recal
provides no additionalatilmafl ¢gamadri aoln, tpa rtthiec ipmar
hi gher recognition per f(oWaraknicnes té& aAne drreecsa, | |1 9p7e8
participants are shown ol d and nexwt ecruneasis wi h ha
which to retrieve the study items from memory
| eading to a moeset .diHowecvuert, ntehneo rdye gtr ee t o whi
encoding match the conditions ofiwihteh meemoorryy t
performance increasing as encodi-aagprampr irette i e

processing; aBaddeloegy ;e Hir shman & Bj or k, 1988)

15



Overmelmory perfor madoeamyndreeEbwd#tchgsetzeat eqgi
t o bethrigthdeu Injreecctosgni t aod desweghsulojre dotet wiereene |
desi(gawcett eteranla.n,des0OM=sG Lelo.d, &2 Bkt rCairr .dyy 2017 ;
al ., Rabeots eTfhiad .suRPeEt)s t hat relative proce
role in the effectiseenad soofMctDaas &dbs t&roBteggi, ¢ £
hi ghlights how retihnitewal veet tecdal (i). ent eracag
influence memédsyther tar mant e tnmneesriosn i wi Ible nfed d u ss
drawi ng,n gandr pit i dfurc gtehcemefcoallllowi ng seeti ons wi
partmembay phempomemae an overvi ew nafummiaei z ee x
their relations with el aborative encoding.
The Drawing Effect

The drawing effect i s dtrfaevnnovwemuoaswed dtean e f it
that are asthaseld natWanmds ngtSmdc i, ftiRédalélhy ,gi nal
drawi ng ef f eecqta rptaircaidp agmt s sthkocwsdrtwedsy wdn i Il ies te n@gfa g |
one of two different memory stwae¢egued.t dcodr &\
single picture representing the giweme waskled T
twrite out the given word repeawatsdlsyt.edWhen me
particigdomtsememiedeof mt he words that they had
that they had written. As such, the differenc
words and written words is what is referred t

The drawing effect appears robust across a
et al ., 2018) . For instance, although the ben

witbhiubjects designs, Wammes mrtbatswebd @1 6&) al s

16



experiments as wel | . However, the maghj ecatde o

d e s i Tghni ss.

me moirsy alesne ffiaund both in free recall

recognition test sMo(rWaommeers, leidtermlex pl2drle8d .out si ¢

particularly in | ecture halls (Wammes et al .,
applicability of drawing as an educational st
drawing effect harse noereyn féoermosdacs fernatiedons ( Wamm

and abstract concepts (Roberts & Wammes, 2021

extended

children

event
Why d

Th
mod el
i t ems

combi

dr awi
compo

dr awi

beyond typical undergraduate student

|l earn emtewalconc2®@223) (dmd etde hel p ol de

s (Tran et al ., 2023).

O we see a Drawing Effect?

e main explanatory fr amewonrtke ghreampendd e 0 th €

(Fernandes et al ., 2018). Namely, the a

because this task faci(lii.teatpease ceslaaad dirgat iT

nationtypypes hecappbaeestagresult i n more

mparison to | ess demanding encoding tech

one to thenkulej edtormaiptreasheytt aibtdo wanl ¢ & r «

o engage in motor acfThen,twhphysneahhbhyg ¢

ng,

they have the features of their pict

pporti nftergraafippodnede s can be seen i n studie

ng

with encoding strategies that are tho

nent s. For instance, Wammes et al. (2019

ng,

tracing,ngvisedwidryg, temsé .i Mogile dr awi ng

17



mot oric, and visual components, each of t

aspect s. For instance, the instruction to

componhabBesause participants did not need

he o
tra
t o c

own, thiswagamiiagi n @ stohmgp oemleant o rt aytpiiwcea !l | Ks el i ci

such, drawing while studying was found to ben
tasks, with Wammestengalha(20h®) osegal | combi
components |l ed to more distinctive memories o

Moreover, the el aborative component of the
of paraphrasing definitions (Wammes et al , 2

participants either draw pictur ess e etplree steanrt g ent

items into a more concise phrase. Wammes

the drawn items and the paraphrased items

et a

equ

simidaspiyte the additi omatls pofctamrawilnag,ndi tmoh iog

significance of elaboration in episodic encod

t hat drawing produces mnemonic benefits due,

El aborative Encoding in Drawing

Al t hough the el aborative component of

with other memory strategies, support for

dr aw

t hi

as wel | . For instance, althoucghmn dmreanwirnyg adut pae

to negatively impact sequence memory (Jonker

is due to the enhanced el aborative processing

increase in el abxvesatparet ipaiomxerstsd ntgo cfaoc us

on t

drawn words, this strat egtye ndiassrsuopctisa ttihoen sp rsoucceh
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Additionally, when employed in the DRM paradi
recognition relative to writing (Meade et al
encourages semantic activatilonadtuirvatgi @emg oan d
of the critical lure.
The Generation Effect

The generation effect rfedreddn droattdo ametnorriye
exper i-prenvtiedrfeadr M8t amacka & MGratfherl 9WdBr)ds, par't
to remember materi al clrectatticar ftothtalme mdhelhavsdhand | e
opposed to simpltyo rtbhgalh hg B klpnemsmogsetm egeern.er at i on
expersi,mepnatr t i ci pantas sa&miet emsdodadh (Fsasmweadd/as & Gr a-
19YyBonwodrodhsns( & Swanson, 198)8; oNanhMcMNeasrV{ dé& er
Heal y)l 208 0t y ps whajl e ontiatphtaisd igmmant s-gemer ag lee & atl ¢
stimaobdito simply wheddad tsHieangdayti tnige i-gneanhef rsiaésse | far
acrossbatutheyg, al | a ntvaorlgveeh coceersevavtgentgc ues and
rulFeosr i nsnt arhcee,r Seémmeak apapeuvdghafr (pAf7TB)cCci pa
a stimulus wordwhat theyf shoudaddode egeaéeat e t
respon3$éehéy dawatdérn hei r parrteispiomasretss tdeare rwetree e
wi feh g, -lfdilgawmipdb hi n t he e.agne-dicraupywodoppé¢ei ge fr om
Al esnhgo)r,s yan o n yem gqg-b dis)emoor t hate.rgh yofeeskdevoet h & (
stiumsudrBlut regar dl ersuslpeasf t genpaat sohend t o r eme
generaspdmhaest hewheadtwst es omltlthhe|frs tmednoead/ f

wor(dBertsch et al ., 2007; Mc Curdy et al ., 202(

19



Beyond Sl amecka and Grafds (1978) first ex
strategy, there havetheerki mudme rod ugoeuaecdraguits adtdi a@ o
responBes instance, studies have cued jpartici |
& Mungun, 1993), scimeambétedalanagladg) ( Gmatdh e mat
( Mc Namara & Healy, 2000), and worHowWwefmemotyon
i's testedwiatlls ot veargemser at i ogqinietf if dBetgtgbwttn @(l se er
Hunt & McDaniel, 19938, &3 ameldHk aassh i@m Bdjyoerdk9 (7 8 9
Sl amecka & Grnadf ,f Hle9e7nr8r & c it Dai el |, 1998, Sl amec
Similarly, the generationulejfdée@tct asraudbg leeectd e am@rss
although the effect size -stwehjidsutgspe btei hgarygleat w
generation facilitates mul t(iBdret spcrho ceets saels. ,wh2eC
McCurdy et al ., 2020).

Why do we see a Generation Effect?

Mul ti ple theories have been suggested to h
Concerning tihe maonetmopayrdeh@mant i o ntalceaaimityeet i o n
mul t itfraaxcrmpfparopr i at e prHicreslksmaig &ME@amdy 40O 881 .
202Mc;El roy & S|l @dmeckemah®82)activation theory
memory becausgendedreataics @ @af cis@hges hrough prior
to find what is associated wifTihhishsegianwémccae
then strengthens the memory traceitaHeng t he s
considerati on cofasdsiofcfiearteinotn ss edmuarnitnig encodi ng t
retrieval cues wheSwu pmpeomar yf oirs tlhaet esre naensttiecd .act

seen in how t hhea sg dbreedmait | mena eif i gfcul,bst i mat i f or |
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nonsessimali -wocHdsa¢Mo€@onrdy et al., 2020). Bu:

just one factor ,-apmreopnuildtid agntocegsgiamgfaaccount

processihmadplraovwde ssi ng when it comes taog generat.
McCurdy et al ., 2020;)SMeEi foga&l|l 8§l ambekapyl 198
t hat generati omperchdnacepribatets siitngmaTBhevel | as

benefits that arise doceosnsitmesaeraittiemealti ¢diytpec
memory testappgr.cepr,i atréapeciceresali hyg) .it is thoug
specific processitnudg azidtekaams nf domcfeoinli Agin a r e
such, stupponbdbt i on etnhhaan tgeepneeqiafvicoecsasni nbge s een wh
the generation eff ecdBe gogc ceutr; saHii.m sriie®®a®g & tBij o Kt,
Meanwbnhanced rel ational processing is consid
relationships between the cue and target, as

Tkese stronger miememi es|l abidcdes riecatdl odwone t a
then act as a reminder t oAd asdgidpgiptoartte itnh ef arveocuar
ampl reiadi onal processing is demonstrated in

