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Purpose : This study examines the serial position effects and serial clustering strategies in
verbal memory performance in younger and older adults, focusing on recall time points
(immediate vs. delayed) and serial positions (primacy, middle, recency) to identify
age-related differences in memory recall performance.

Methods: A total of 40 participants (20 younger and 20 older adults) completed the Seoul
Verbal Learning Test, which included immediate and delayed recall tasks. Recall accuracy
(%) and serial clustering ratios were measured.

Results: Younger adults demonstrated significantly higher recall accuracy than older adults
in both immediate and delayed recall tasks. Both age groups exhibited higher recall
accuracy in delayed recall compared to immediate recall. In immediate recall, older adults
showed a recency effect (recency) primacy) middle). A significant interaction between
recall condition and serial position was found, with a pronounced difference in recall accuracy
for middle-position items between immediate and delayed recall. Additionally, younger adults
exhibited significantly higher serial clustering ratios compared to older adults, indicating aging
effects on the use of serial clustering strategies during recall.

Conclusions: Older adults show a prominent primacy effect and recency effect in
immediate recall, demonstrating the serial position effects. Notably, their increased
recency effects align with the previous research suggesting that older adults rely more on
short-term memory to recall recency items. Additionally, the lower serial clustering ratios
in older adults support prior findings indicating difficulties in temporally organizing
information. These findings underscore the importance of investigating the effects of
aging on mnemonic strategies across immediate and delayed recall tasks.

Keywords : Aging, verbal learning test, serial position effects, serial clustering
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SIet. olol wet yi%ol Q17 W dlofs

7¥sta, A& wolel #Eld w=SKpathological aging)=

it

LS 7199, A4 58, A7 2
et QA G0 ofEEE A= el UtHAkiyama

al., 1985; Park & Reuter-Lorenz, 2009). €3], 7|92 1

A A2 2= 2

AR Fhoz AHA glom,
QX752  HUETHCraik
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& Bialystok, 2006; Davis et al., 2003; Ozen & Rezaki, 2007).
1 5 e dA7ls Aste) 7] Alsg RiFsAl RISt
= AEZ LA JtHCabeza & Nyberg, 2000; Desgranges et
al., 1998; Fernandez et al., 1998; Rémy et al., 2005; Squire
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& Zola, 1996; Wilson et al., 1996).

U371 %(episodic memory)eld 7HQlo] HEEH AS S5t
I Ak, 2% o 4L 5= YA Sk Z19AACIH. ol
719441 238K encoding), A storage), AZ(retrieval)
Al GAZ Fd=cHMelton, 1963). A, F3sh= Rl 7
Z =S AF oz Agste] 7|og Milshs x7] @0t
(Atkinson & Shiffrin, 1968). Craik®} Lockhart(1972)9] 4%
AE] o]Z(levels of processing theory)o] w2w, QJujz H3
SKsemantic encoding)E Bl A= JEI} 7|&9] FHe} 9
njdos At 47|70 axdos AFHEGL gtk E4,
Agoldt RodlE HHE 7Y &Ko fAsks IS Yuitith
AL 47t 5E(sensory register), ©71719 A(short-term
store), 471719 AHlong-term store)2.2 FAEC. FEI}T 7
7t 3ollA JAAE olF, AJA B (rehearsal process)= &l
87}t g8k consolidation) WA ©717]90] 7171902 A
ojgr}. Alg, A&old AXH FEE HaT ¢ Bk Ao
=, 829 A4F off= 27 §53t HPY ol wEt 273"
t}. & Awst Ag IH(elaborative processing)e Azl AR
A4S oS G4 AEE & U

Qlofsl5H A verbal learning test)e= Y319 Hrlk= o
HAQ AAR dHA JOm(Bstévez-Gonzdlez et al.,, 2003),
AERIARl, Ao S 22 AFAoPolE R ozt A
3o AdofekssEs WUl 9ol de] ARESHde Jager
et al., 2009; Greenaway et al., 2006; Silva et al., 2012
Lamar et al., 2003; Van der Elst et al., 2005). 1o18R5AAL
= ZZ5Himmediate recal)¥t A|9A3i(delayed recall) A
E HErh 9A, SAIRE F4EoE AAE oRlE Aldwt
“J(rehearsal process)& B3 FAZHOZ sWote IAleld, T
717199 9 247|983 (working memory capacity)®t Qg
o] Sk AA7|98Fe] E5F ANE oFE HE B3HE
0% {AT 5 YARE LWEITZ HAZol He] 27980l
AztElol 43 IARIA wESEEI SEs] YEhbA] &
=tHMatysiak et al., 2019; Ronnlund et al., 2005; Salthouse,
2005; Schaie & Willis, 1993; Unsworth & Engle; 2007). TR