Hunt & McDankHied shm®&®3P& Bj or k, 19

El aborative Encoding in Generation

As highlighted i n t hletsheo uigthe ng enmeenmoartyi otnh ei onrvi o
activation, it is as$tpecithiovgpteéibEeshmagur& gRj o1
198BNi salclkaen seen i n hownegneonreyr apteirofno rbnoaonsctes whi |
increases in false memory reports. For instan
tasks, generation was found to increase true

memory reports of aaniitcii pahytelsvenvdash.e sidddrfuerliyn,g pt h e
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p h

r e

ase both correctly recalled and recogni zed
ad during enbtedifealy s ed dfvemmoértti jewals legquad bet we
e readdaeaedatdcki.t Asensuch, Soraci -géenafldati(@m®O03)
creases item distinctiveness, resulting in
re gener al gi st trace across both true and
e Production Effect

The produicsi opheemémoty benefit experienced

seiltiennes LeBMd et Falt. i n280a&a@re, participants ter
en the items are read Tahleo ucdl,a srsaitch eprr ot dhuacnt isotn
radigm asks participgaebsihg sdaludyaddsbdei vor
adihreg ot her half silently. I n a | atefr tneenory
oduced words inprcodcpaedswartds. the non

First explored by Hopkins and Edwards (197
iaesdseclmdes | ater by MaclLbédedpeobdalkti 0p0eDf e
pl or esde vagcrraodsusct i on met hods, study items, ex¢
sts. Fberti hgt ygdmhdatss obeen seen beyoihiidi shmply
mory bbeefaoawd ftiympgnogt hi agd (o mrgiimget al ., 20
mi eson &; SQewianml, ard Qdtd nadiu sefv eP2nna @i nt pnpti g at y o

rdksami eson A&pietnairona2i0lly, the kinds of study

producti omi taH stohesaprygdboundnf@¥Mdelce odb egtngal
nonwoMadcsL e(od e)t, awamd 2aEtiom s m (e}, adondd Q{OeLide s
(Fawcett et al ., 202@2 MoHoeuorvienra,n wWeh idheu rtchhei Iplr,o d
initial lapudefliysew jtehe§th phe-aomeEgwpodone matvestigati
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al ., 2013; Fawcett et al., 2023) have reveal e
bet wewelmj ect s dieaslibgenist atso wee lllesser deghaes. Fina
been seen 4swnmblpech wieshisn ofMarceLcdoogha d n 62n0 larsd r e
well as -swmbjpbedtwerescnc Bgwc €1 DnetHoawesv,er2,02r3)cal | t
bet wewrenj ectap plesh gmsa mop e odueaftnfceecd) r, o advii ¢ thi on o
benefiting items that are studied | ater in th
Why do we see a Production Effect?

An eaxplyanat i am ebreomii ncd potetndeui cisthdepbosft i nct i venes
heurHsnht ¢ 2Malc3Leod)8Speailfica@2lDlly, this account
makeaphoduced i tem hmoohset lidtingntssi red tc iliviieseisne
procesdsdéda unipgoeupiedcentdt ba ti mehiod eaorctorda sntg
t he silwhiitchrebmbsjive to thenopreodwnde dtiithgms s had
anotdhuern ng €oowadiynd& Gat Mactebd, eflA28 Ithei,sst2 0 10) .
relative distinctiveness then makes the memor
sil enltn omtelser words, participants remember mor
remember the specific act of pr &dipgpionmrg tfloat tvn
di stinctivearslse heeemn swhen produced items are
For instance, MaclLeod edtiadn df2f0elddt) diouamp & drace
participants were only instrathed tbasayeages
item.al oud

Additionall vy, it is thought that speech in
transl ation of study i1items frBmraiwussantemo@a

Gathercole (10P®W)parvatnii qaup Eiesl sf udbdbearsgad@ae gr
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in visudlusewebtyhiammg of t hwehislteudbyotiht ernesa,di ng an:
ot her half. Another group of parti ciilpiasnttesn ienngg
t o halift emfsiptobteh i Intigesri ckintwir h@ r emaTmeéeynwgf ®nahmd .t hat
participants remembered t he imeonstacwh etnh ath eeyn goaog
vi sual and auTdhitsorcyoinmocdiade st iwist.h fi ndi ngs conc
with the memor pebamgefsitr onfges pe-a@athi tt hirey bethredt ¢
sualvri ting, typing, and Swyoeudtchh omlgv  Foprmromne £4i
mot or i ¢ and npfhoornmoaltoigoinc,alwhi ch all ows this part
more distincti-sedfeatyresr abhagi easn

A key component of this account is that th
produced and unproduced items is relative, wi
di sappear when participants aréhenblehefi o odm

pr oduchedtowsewhbrydeecstisgns contradicts this notion ¢

participants in these experiments would have
such, it is also thought that the act of prod
beter memory for produced items-pwodhbhocetd f hems
i .e., the Btordemregt eta@adaunt2;pi14,; Fawcett et al

I n addition to the distinctiveness heuri st
model s havnee waewrtpll iamead i @an f or (et lgappraomd &ctGiuon ae fd
preSpgécifically, both the distinctiveness heul
For the distinctiveness-shueyreicsttdiican dt gpeordaxkd tsit cer
effeBodner et al ., 204adt r&dwcetthetnation20R&1

benefdiuei alo rel asksv®i miilsai hgt i t&kams turneanbg teh taoc c
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expl aipmar wh ¢ aipdaennttsi fy the source memory for prc

when silent 1 tems are studi sesdf msisdoiopdadoeatdi me s
traces (Ozubko et al ., 2014) .
As such, computational di stinctiveness acc

expl anlaitkieontshhe di stihicsi medess tHestisticyehess
the act of produemedielniablesss trmBrbee BEnkedeHde st
accountnt etmpios ammgwor k al sopassbewaesiurleat conéseb
stronger mkemoCsgptamcand Guitardés (in press)
certain features reaceieweomo ng iano ntehnet iicoamsseb aoS e dr
al ojprdgduci progcowoaubpdati ci pant toalalkaemal d @i awolr e
featur est lodn awmo ult & nrl ena chiarg i gghubd emo tfbegait masle s f r om
production are assumed to differ Whiolme tbhotshe o
produced and silent items are modell ed to hav
participants focus more on the phonol ogical f

Regar dlldetstse,endaed f eatures t henTobemoodneel encode

recogni,thenauéedoshe edagn eme@ dt o whiocfh tthhee neenncoordy

repr esmatealbhieonf eat greendbeset oft elme produced it
recognized in these models because these prod
silent clomamerpampsetati onal model s of the pro

phenomenaomsibdberi ng a combinati accofundissti nct i\
El aborative Encoding in Production
As the benefit of production is primarily

not appear to be much supporpredogean@ained ytblyat
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semantic (pupto omaeluxcitm@en does appear to entourage
see Bai |2e0y2 leFta wecle.t,t aetd HoOur i RAQR 2 & oOh usrucphpidrlt, o2n
role of semanti c )pRradcheesrs i ndg ei rb gourradrdatrcitdifyo narpq e L
because the act ofdprodoaoati ossrpeencd of h ge s fetaht eueame s
increasing relative distinct.Suepess berweéader p
the pcodo€tti onoeecomeadmigfeisc mprocessing can be i
mat hemaaddé&lasat suggest progturce n ganthiesntcimmcr taigvees t |
phonol ogi cal f(@apluars&indujmeessodidyi t o dmwaded yi t @ ms
appear to be benhommrodweammedubEatr @wsetnh @ nP ta ul dye
i temssing el aborasugege £tnicmgli nlyat producti on and
at | east oper d&tog iimssemareat eo owehyBRMaaliemocktetal al
(204dimbi ned generati onManlde @d o@tucdli.on( 2NhOe | §s
to generate some wor v e & lkeotghtte whe nhaei nsitnugd yhianlgf s
found that the words that were garrtahe dwad o
were generiastheodi nigl e mtalty production stil]l benef
alr eddyoreantciovdeeldy by t he act of generation.
Forrin e¢expanpgé@0O0Mdy| eod ceotndambgtmpeel1d) rbygt
compari son between the gen8patibncaffgctthad
me mopreyr f orfroan ovehmal st | b agiatgheesrer at ed al oud, genejl
read arleoad, Alt Bougednemhat ed i tems wererbatdter r
i'tems, alaoddetmse were better remEmberedet hah. t 2
found no signi fi ctahgetn eirmattd roanc ta rmoind pvieotdvassame o n

a second,e¥Xmpmenriimert al . (2014) combRPRaretdi vii pama
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either i magined words deeply (by imagining th
shall owly (by imagining that the word itself
instruction, participants r etaldeiera cfhi rwsotr de xep & rhi
found main effects of iIimagery and producti on,
t wo confdhiitsi dnasc.k ionf b enptkerrisansg g SNtnsc otrhpaotr at i ng
el aborat idveee se nicootd isnigginh é i magnil yud enpafctt he prod
Pr e sReenstear ch

Whil e there has dredemaotryee &r blaven yBFECt o be
investigations omhrRoweNRCi may mempagt benefit o
strategeedrawing, genAkg aitnadinyi aamnmdilag eloidghe nii m hNI
to have gr elaccMeFrC rceocuantleerdphaargt, s 2011; Wagotidan i& L e
possi thlifktChatarti ci pagmteaavwaelmd rsyh owern fnon maemrsee s
drawing, gener apamnadAdpdnst. i prnaadu gutpisasit INIFEC ahat |
individuals would have | ower -D&BE€etboaluwemmarys
a relationship has been seen in othdrrpersona
i nstalnaer, adults with high Openness scores al s
open counfTéi gpasmal | er benefit wds ebdwpapres smaers
greater resalthabrl bageline memo(Vapemhatr math c
202R9 .simcah ,expedctned htehaturr eoMFExpanrti imenpant s W
benefit more ftodmngl sbhoratigve sern e.ognp,a rodhreta wi n g
hi NFC participants.

Theredheoreyrntent experiments sought to expl c

magni tude of the drawing effect Thaegreeplriadatoend e
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and extended the active encoding paradigms or
Sl amecka and Graf (197&xpeandneMdclee@edkpdeétorald. t
effect, Experi ment 2 focused on the generatio
production effect. Al lsutbhjreeca eaxepdrginme mtnsd wwehrae
|l i sts and i ndi visduaAs diufcfhe rr etnhcee emnxephesrui tmbeent s pr
paradi gm. Experi meretr sbnwa Ewg@emp metned 2i me vi a
Qualtrics, and Experi-memsoR amd somewmuci eedd bomn |

Each experiment had two predicted outcomes
effect, generation effect, and produdtaiven ef f
been frequeinnt | ws trkejpddtoqad dkeedandes et al ., 2018;
BodnerMceoddy e)tSealondl Q20 t was |hlwmedtshivowil ade d
a negative rteeae imomisdoitpeavpedtriett i ve encoding str
Speci fi eN&FICI yp,arhiiggh pants were expected to bene
strategi es wthretho-smFoGnpcao tendt tet rapaas tasl.s o0 hypot hesi z
negartdlvaet i onship would be most appag.enAs fsouc h,i
the relationship between NFC and drawing was
relationship between NFC and benefit of gener
t hought to bear | ittle i mpact on the memory b

These praglibée cdau e sNFC has been shown to have
el aborati e egln mge s xi0ld; Wqgotaame&tladdiarcg, th@L5
me mo(rGr ai k & LoclAlsanthe HYI a2 ng epheathioggnhd g e n¢
provide external mani pul ations bigiFEICaborative

i ndi viwvdoabase already thteknabbyt mbhevaemdnt bc
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sti woluil d esesleeonfe fai t t o T hiess ei ss t BNekdCeeupsned shviigdhu a |l s
woul d already be engaging in elaborative proc
wi t hibrastedlmcnoedi ng condition. As such, the rel at
active encoding condition and the comparative
Namel vy, Ex perdnmmeemotr yl pceornipoarrnreance bet ween a
baseline fAwtro texxXamiomaithenmagni tubdeobhet hewodd s
during encodi wemmaes&kleld peor tdircaiwp ehmatlsf of t he stud
remaining half. As drawing is consiFdeerrneadn dteos b
et al ., 2018; Jonker ewaasxX pect2dd 9t; h ate-HlE@&t re t h iac
i ndividuals woul d r eciatltle mower dlg.a whhoNvGr elrs, t heac
participants are thought to be more inclined
all of the wordswemdheo ¢hrpescdleld dmaried uvarlist t en v
| ooMFC c ounltrerotalrdrs-NWFoO dpsa,r thiicgghpant s wer e expec:
baseline memory peiNFCCr maoumnd etripayr tdhFe@®Ard dli d w o n a
partici pabppotwbesi zed to recall a relatively
| oMF@arti dhpantit s. because the act of drawing w
involved with el aborativeNpCogpamstsiinigpamtherwd roc¢
to engage with the semantic meaning of the dr
dmig so as a part Aosf stuhceh ,t atshke irnesltartuicvtei obnesn.e f i t
each NFRCoME&ECeparticipants were expected to be
they would be | ess |ikeloynw ttdherigmemner more wr
A similar s et hegfpodrhedik@teido.mMmeSmpte cthd maray | vy,

per f osbmatnween a fAgenerat eo wed® mp sNedendedleyr,it ype
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stimuhie fgener ptagd | awe npchiotivisio ndeafnidn iltestarrer cue
repreg erete nimegmb ¢ eendP a r tw ecrd eplkaeyde st eav aa te tsive ei t em
based on thanpdr owvi dedemubeosr tlhaetierr .gUFeoss t he nAty
partiwepans®khmomwiny t he item and asked iteiat cfopry it
l ater. Similar to EXxppearitmecnitp alnt si twomalsd erxepceeclt!|
words than typed wprdssoér HNEE€r diereddE€SopaipwvetEpa
weraepoedi cted to remember mMOFE@ dopretde rwoa rdtss t dhi
naturally engaging in elaborative processing.

Then i n Expewiarme ptr edl,i ct e dn ot haasts oNR G ewoownl dwi ht
magnitude of the memory behnee fmetmoarsys obceinaetfei d woif
wameasured by compart wetgenpe rifrorimalncwedo and Asi |
Specifically, participants read half of the w:
hal f ®Hisl embldyci ng i s not knownwdtoh o ungvhotl-vteh aste mt
NF@articipants would be @arbltecopg oofd pwinaddpuin@iomig d y
trithkbading to I melkatiedeNieGopragret ildoweaweé s, t hese
NFC parterce palnscsedvapoctag |l @otr i tngi al s, i ncreasi
pdror mance for the bAs ediutmhewyacso npdhatdiieca redds It ahealt |
NFC particsipawtdi whhed eint baseline performance:
di fferendead ohuatow eoaath dii &iii loenmst 0si mopaodmagnbhude
effects)

Il n suimt was pr-eREC citredli wihcadtall owwoul d demonst
effect and ¢géamer & tNi€daCm cdofufmdéacdthp ar t s d D®ME GuUu s e

participant s whoalao sbeer ebxapseecltiende tpoer f or mance i n
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encoding.c€ondceronsg the production effect, i
have |little relation to the magnitude of this
encourage semantic or el aborative processing.

| e

ChaptExpeé@ri ment 1
I n this fir et i exdapny rwanse nttw,h elttalfttiesf nff mirreences i n |

v el would be associated with diffewehdes in

NFG@Gcores spbsthaet mabhytude &fltlhe edrwawihn g refvfi

dr

wr

co

of

awing effleetpresematr céxtpweor i nmeemmot r Yt cdosngprvaar regdg ia @ sl

i tlifneghlF@hi ndi vi dual s do engage i-NF@ore el abo

unt dLepaling, 2011; Wqottehren& ilte dviorud , dNBE@L1 =®)xpec
owewsprdedmat | er sdn f memengeper formance bet ween
iting Eomdinstoamsce, individeai sclhiigdédi tho N&ECr
itten i tems with priinnagekinypware dagtet empt ot @ nmat

ems better-NFMepawhiktéepahow mayfbél mwr €hencl
structions abwaiuthowrti tppamgt akhend direne ulshiesl abor
uld | edECtmpathtighcri pants having higher recall
ei-NFCowounTheirsp alritgsher baseline would then re

nefit fowrdtawiNFLnpteedgh ci pant s.

As such, the first esxubejrea cntesntd reamwil nogy eedf fae cwt

ee recall. Participants were shown a series
the words, participants wee egiawenrn dwarod .drFRom
mai ning half of the words, participants wer
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the end of the trial. After the encoding phas

measured on NFC, ment al i magery ability, and

Met hod
Participants

A samiBet ofwarstexcrfun ¢ mdt he Memor i al Universi
i n e x c haadndgi etcidaonras leP ecrrteidaitpant s were prom motr ed
than one of the three expeTTwonepnarst iicnicp aundtesd wenr
from the final data set Addaito omxaperyi, mantpalr tp
participants experienced a coding error that
encoding conditi b easmmsd(fieh.B8g .t ,e 0Olrdattfdahasaevipbah numb e
15 itemsonad)Rcimci phami sthwdhodf i @lresnn ri buti on we

ret aAsnegdumbipea? i ci pant 4 evaeni ea gerac [f8dphaard t, idcait paa nstes

The paritn ctitpanftisamd e d & tBafoeseerts (M=f 1.2a8% &=
3.)1Revetnhtrgd e t he pa+tdienitpdntesdd ssedldfe@emalf € ed as m:
t woeildenti f-bed&aygesneovpefn t he parti cithmpadted nressor t
angdevreenpor thad dleedfhrtt s parti ci pants reported fl uen
informed consent tDapardcolcli patieomnodcdher sed dgu:l

semesters-204t head{®mikc Aypendi x A for ethics a

Material s

Encoditn giulsEt i melt e pul 18ddt & m otma lraigpse te vw coruds |y
usbg Wammexaal (se20ABpends ki miihasvigdersaes)e t he
ver bal | abels of Snodgrass | ma goafg enfo@umessd girea 4

tovbesually simplEramdt easg2@®®e chr s wbasned o md ays
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selected for presentasuoh Hdhmingathepantodipg
l i st .WfsiintgemsycholiPygeet2,@PIIPOR . 8B qdPmputer running
Enterpehswbt i ni ttehmwaldiDstaendomly assigned to a
condi ti owe.rperSa 9 emutl & 6 e ac dritcrhe Daeflsic r re@ini &0cpke n

Same.Pdsi t dbonwveed each t daregxked miptde mawashgaebdbpopgati
i nstridotawsinr Q)t.e Par ti ci pant 54 welrkem psrhoevei tdse do fwipt:

and a ballpoint pen.

Questionha-it@&smed for Cognli8j oBGasicappo (&fFCa
measures partiexpaht edf benh dceohgenyp teogaereanssc hi n g
Participants are pr eswartieaduswiatht ilt8u d & s nmso waersc
Al prefer my |ife to be filled with puzzles I
on9m@moint Li+kder=st fs\Wearlye s4 ronfgVer yagagterdamngl v di sa
additional item was added as an attention che

guestiono) .