1o o

d

o= AsVde I AR & sWdske Al AV
< VIe wgsH, Al duie APy A 22

QIETAO]  ofERoA H|ESHHBaddeley & Warrington,
1970). A Ao w=d, ZAHAR|  wEE g
(forgetting)?] A=rt DefAn] Eo] LWZolA Wzo] B& F
ZHAA yehdty  HushHKausler, 1994;  Salthouse,
1991). ol¥% 43I AAYFE AR Aokt AT
Hgsln=s, ol wE QlofdlysE HglE FHHo=E AN
H7] QoM F TAIE BT ATE dRAo] Sith

ofg] dFoAs doflaksHAlIN TEEE AIAX AT
(serial position effect)’}t =dZ9] Y| AlE d&5h=
o f83t AEZ ARMIY  JtHBruno et al, 2016
Carlesimo et al., 1997; Foldi et al., 2003; Howieson et al.,
2011; LaRue et al., 2008; Wiswede et al., 2007). AIEHA|
I AAE do] 559 xpRel THRE FHRHL A
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oz Z 7|9stal el 7I9@ds YuidttHAtkinson
& Shiffrin, 1968). ZEETH= ZukHo] FAY Aws} ofg
WOl Al 7185 Bl AI7I9el A=) el WdsiH,
AaAE N JETE 7P 2o AXEl ©717]99
o7l el €A IAEL Murdock(1962)2 olE AZ
Ao wE I HYeE =AFS o, IAE0] 2R
FHRROIA Ea FEHEROA W2 UA FHY FAHSE et
vy B ausiglth

v, AATIelME AAETTE @R8] Hash, ol2fdt 4
FE 5ol wdFox FE2RA YeERdtHCarlesimo et al.,
1997). ol =3}& Qg U715 =7 AR Huwgk A7 &
S8t I7gE Wofsto], ©@717|Y04 A7 o= Holzt A
gr=]7] gioltt. AAR, ko] mE WS S5 4 (medial
temporal cortex) $%°] olgfst B F3} 5O Aot &
o] Qo= A Ayt RE1uE v QtKChauveau et al.,
2021; Hrybouski et al., 2023). w&hA olst A3 A 2
e HEeR, XAAR] mE dFd Hdse AIHA
a3y e BAFo RN LolE gt 7|9 &9 EA4E T
oFgk g9 4do] Qi

Agxane} A LI A 3 @3 da]Y
Aots dEohke © 8% AEE LEA Ut Wegesin et
al,, 2000; Griffin et al, 2017, Gross & Rebok, 2011;
Shaffer et al., 2024; Wegesin et al., 2000). &%} Hko|zt
B2 9 HRE F2 @92 golA7|(chunkingFo =M &
Hol g4l ®asl AR, QE JHE THske 7|dFo)
thBaddeley, 2001; Delis et al., 2000; Saan & Deelman,
1986; Sternberg & Tulving, 1977). @338} ke HHE 9
ol o] wEh Fsleke 9Wld #3i3Ksemantic
clustering strategy)2t AAl Ao wet FAStoR= AEH
+33} AZHserial clustering strategy)2Z® FEE 4 Qlth
(Delis & Fridlund, 2000). olzigt A3t M2k 3t Hw
o IYo] =2 Zo=m IHA Slof, #HI AT /3L F
IoHA L} AR HlEol =25E I At =
(Brunet et al., 2020; Sunderaraman et al., 2013).