The Vividness and Visual | mMa9g7e3r)y nteuaessutrieosn n :
individual differ encPeasr tiincinpeannttasl airnea ga snkge da btiol
aspects of folhers,egmdhedpoan stcemdloer tvi vi dly t hey
i magi ne t(hles= fRarafidct | y cl ear; abnd= afisNoviivmadg ea s

you only o6knowdé that You are thinking of the

Il n additi el tandt heh eNFVG/ I Q, ap&kdeedmocgpaphisc wer
guestiondhesucigeamtapg g, haanfdd e @ meys.Tme Enwgeé i & hal s

askwehdet her they had any (pgApepieoBlds xdr awi ng exper
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Procedure
Partiswepant ndinvwiidnugadgluyi et t & dwten invge rr oiotmy Aast

Met acogmabbranory, Hnressaxerackrer expl ained that
participants to mamotihzg appeni g .Ror $w ocd dpsa nd s
were also told that as tanhdwy st pdioenpted mhldiward
draw or write the study word. When the prompt
single picturnerwgenddeasreati amgcomtei nuef addt hg det
duration of the trial, wheMWha&ntothe wowlimpti sai
participants were asked unot iwrsiiaget atlrlese ds tt thcey ewmal
triTAkse instructions were also presented on t

read them over.

Before beginnihg phetegppanmsentupidemevetnhat w
asked thenprteos edartaed arhde anot her t hapraeskadetdher
worWhen needed, participants were given additi
performbneescompl eti n@rtthe i praadtsi ave rpph a sani n@ e

whet her they write or draw the word, to do th

Encodi ndg hRhasane.odi ng phas.e @nonesa csht etdr ioafl ,3 Oa
fi xXetricompmpeared. This was followed by a study v
i nstructp osni tpironpgpdw haibcolhv eb atth r emai ned on the s
Par t i chiapdh el3ee c aned stdhrearw otrhseviuidty e iatcemr di ng t o t h
After 40 secomeés soand@®ams$ pdr caci pgnts had to
el aborative task, flip over their (paagperEi cqurde

1)
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Figare

Example of Encoding Trials for Experiment 1

| 3000ms

’ 40000 ms

draw
’ 500ms

frog

| 3000 ms

1 40000 ms

write

lemon

Fill eA THé@esckond parity thestkwevears tphre gstaumdne dp h
phasidshask presentdadgia siumgplea, ithwdad he centre of
were asked to indicate the parity of the numb
even, and the fiioo keVhehemi ahe wombeéromwly olad:
was gi vaernt,i chiupta npt s mwe s @ ogmnudil sk du cat seldg tcot hatye c oul

The task continued t30 psescemds npavs nadnber s unt

Recal | PRhasei parertse® nB@rkexwibtolrkes wi thin which
t heir rTehsep otnesxetsh.oxes wer e arranged in a matri X

Participants could submit their answers after
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to amsdemodi fy tAhdi n exd bpxresesand inputted res

unt il participants submitted their final answ

QuestiohRobl owsng the free recall test, the
demographi c qule8s,t iaonnds ,t teheVWFX A portion of t
guestioohaidesof whhéeel aberatsestycompleted the

the recall t est

Resul ts
St at iAntail yasle s

Thetd weres dihgadhedglascekWigek lfam e)t Rdn. 3, 12019
(R Core TAampmBDR8)ion of freqwashestnrand Bay:
jamovi The3j2a®ofi ).prreogueecmtgil GA0exrsd -udshg and | i nea
regrewesrneongal cul atjemtio d s(l elge t jha&amdwis,epwiotj kctthe 20

moremesutese (& MojeheingOBded for additional

Mearmi, | dagesian | inear regresjssmpodwli weérr el ed alud u |
pri(oGlsyde et al ., 2011; Clyde, 2017; JASP, 201
Recall Test Performance

Recal |l peakorcmambicagrad ppabrftaisouclcessf ul |l y. recal

Specifieadh ydthndgswsricguned t o wasohepartsi ei pahetr

(mMmecall edotd r(EB.abt edg was | i ber al in the sense
were codedhas pcoproetc¢ti on of recall ed words was
and e nccoodd iffidir awsiwr D)tOev er al | , parMEc@@E®nts recal

041 of the words.
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To determine i f drawing was a more-effecti)
samptt est was péaef prmporomon of correctly reca
conditionsuwusj eactivs nivha et Gha pNid kst Kes mBmbr no v
t estAndRarsloinn gp>t e @thal(iasl ul a | i nspecti-Qnp®lblt t he as
sugge htakd data met the Assumph, oam Btf udheoOmtm@ad i[de
test wahxeuswvead. aT signi ficant difference betwee
recalling signifi M&064,ISy>= mh.r k9 ndir tatwenmM wood@r ddss  ( (

SD= 6).t83 10,p8 0,d912. 1

|l nfluence of NFC on Memory Performance

Descriptive stal8sandsVYeQapedi hgr WM& &ce can
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Tabl e
Descrbpat vet i-lIc8 and MMICQ Scores

Exper.i N Scal Me a n SD Medi a Range

NFQ8 15. 2 18.1 17.0 257

1 89
VVI Q 62. 3 10. 4 62.5 280
NFQa 8 11. 1 16. 9 13.0 -4 49
2 102
VVI Q 59. 9 12. 3 62.0 180
NFQa 8 10. 4 15. 1 8.5 1% 0
3 32
VVI Q 56 . 8 12. 55. 180
To determine if NFC had an influence on t h

regression was performed between the NFC scor
encoding conditions. NFC score wasod6snot a sign
magni F(uB,R, 290-.589 R58 °R0400Adj st ®B@s&ke Figure 2
Conceracalpl per facrt mabecseeeiticnoed h @ g sce@md iatNiEdCry s

did not significant |dyr gwoe disc tivatateeFr(rdé&pan 4 rewdmb er
092,p=34,1 RL05?°R01,1 Adj ==t @@ Moreover sigBRCfdicdnnodty
predict the wmeawbemuwsmbhehratoRyd3rpe3=r % aV | BLAD

R2= 390 Adj dst3»0MF® score was also not a signific

perforfmjadl s 498 1.8 R72°2R1.027, 2Adjs@0dted R
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Figare
Scatterpl ot oBfettweee nReDraatwiionngs hENflefCe cStc oMaegni t ude
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NFC Score

As these nonsignificamntrrfeisBameEdghagaoweaeareesncon
al sot orudnet er mi ne how much supgprmdtalctoaud matbiever o
hypotAeBayesian | inear regressi oon wasepéenfaoar mi
NFC substantially influenced the difference s
analsyusgigsest ed t hat t 6&tei maid | mdirye oltihkesliys tihsa B .t8h
hypothemossmoderage evidence in favour of NFC
the magnitude of 1:h89W@irtalwi nlyge ed ¢ eioce® 0BHAY passi
condid iBanysesi an | i neatdhate,gr giswe ro NtFi@eagguarer ent d

inconagledsaitvenship with the average number of
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Specifically, the n2l ®Bbmepombexi $ i &ppgartdant @

hypot hesi3®3)X BHowwbeerel ati onship between NFC a

t hwer i woeds appeariwi tilmca nBdywesivaen | i near regre
the null hypdRthiemdas mvarse olnil kyelly, t hanect he alter
097 8oncerning NFC anBayeserahl|l reeat |l regressior

suggested that t he9tniurhds hmerod hleisk esl y st ltoaad yt He
( Bl 607)As such, given the current data surroun
the evidence in favour of either hypothesis r
Exploratory Anal yses

As Wammesal . (2016) tested whether scores o
memory performance, exploratory analyses invo
experiviwdnm ss,core was not significantl yFpredict
(18,2 2= 2% 411 R622?R0A26 Adj s t0k@dorR was the scale a
predioverabf rec&( I8,2pGBrop=n5 8 MBS 5°R00 0 4
Adj us’cedB®BR However sweNideCs isgmirfei c ¥ Vi Qperpesatbr o
t hat NFC scores accounted for appr dxiBmpat=el y 8
8.,p¥0B R982R 900 Adj s 0&8WhiRs fi ndi ngt hies Bsauypepso r t
i ncl usifornoni aac tcoorr r espondi ng Bayesian | inear re

alternative. hymes hmeir e [ s8kely tiha/n)ltdhe nul |l h

Of not e, aliBougkdt hae NRE current -pxipretri me
Likert -paxiante,s@albe i s comm@adiyomupe de.ti raslt Is,a1 c1h9, @
the NFC data werepal soDeodl aptsiede i s1tt @t iasthi ¢ s |

coll apsed data 2Zan be found in Tabl e
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Tab2 e
Descriptive Stati-k@ i 8sorfeg Coll apsed NFC

Experir Me a n SD Medi an Range
1 62. 1 94 2 63. 0 4381
2 60. 8 9. 35 61.5 29 8
3 6 B. 86 4 59.0 480

Di scussi on

I n Experiment 1, participants drew and wro
recalOvetreadtl., this experiment found that partd.i
written wotrlegexpeptdtewlulbbjhect s drawing effect was
However, the magnitude of this drawing effect
with NFC. Specifically, NFC did not significa
Awriteodo Tcordintdii arrgsdtilcdats ddiret est abl i sthheedr eh ydpi odt |
not appear to be a significant relationship b
recal |l per f o mumaatc eha< omeaegmspgr evi oHussweyv efroound i1
Bayesian anal ytsheiss snuagyg ensotte dn etcheasts ar i | 'y mean a
bet ween NFC arediirdemalel .i nRlatctagri,ng whet her this
remains inconclusive.

Surprisingly, asttgoufhc¥NtRQydpdedbtt memor:
relationship did appear between VVIQ and NFC.

associated with high&B8 ¥NUQVVYL Qrdbiarveecimpyh hdc BR
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in priortreseaonthj mmedi ately evi dAdstipbow t his
research ha®i f9ikdggnedsitveidd utanast pref er to process
vi sual i (nSFoojrkmea t & g \eesnek, a t2r0a0njat,nh ee to basle.r,v eld9 9plat t €
bet ween NFC and VVIQ may be duwe ctaauscke mparmrd iacch g
were first asked to draw bef orNFd iplaritnigc iopuatn tas
have felt obligated to provide higher ratings
ChaptExp&ri ment 2

As the first experiment focused on the dr a
generiat imemory strategy known tospenpirfoive proaddbe
Al t hough traditional generati on aeafffteat gpearea dit
and reading, the present experi ment A®mpared
participants were umesugpecivsisend tion udhe st yWpisn @ nr
made to check whepayathgmar toinc it parnthe Vwersel i ne i
simply skippinndgiomeemwitihemhe hypothesis for EX
hi gher NFC scores would predict smaller diffe
generating andFdry pii mgtNd@nepiatrhtiogels pant s may be
think about the semantic meaning of typed ite
Meanwhi-NEC pawtici pants may be more inclined |
t y mogutthe baseline items without attempting to
hi NfFC participants having higher rec-&dFC for t
counterparts. This higher baselipebwonafdtthen

generating oVvNeFrC tpyapritnigc iipna nhtisg h

4 2



As such, the second expersiurbejnec tesmpd eonyeerda tai ¢
paradi gm. For half of the trials, participant
accordance with given cues. Forwdrhe ghonan nwargc
to memorize and asked to type them out as the
participants were given a free recall test an

demographic variabl es.

Met hod
Participants

A separ atl@ gstaundpelnet soff rom t he Memor wal eUni ve
recramnltiemdde i n exchange ©Oértahediori-gp@®l cddrdsesi
withdrew from t hel Ot wdoponmpslhet e mahei an@gnsent f ¢
compl ete data. An additional three participan
memory performance data with their questionna
consisted of ThsBe2a rptairctii pca nptlagh ér8aenagresd (MoE=fr @a®e9
= 3.SEe8)eenitgylit t he pa+itdienitp dn tash deeidd e mail i ed as
Ni netye part i ciighagnntdse drneepsosr,t dsch xrd e epeos § edamnaefan
reported bei Agl ambirithe stthpea of 6 shnpad r tseadnpflleuency i n
gave informed consent to participate in the s
Wi nter semesé6Pd4d atadkbei 2028ar .
Material s

EncodingTheismuudy | ist wa&d tempwodesgddobedh
in ExpeHowmewesiead of #fAdr awoe fa nndiw efirwernistreeoa tperdo n

each tworskerve as generation cues (e.g., na gr e

4 3



fo to cue t;hes aveorAp fidOdigxoof the original 80 i
selected for study such that eachtpartiacigpant
it emst weeanredomly selecawdritds Wwkhi desphayedher ha
selected to be presented as generation cues.

PsychoPy( Broc2e3 .elt. 8anld. h@®mltuds)den g [Fhatvtlposvii/al pavIl ovi &

All stimuli were displayed in black font, how

of the participantsd operating systems.
Questionnlahiereqgsuesti onnaires were the same a

Procedur e

Partiwepantested online usiwgf®uattuouicedan
online using Memorial Uni veusFgiotmy hefr eNe wfaacun cli
provided wQuh|l aohsaekAfttboramc 6 mpl ebinsgnt for m, |
were redirected to thelstxrpieatiinrems ihmoditceat eod tPl
woul d bewpt Bsanmedifucsre npdr twioowodpgh d t bteo acsokpeyd a
di spl ayteydp evbic wi o h gort nleirpsaer t i ca spkaend st oveglueess a w
on a given clue (generation condition). Par ti
they typed out, regardless of whether they co
run prior to betgonei hgi ahereppeseméenng a read

representing a generate trial

Encodi ngr hRhaesne.oding phase consisted of 30
fixation ¢rdod | apyeaarhbgd a. 3 TO0s mwa sal tsa kildoyw e & & ke
which differed based otwpenddttoon. aFstudpr der

in the centre of the screen, with a textbox wu
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https://pavlovia.org/

definition appeared at the top of the screen,
centre of the screen, and a texitWaen was tpadipta
finished either copying or guessing the targe
the next t(rsie®l Figquapp&ar
Figgre
Example of Encoding Trials for Experiment 2
Until response
. Until response
sailboat -
|:‘ a green amphibian tha.t hops
| around and eats flies. Until response
f.
a farm animal that produces
L dairy milk Until response
C...

lemon

]

The filler task and free recall test were
Foll owing completion of the generation experi
enter into their Qualtrics c¢onsseemtt ffoorrmmsu n |Uopcok
access to the same questionnaires outlined in
Resul ts
Encoding I nterval Anal yses

As Experi memaced ,watshes edvfer age amount of tir
encowasgcal cul at ed. Over aMl=, 5tSIDH6 €nto)Xdi asgc omd s
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| omMgp.r eover, the average amount of time spent
Atypeo) was compar &Ml kA diegrniSimKoamteo gDreadwi,r and
AndedDaohming test suggested a viol aWiilomoxdndshe
rank peisrtedvats Thenc¢odmed. i ntervals did signifi
generate and type conditions, wiMbh Pp&BR|i ci pan

6.97) t hva=n 3tS0Op9,8 gWi=l )52,64 O0r@&1,0. 99 .

Recall Test Performance

The data for Experiment 2 were cleaned and
Experiment 1. Like in Experiment 1, recall pe
successfully recalled study words.edhacpoopor
participants and encoding conditions M=figener a
039D @. lof the words.

To det egremmienreaatsifoan mor e ef f ect itvyep,immegmpay r edr .
samptestt was performed on the proportion of ¢
conditi onsuwuksj eactws tfhamt or . -V Inkos: sti ganti-3 mKmmaoe ¢Scra
tebotph . 05), and a visual -Q mpdmeactaildn safggtelsa ea
met the assumpHoiwenv eaxf, ro rsmaghnai tflyiicnagn tt eAsntd esrusgogne
nor malsi tsynoom,p aa Wmketomamk paeséedwas used. There
significant difference between encoding condi
genewat & PLY D 107)2 tthyapaeodr s 20/SD= 20pW=400,1. 5

p< 0rn@0, .95
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|l nfluence of NFC on Memory Performance

As with Experiment 1, de48raptdi V¥I Qt per bor

can be found in Table 1. To determine i f NFC |
generation effect, a |linear regressifem emase pe
scores between the encoding conditions. NFC s

generation efFfldgt A OpjFa Fn2iDLIKEDPER = 0.0R2252AdRust ed
.006ee FiCgunrera) ng lhasecaicioadvoadan iNé-iCs di d not

significanmégmumbedi of QYkeeaer at edF(wb,r ds0 G )h azxt Qv.e.
p= .649, R = 0.0046%AdROWSBt.eMoR eovergniNPpCedittitpot
t hee annumber of typed wdé&(ds oDSAp- 1wSBPRIUGER al | ed,
021 Adj 8= t2e®0 RANIFICy , score was also not a signifi

per forffalncel,00p= = 2¥636°R = 0.1B16°%AdR0OHhed R
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As these nonsignificant findings are incon

also run to determine how much support coul d
hypot heses. A Bayesian | inear regreegdsi oan whahad hj
NFC substantially infl uencgeedn etametygpeh dietr ieoce. s
This analysis suggestoa®@R@yBibante st morreull i kley yot he
alternative hypotniteoniedv,u ddeanmecoen sitnr aftaivnogur of NFC
substantial effecde maredftiicocnna 424Gt und & doef yt he

relationship between NFC and recall péerfor man

with a Bayesian | inear regression only sugges
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more | i kely than ther aldt®4)ati Newdwerot hee sBasy € ¢
regression found moderate evidence suggesting
number of generated words that were recalled.

4.38 times moalet drirkatliyv d; fFraydp. c2o2i®e)s.r s i O BFNFC anc

overall recall, a Bayesian |l inear regression
is Bn6Pmes more | i kieg hiyhmpot=h 884 = IANSBFEuath, gi v
current data surrounding NFC and overall reca
hypot hesis remains inconclusive.

Exploratory Anal yses

VVI Q score was signgéeneepeatfiegent porsadriHedii vt eu deoef,
=7.,9500,6 R69°R 708 Adj dst6.8%hRs finding is suppo
corresponding Bayesian | inear regression, whi
times more | ikely tikan6.téhlee mndud |\8ahsy precsthgnsi 5i ¢ 8
predictor of oveF@NOod= H&IRI0,2pRARBOR MEONAEj ust ed
R2=. 006 NFC scores were a significant predictor
accounted f 0535 % popfr otxhiemavtaerliyaRc &, i @BOPA LV MHcor es
=245°R5%0 Adj asst5dd TRis finding is supported by
from a corresponding Bayesian | inear regressi
i 8. 40Dmes more | ikely ti=8Bn)}tOhe null hypothesis

As in Experi-h8nuséd theENPEri memdi 2t wlaisk emwet
scal e. For ease of comparison with prewious r

poi ntDssadiepti ve statistics involviZag these cC
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Di scussion

Il n this experiment, participantprgpmeatt ed
recalPartiestpant geneoalr ldadd t mame, wrietpl é t awo madjs t h
gener ati on esfubejddrcdaiendress dBaghtti hmin ar t o Bxhpeer i ment
magni t iledenefeaftfheocnt di d not appear to have a si
Speci fically, NFC dhadwnmanyitgynpeéd ciadnre it Cpe rea i r
have a significant relationship withButthe prop
unl i ke Experiment 1I,ettwleiemn INFELCk anfa arseelmeottiyo rbosemie
suppted by Baywhbiam smgdegsteesed inconclusive evi

Additionally, padaritdi mioga rsti gatiMNeiG asmwdeyeadrl e die
perf orAsandciescussed in Expémntmenshlp bekeitssekeacRiNF
contradicts what has been found in the litera
t his findinggiivsen ntdheet ecrumirneantte dat a

S milar to, EXpPeéRQi hedt ndbt significantBluy pr ec
unl i ke the WVVI t aeadp@dadrmedstit,n imfeigmat mtv e .r el at i
Namel Wi gher NFC scorleewsid rQ stV teesi.atettawi bleen
t hmit§k C i ndividuals prefer to process verbal |

Giese, 2001; VenkattlmamaasetwitiBi EXpOOphehur fih:e

the Gener al Di scussion
Il n comparison with the first experi ment, t
Experi ment 2 was | ower than the number of dr a

supports the multi modal encodi ng mamkaro,r ywhi ch

strategy because it facilitatéshel abmbahatwvieon
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which provides more internal cues for ease of
experiment primarily addresses el aborative pr
to generation involving f éwer samatlilemrs ntelmeonr yd rb
al so be attributed to other desiugm aisf fExmpemad en
presenting | onger encoding intervals and Expe
ChaptExpdri ment 3

The third experiment explored the relation
effect. Ancowdd m,g wewoedictadimemsde g al oud &bd reac
was predi cNFRG® pgaratti chiipgeghnt s woul d ANGEIC signi fi ce
participants in terms of production benefit.
consi dbee epdr itmoar isleynacdhtt ii we(mer.lmgpec e s Fiomg i n et al . |
al . ,; 2b0uB@isleeey et al ., 2;,02dnd FHowreithharet& aChyr 2t
support on the role of )sTéhmaretfioo epr pcaassicn g ainrn
engage in el abobath e ea ipdiwlidcesstssi nsgutcfhayms expect e
t hat regardl alplarof cNp&@ntevwbul d recall more w
words than were read silently. Additionally,
expected to stiNIFIC parhigheantser hKowevern)] oulde
words was expected to be higher as well. As s
were expected tNF®epahritgihceirp afnotrs .hiHjohwever, t he
memory performance between ndote ex padt ead dt ¢ i 9 ie
di ffer bé&fFWeamNRC @l

Therefore, the thirdseklBpeci meptofieatuoerde B

During the encoding phase, participants were
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Me t

Par

of
rep

Eng

t he

ials, participants were asked to read the g

i al s, paasked ptamn tsst umeyr & fhtee rwotrhde se nceondtilnyg ph

e given a free recall test and measured on
i abl es.
hod

ticipants

Anaddi t4isothuadlent s from the Memori al Uni versi
hange for supplementary course credit. Il nd
er 2weerng i nel i-gpSbme | aor t ®i gxperi ment 1 and

100 partiditpaonutgh. dldwmevcaoll teaghiecddi t 90Dkt wo a
er idnuerrithisg | (I Wiamtder semes®20@P24 atadeenw@0y&ar),
ticipants signed up for thi Asdgthudsyh,t hreessiusl t
sents the current fi®dimidarbaseExpreri mensa
ulat endu mbner of par tainc iupnaenvtesn edxi psetrrii ebnuctiinogn o f
ditions. Participants who had within two t
ticipants were excluded, |l eaving a final d
Thsepartici pantl8 8r3aenagresd(MiEfr dagDe 63T we A toyu r

t he pa+tdiemitp dn teash daelefgdanat ief | Tewde matsyn ena s el f
ort-eandedgmess and-hahdedhkeepartedi paht s rep
|l ish and gave informed consent to particip
Recruitment for Exper iprernstond awads scuopnedruvcit seedc

41 tot al participants, 34vidadmplhet ¢k stelae cé
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and pavemonpanhed The online pyrtihei peatds resra
over Webex.
Material s

The study itebsordoirstExgp eafi memd same | i st as
presented using PsychoPy 2023.2.3 (Pierce et
of @anth Dell monitor osrcrae ewmhiitne Opamk cSaalso d ro nit |
production instruction such that when the fon
the word aloud and when the font colour was o
silently.
Procedure

Similar to Experiment 1, the encoding phas
500 ms fixation cross, followed by a study wo
remained on the screen for 2 $éd auendvo.r dBurailogd

studied oran¢eewoFdgusel Bhtly

The fi,free trasm@@| lqutessti onnaverree adminnii sctarl a ttic
out | iBwxepderiinmhewév ér, i B Eaxlplerdfmetnhe partici pant

guestionnaires i mmediately after completing t
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Figbre

Example of Encoding Trials for Experiment 3

} 3000 ms

} 2000 ms

| 3000 ms

1 2000 ms

Resul ts
Recall Test Performance

The data for Experi menusi3ngvegiemicll @ranmeat rmond:
Experiments 1 and 2. Like in Experiment 1, re
of successfully recalled study words. The pro
participants andaleawadssiilnggn tc@wedri &lilo,nsM&Erit i ci par
024sSD= 008) of the words.

To det eprrnoidnuecatsneobnf ect i ve me nao rpya nsptkreéastte gwa s
performed on the proportion ocfoncdoirtrieocnt |ays rae cwai

subjectAs nobacti gmi fWid &mrst tmsaglSinmMmKmhmoegoesRAnder son
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Dar |l i (adpbt eDt5) , and a visual -Q mpdmwmectaildn safggtelsd

data met the assumptStondpdt heeds mMalivasyushAs . sTbhle.

significant difference between encoding condi

aloud M= ra$B( G8). 1t han s MEe QiSPwo3).40s3 13 . .4

0. @x0. 57

|l nfluence of NFC on Memory Performance
Similar to the first two experi-n@gnasd the

VVI Q performance cado et ¢ omindeiinf TEBCehadad an |

magnitude of the production effect, a |linear

and the difference scores between the encodin

predictor otffhet ps B@EBYnOFpmMede, 2 R 772°R 0.5

Adj us’=e0dB(Ree FiCoguncer ) ng hbasecaiciogdi emgamcaodndi t i c

NFGigni fpirecalntbleye thean ard wwndired s otf hat Fyd3f)e =recal |l e

4. 29047 RB53°2R15 Adj &0 ®bBlowe,v eNFC diigininfoitcant | vy

predict the smdweortchay mblreat &Wd3)e 1=r % 4B Re @ 4,2

R2= 059 Adj &=.tOeRIUNFFC score was a significant pre

perforffalfc &; $3 130 RI3B?R 10D Adj égssted R
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Asa numberf ionfdatnegessensi goirfriecpmihdi ng Bayesi a
also run to determine how much support <coul d
hypot heses. A Bayesian | inear regression was |
NFC substantialflfyeriemfcleu st el doaundbiel cabreté nt t bes . T
analysis suggested27i@atmesshenonel Il i kepgt hdsains tih
hypot hesis,i demorlsd dianmeowgi off & C having no su
on the magmn d diuweeltficedent-t B0EBA&AI t hough a frequenti st
regression initially s, eggddsthect tasecepipgpeitt ingant

bet ween NFC and r e@alwodpdssf ml meonc ke dNbmeéey he
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Bayesian | ineauggedpndad & leamyamaoitivheels i meass mor e
l'i kel ynulhyhmot hhesl s)oMBBFy esi an | i alemwoggegaressi on
inconclusive rHFa@ntdloen saav er dgpd Iveasmbse rt lodt wer e
recall ed. Specifically,ltthiemesl mohgplit helsy st la:
al ternati veicd0y pp@tnhceesrinsi (gBFNFC and overall recas
regression with def adltte ripnyapto rwsaess g ¢ghedst end rteh a t
l i kel yntuthyamot hes4 s)0.9 BF
Exploratory Anal yses

VVI Q score was not sipgrnoidfuecttdieocnt 9 spmagnct ud
30) 023p=679 ROB8?R0HB, Adj dst@&B Ror was the scale
predictor of oveF@13) I=ejgtad g9 RexEF®Rr3nfd nAcdg ,ust ed
R2=.0055i mi N&ICl gcomes iwerwrid i cant pred&d{( @3Por= of VVI
0.,p90,3 R2=°>R 000 Adj astleMlovRever, a Baye®spondin
i ncl usiionnd iftaacateodrt he f i ndi ntghneudh yip o ¢bhaeicri gs sa nviey, w
2. 9bmes mor e dlitkerhnyaptoihviees0 Is)8.4 B F

Similtdare tforst two dBparsiementns Extplee i Me@t 3
a-ppoint Likert scale. As such, ptoheatNBCad &t a we
Descriptive statistics involviag these coll ap
Di scussion

I n Exper ipnaernttiec8idp awotrsds abet@idraenteshnfleaiebye
recal |l abilitAsfexpekltsdb)blotwsitpemsucti on eff
in free rec@mpaidti Seordadasckall | mpghraet  wwerrdes hraenad al o

words toshtaudiwed esi | ent | vy
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I n line with eshabhagrihietdudeg poft htedsfef sgdbts ed ive «
not appear to have a s.Hgwe #tehd sntwarse Inaotti drud Hiyp
therenwasoncl usive evi deME@ o glurderddumt diamgy wioe tdhs
were recdadllaeudsn e cttoeadi 6 onse producti.Boteffec
there did appear to be a significant relation
recal |l pdMpfeomameelfii kst twodVeEQQpedrdmeat ssigni f
memory performapcevi Bus ,8 r\p\Wlk@ neihde sNBC appear
have any significant Budlsathosskeixpewitmenoneé aaik
simere data will need to be collected before

Compared to the number of drawn words and
Experi mentt Aieamecl | performance for the al ou
of the active encoding strategies. I n additio
observation that fewer produced wordggwestes re
t hat production ai dss pneanofriyc byr daed diina@tr antgh ar

proceisnditrhg t-pescii tieen pr mc ecsosmipmg altd arceil yg wteak er

performance. However, this smaller memory ben
having the shortest encoding interval out of
Chap%erGener al Di scussi on

Theri nmarnmny ek theearaismaemt slet er mi ne whet her NF
i nfl uenced otfh enemmeog nyi tbuedneed ri it o U sSnpeanm ¢ @dhiebby str at
proposed outcomes of tthha sdrtahweisni gs ehfyfpeoctth,e sg ezneedr
production effect would beNHKF&pwWwauwlad ehdav e ta nwaisn

rel at i on snhniepmobnei hca fdirbaswionfg and Ngaemee ryagt iing was p
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t hat-NRC€Cghndi viduals would benefit | esstwoom hi
main reasons: 1) Individuals high in NFC woul
effort of spontaneous el ab oirl eetaidv en gp rt oc egsr seiant g r
recMdddnwhil e, individuals |l ow in NFC were expeé¢
be unmotivated to ex2Zp)enAd tehxdtiwdgah ichoidygnhi itd wael = f rha)
inclined to engagsesimgeldabomnatiaceéi pre trials a
doisnog in accordanceAwhit@ghltws&l almet atuict e oascodi
facilitate a comparabl e a\kdCumptarafi cd eepm tpsr, 0 aeess
comparabl e active performance between the two
runni ng dr ane rnagt ied nf eecftf, eecftépeacatia da mydnatddueesiuira m g
parti@iFant s

Il n terms of findings, the drawing effect,
replicated. These support the current | iterat
witdiubj ectFermanalels et al ., 2018; MaclLepd & Bo
Il n observing the mean recall performance for
paradigm elicited the highest memory perfor ma
| owest average recallitstortscbh@dbhosbtofe@dprroc a:
theorized to be involved with each strategy,
(Fernandes et al., 2018), gepeciationaedcoelag,i
processing (Hirshman K&. BjP0R0Q) 1988d pMcCdudtii e
phonet-specifem processimngp(®@aplaond&eGuatard20
woul d be unsurprising given that the act of e

me motrryac e s , i mproving nmeemorriye vbayl pcruoevsi dfionrg |naotree
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Lockhart, 1972; Badd,elceoympeatr iaslon s 2b0e2tOwW e e nH otwheev
should also be made with caution, as the diff
confounded with diffgegasnwebkl|l i aseaoatbdinmei hbedo
including differenXpeesciifinioaaplelr ybased dinreg tiastkesrn v :
with higher memory performance in the drawing

Addi ti owalcleyd, gsealefr atmso nh aevie elbcete np asrhaodwng t o r e s |

memory performance as well as | arger generat.i
superior memory performance seen in the curre
experi mahb® nmaw etnftee dl dryger encoding interval s

the production effect experiment.

Al t hough the present experiments were abl e
effect, and ,prNd&Fdudteived envfafsemntot foundeto signi
me molreynef Mhs s contradicts the primary hypot hes:s
support the prediAst isarc hf,or tEX e rpiomesretb e®2.f ebhatv
regardl ess ofAsomMd&d&s aNFk® Idaweln.ot significantly
performances f or tlheentwrciotnidng,i otnysp i nd,i sa rmnsdu gsgie s
performances do not lappelari n ot e fdrawiarg oasfsf &
and product i onTlesef i asdsungea satd i tghmrse € hppeo  shielsit | i tsi d
relationship between NFG@o es# gasntde nohrey perfefseecntt neax
were unable to detecfThet séecendoNFeGBedbirmatt ghr a \se
direct menparcy meamhe ¢ tbhdie r at meé switaticht sa tfractor t h.
measured in t.heFipnraelsleynt tshteudtiheisr dppeasisbitloi t vy

encourage el aborative processing in other sce

60



oneNdFsC Inmeawenlt signi ficantly i nfsipeemednoatyne ef f e
stratbgtewere explored.in the present experim

I n Iline with the first possNBClIlway, albse poi
predictive of over dalhle e mavi yn gp erf ff @ rpraar racdal gigms n e
Whil e support for a relationship between NFC
the production effect experiment, these dat a
relationship should be viewetdedvi th caution un

Thmsxed pattern bet weenntNFLs tasnrdp roewiraud gtel
f o ugirde eetceprle Irrf orfmankiE@@ hi ndi vi dual s -NRC compari so
count Cazritoppo et al ., 1983; Kardash & Noel,
Peltier & Schibrowsky, 1994, Reid et al., 199
bet ween the current findings and passt irnesearc
study material. For instanceG tae mdu ntboe rc eonft rree ca
expository materials such as text passages (C
advertising material sKgBekti)al A& S@uicthbr aws ki ys,
these items provideNBMOGriendinyiodwumalt $ onofdel ihb gt
more pronounced memory differences relative t
exper iHoewetvse.r, t he contradiction becomes mor e
findings witgh (t2l0dsle @&fndL abion an and Leding (20
study word | ists.

As suchk,plaameti on regardiomgetrime phese@ot enitm
sampling error. Not only did the current expe

student s, but the sample also consisted entir
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addi t
t he f
wi t hi
compa
possi
sampl

rem@ltii

i onal <cour sietlcirkeedliyt .t hCaotn stehgeu ecnutrlryent s a mg
ul | range of possible NFC scores. Althou
n undergraduate samples, these have al so
red tottherogenfeowamnd piuml|l i Th{ €apceppatetthatk
bility that the influence of NFC on el ab
e with more-NFE€pseése mtsiacthi,on ti nwoludwvd be ben
on of the current experiments using a sa
a similar vein, participants who were |
ated to perform well in the pmemeny expe
rmance -NWHQ hc otuhnetierr phairgths . Al t hough moti vat
nt e x @NerC menrdti sv,i dlueaw s have bNEG shown to

erparts i nAmabimse odt malt.i,v d%t.9 DHEqg r( Oils*etna red e

ersons are more | ikely toviedhgd gwei twh teix tceor
tives (e.g., when given a monetary or so
s) . Meanwhil e, people who score high in
aneous, intrinsicatl gl moofvahedptbosekers
rticipate in exchange for addNEConal cou

icipants were just as mot-NvN@tedubhbeepgrage

havelragds wletleyd eignual bleda sveleinn én i mehr facmrdmd roowve

i cipants, even i f their reasons for being

t while it is possible that the present
re the hypothesized r eledtaitd nsnhsihp pbse thvee ewe

s and el aborative prosamsplieag hheei bgen2 0
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& Ledi ngpeoiby caddry,i rc ufraé& @t «coviedhe col { apsed
point Likert scal e fdroevNlssy ecsfemnaame & rTih®o n t Wiet
experi meirfg Is,-7Wg 3 eadn0d, 4r5e shxicde vfergm t he thesd e>
ranges coincide with previoulsediesmgat2Zzbhlbn muemc
range8af wdl anditmg (2015) #8adund & hredamg e aanp |
However, the esitsaetdi dtyilatidhlesamsaldyd fered from tho
experiments. sStpediidsd cead | par thiod ihpNaFfnQ sg rionut pos , h itght
con@uedNtOVAs to determine any differences. Me an
NFC score as a continuous variabBtatasdicah | i
di fferences could have contributed to the con

Additjibahobtugh it is stildl possi blbe ctohmeet t h
appairrenga sampl e with a owindceeri VNaFbA e atnhgaet, NRC idso
impamdmory effect magnitude. Rat her, there is
factor that was not measurldi#tg@nmt mebmoluiytryent e
(i ndividual differences in Athe system respons
has acquired over wdret H) T2G6PpBanwgh (tphe 8rl¢gl, atUing!
NFC lao#tigegr m nmebmnohrays yy et teox polew odel & ,ebcyt | Ynvsiwo retrh a
(2024) suggests that the eff ectmawenmessesr aotfe de | bay
onddshgr m mehbnolriySipesi fically, they found that
measur ed$ eofm Imemg(riyviegl ayed free recall, pi ctur e
paired asj)werieatealssa ansckrse | i kel y t o ebweenlesf iaf fr c
processing paarladiiogung.h ANSF G udcihd, not demonstrate

mnemoni c benefits of -tdeawmi mghmaimagy ygneondeerraattien gt,h i
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relationships Namwmsli vl ei that individuat®sm who a
me moarbyi Wo thyalve bot h the motivation and the cap
items. As spehfotmegi mighéntly in the drawing
paradigms when compared to those who are | ow

Finally, i toniedds® olsesv éll esitrhmlty does not pose
overbetnheefflirtaswi ng an#l giemierami higedil egel s of pro
parawagmreported by Wootan and LedNF6g (2015),

participants recal |l eMFQGroacunntaargedr two ridms i dhitam t

shall owly processed conditions, both NFC grou
betewme t he deep and shallow item conditions. I n
processing effect was similar betNe&n the two

partidemanssr ated grwWwidatherr egvaeardaltio neealplt esgnt

feasi ble that the drawing and generation effe

all ow NFE€ paghici pants to engage in extra ela
Finally, a curious finding was the relatio
Experiment 1, high NFC scores were predictive

the inver slei gutasNFO usrador es pr eldchiec toepdp olsaw gV Mli Q e
these findings are surprising as both NFC and
tr-hevel diGivemenbescontradiction between the
i nwlmat has been previ cCusalnyd ifvamagnedAlystulr o wgm dti meg N
and VVI Q have yet tother dstrecditeéey, cNf@adees not
significant rel ati omrsenfi @r emmndsdisevaids Wlelmomrsd ¢ &g s in

for ver ballSoijnkfaor&maGiiedéser k a2 0 & Ina-Ho weetv euangl aad
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Ha

(2020) found that NFC moderates méetalkl at i

i magery about theThawefraumse memdatdswihemnldr and ac

per
Con

Con

198

pro

hav

t he

of

ceived as fluent, indivsdoakshhggkri onNEGe
sumpti on, Va smemms nSrcaall cdifWad geerrys .Blowatlver, 200 &)

sumptioni Y sabhefScdl efeormnai nirognit hem&y¥3$ Q¢ !

y for me to i magi ne wieialrid Qhtgh € khd \sp abrrtai ncdi pparnot
ferent | andscapes and everyday scenes.
As such, it is possible that the current f

ternativesdaicalordes sndlhpldNiF-oy mpisasaesdebat ed
ationship with social desirability, with C
ack of a significant relationship in their
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Limitations

I n additiomntadoi ohenanh®&FCI|I rmngeati on concer
of Experiment 2. Although the i mplementation
instruction compliance, this eRDpepitmentewasi tsi

sampl e size that was c ohnep aBraaybelsd sftadcgeosrbser NFC

inconclusive data, supporting the notion that
such, the current findings should be interpre
bef oavei Mg any subsAnaontthiearl liinnfietraetnicoens.r evol ves
size collected for Experiment 3. While the fi

eadht,e third experiment onlgonmstcrailntedudgh shad

current sample size i swirteipirimjsenttsatp rved wdt itdro se
(MacLeod et al., 2010), studies exploring NFC
rel at ilosnsshuicphs,, Experpovwantd@ct st batd i s seen in
mentioned 4N, rasngwel(l as the inconclusive Ba\
st uldhyer ef ore, caution must be taken when inter
this experiment and more data must be coll ect

Future Directions

Future studies could explore the relations
in a more general sample in ordé&hisowget daanmd
the restricted range and wuniform participant
Additionall vy, NFC and its potenti al role 1 n e
consecut iowe itnecsrteiansged retenti aedingaeg@alvaiot Spe

and LedifrngundOtiitg tt i wil teh me ’mNoF G itnedsitvsi,d uhailgsh wo ul
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increased true and f aNIFCe croami ketiipmgltashdveot bea
proposed that t RNFsC waasr thdiauvei ptgon stshreo rhgegrh s emant i
foll owawmgndtadtaely of-smercefi cenhdtsaistdulcthemogh eso
substanti al patterns were observed between NF
current experiments, a relationship could be
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retention ii-MR@rparltsi,ciappardtosv may be more | i kel
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Conclusi on
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encodingAsthaughi ¢edhhe drawing, generation, and
the proposed relationship between NFC and the
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Note: Any signatures have been redac!

80



AppenBdi x

Sti mul i List, Demographic Questions,
Tabl e B1l
Sti mulii List Used in all Three Experiments

Target Definition
airpla a winged flying vehicle that
couch a |l ong, cushioned piece of fu
Kite @& t oy cqnsifsrtaimegvvdft ha tlhiignhtmat e

in the wind at the end
rul er a rectangul ar tool used to me
ant a type of insect that has no v

crumbs

cow a farm animal that prodi
knife a sharp utensil used for
sail bc a water vehicle with fabric a
axe a tool used for choppi
desk a type of tabl el assmooimg fao
| adde] a structure, made of a seri
Scissc a tool with two bl ades 1is
bal | oc an -faiilrl ed decoration commonl
dol | a children'"s toy that ofte
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|l amp an electrical device that

a hand tool, wiist agpietdh édarre aa , f lu
screwdi .
fasteners into wood
banane a |long yellow fruit th
amntrance to a room or bui |l di
door

handl e/ knob

| emon a round yellow fruit th
sheep a farm ani mal that pro:
bee a winged insect that mi
a percussion instrumeint wihtah eni
dr um :

sticks
l i on a | arge wild cat that is kni
shoe a common type of footwea
beet | a round insect with wings and
duck a common aquatic bird t
i ps the parts of the face that
. an open garment worn on the I o

skirt . .
more feminine styles

bl ous: a term for a dressy wo
ear body part used for he
monkey a type of primate with a I

8 2



spi de an arthopod with eight | egs

boot a taller type of footwear us:
el epha a | arge grey ani mald wi thulm
mushr o a type of fungi that has
spoon a type of round utensi|l used
broom a cleaning tool used f
flute @ h-p igthc h e d kWind instr_umentnottha
eys to adjust not ec
owl a nocturnal bird of prey witt
stool a small seat that doesn't
butter an insect that feeds on necta
fork a type of wutensil with prongs
pant s a type of clothing that <co
stove a kitchen appliance use
camel a floaugged desert ani mal wi:
frog a green anmphpisbiaamnm utnhdatand
peanui a common salted snack that
strawb 2 smal | red fr_uit that i1 s cove
j am
cannor a | arge piece of artillery

8 3



girafi al arge¢ efjgerd her bi vore with

pear a sweet ,.gryedn ofwri wiht t hat has a
sweat € a thicker |l ong sl eeve toyg
carro a long orange root ve:
a h-aoadering garment, designed
glove fingers and hand
pengui a flightless, aquatic bir
toast ¢ a kitchen appliance that mak

a smaltle,ggfedurpet knaowrmrfsqgr siotf

cat whi skers
small round purple fruit that
grape: :
wi ne
peppel Often found in a shaker on
a brass musical i nstrument wi't
trumpe : :
bl owing air through a
the | arval stage of a butterf
caterp .
vegetation
gui ta a commenrsnged instrument
pi g a farm ani mal with a roundec
turt | a s-mowing reptile that <ca
cherr» a small red fruit that has
hammer a hand tool commonly wused f

8 4



pineap a tropical fruit wi tahn ds psipkiyk e dg

viol. a stringed musical i nstrument
cl ock a timekeeping device that F
harp a stringed musical instru
pumpKk:.i a round, orange gourd cal
wagon a fwhieel ed cart that's pu

a heavier garment worn to Kkee

coat extending below the w
j acke- a |lighter piece of outer we
rabbi a smalllgeduedymammal Known
whi st | t ool used by sports r
corn a type of food that has ma
kettl a container or device us:
roost ¢ a male chicken that typica
wr enctl a hand tool used for tur
The full stimuld.i |l ist consisted of 80 concret

were randomly TBld ecddfeidniftoiromd uwlggre onl y use
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Tabl2e B

De mogr @upehsitci ons Thursesegp er n maink s

1. What is your

2. What is your

3Which hand do
with?
4 . How fl uent i

English?

5. How fl uent i
English?

g 6
d
C

a 7.

yo 8.

CT-ToO0OT OO0 "Bk

»w s o

. Have you ever
rawing classes o
urricul um?

Do you consi de
. Are there any
ould |Iike to sha
kill s/ experience
0. Were there an
equire us t rec
XxXperimental dat a
nstructions, sl e
nvironment, comp
| ease describe t
onsequences to e
eporting them he
nderstand our re

8 6



Tabl3e

B

The -NMBCScal e
1. |l would pr71 only th13. I prefer
simple probleas | have of puzzles I
2. 1 like to 8l prefer 14. The notio
responsibilitabout smal abstractly ap
situation thée¢éproj ecttsertr
thinking. ones.
3. Thinkingdge&g9l I|ike tal5. | would p
fun. require i is intellectu
once | 6ve i mportant to
somewhat i mpo
not require n
41 would rattlo The id16. I feel re
somet hing theéon thought satisfaction
t hought than way to thetask that req
is sure to cltto me. ment al effort
thinking abil
51 try to antll. Il real 17. It o6 enou
avoid situatithat invol something get
is a |likely (up with ne dondt <care ho
to think in (to problemworks.
somet hi ng.
61 find sati<l12. Learni 18. I usual ly
del i berating to think ddeliberating
l ong hour s. me very muwhen they do
personal l y.
Participants in this experiment rpmdiendt

scaktés¥(y
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Tablde B
The Vividness QueéesWVioennbhi tema@¥e¥kQ
For i#ems$ hi:For i#8ems For i#de€mst¢Finally, t
a relative visualize of the froncountry s«
whom you fisun. Cons t ha you ofinvolves t
see (but wlcarefuIIyConS|der t hmountai ns,
with you atpicture t that comes | ake. Con:
and considtbefore yomind's eye.picture ¢t}
the picturceye. bef ore yol
before yoult eye.
eye.
1. The exa(5The sun 9The overal l13Theont ou
face, head,above the appearance the | ands:«
nd body. into a hafrom the o¢f
of the road
2Characteri6The sky 10A window 14T he <col o
of head, atsurrounds including cshape of t
body, etc. with blue shapes, and
i ndi vidual
3The preci «7Cl ouds. 1lYou are ni15TThe col o
|l ength of <«blows up, entrance. Tshape of t
wal ki ng. flashes o shape, and
door .
4The differ8A rainbo'l12You enter 16A strong
worn i n soltappears. and go to tblows on t
cl ot hes. The counterand on t he
serves you.causing Wwke
changes han
Particie@seextpe rsrnmmé¢teld how vividly they coul
point Likert scales (1 = APerfectly <cl ear
only o6knowd that you are thinki

8 8

d
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