Golomb 5{(2008)°] w=H, wdZFo] HdZo| Hlg] <9n|
A sk Ay 248 A ARSShe H ofEe
=0 Eugity JHO $AE 2AIsl AGH FEE B
E407 QESl: 7l g WYtk AFEEY AGY AHES
BYsto] AFotke WS S50l Lol weEt AEsHEA,
|s2 AUSHEHO JRE SAFeE 7|Ysta fAske 59
o] Astettal StkBlachstein et al., 2012; Cabeza et al,
2000; Kessels et al., 2007; Newman et al., 2001; Old &
Naveh-Benjamin, 2008; Parkin et al., 1995; Roberts et al.,
2014; Tolentino et al.,2012; Ulbrich et al., 2009). E3t 7#
4 FHRe @17199 O Aol SltKFarrell et al,
2011). FZol AXE HEE= HR9 9771 A&A(buffer)
£ AXA g3, AA FEY AL 93] BAE 7Eew A
Wb &XHow QEHT ol A7|719n #©Hol Sl A
PET @771 BRo] e SAIACIM ALY LS
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FTHHoR HuEIA i 53], =WF9 A¥E #ist df
e SAT A ARER AESle] 2AdeEH
A Aol FAdeR ZAEA] GE ARE Aol wE
719 o] wot e Hop wds| mojsiaat 3ty A
wAE T 2

A, B ARET, A 2 ALAAERE, 3L
of weh dojeksAAlld Hd(dd, =¢) 7+ 9 A=
(%) o7t FofR71?

A, AV AREZH, Aol wet AofslsAllM AH(E
4, ed) 1 ALH 23} v Aot FoRrR

1. g+ oy

B A3 ogoxigein AES-E] Y3 (Institutional
Review Board: IRB)ZHE AMSQe e 3 A=
(No. 2022-0112). ¥=°ll 7AFske B4 F9S(ME24.104,
SD=2.38, range=20~29A)) 208 =WH(MEG9.75A], SD
=8.86, range=60~83A)) 20Ho=Z AHTE FESIAC. A
9] FEHY AdE 7IE2 ol 2o (N9¥ 2 wsdsE
18IS W TF 7o) AAVYEHAKKorean-Mini Mental
State Examination: K-MMSE, Kang, 2006) &47F 16%ile
ojfor Al sidsin, (A7 A¥ HEA(Health
Screening Questionnaire: Christensen et al., 1991)° w=t
AFsH 9 BAReHE 3A wEo] gl Ah AREIL
mgl FAE FHol= o BQd FL 9 AdsHo| olEgo]

Table 1. Demographic information on participants

Young group Old group
(z=20) (n=20) ‘ P
Age (years) (224 3153 (689.8765) -22.26  <.001™
bes . am am %S0
(Cr}tf;ll(iérfemale) 614 6:14 - )
K-MMSE (294772 (2183465) (??2) 001"
SGDS-K - (122) - -

Note. Values are presented as numbers or mean (SD).
K-MMSE=Korean-Mini Mental State Examination (Kang, 20006);
SGDS-K=Korean version of the short form of Geriatric
Depression Scale (Jung et al., 1997).

“pK.001

Ol

2t AEN Z¥et M2 Huw

[

= AE Wem AFsiG FtE 2EsE =9l 23
T =¥ (Korean version of the short form of Geriatric
Depression Scale: SGDS-K, Jung et al., 1997) ZAAMIA 84
o[slZ #-&350| §le AE o= Adsiyith

A 2F w5 aolA KUt Zol7h Y=A] ATET] 2o
E=YHE A (two-independent sample #test)S HAISH 2
I, Ad 7 dsdses BAZCE {fo% Aot UEhA|
AoITH139=.865, p.05). HEE A9 7&BA HE:=
Table 191 A5t

2, A 7

1) MEA0{sEAAL

WgAEe dollabee W Sl AeaAdRA
(Seoul Neuropsychological Screening Battery 2nd edition,
Kang et al, 2012)9 dk¢ =9 AEAoleks3AKSeoul
Verbal Learning Test: SVLT)E AAISI¥t. SVLT= Z+ 90
HEE, #9719 EHEE 419 delg 4" F 12709
o] E507 o]folx glow, S4B, AAY, AAHA
(recognition)®] Al 7HA] 3t9] HAR A€ 2 Aode
3 ARl mE ©ol 78S Brksk] fls S Al
AdE AAslgth SZARE 12719 dolg tdAllA
AR ARG & dqAE BAlol AdRgle] 719fRt dols
ASSIEE sijlom, ol ¥ 33 WHESIgth AdIe &
713l 33] Algjo]l B & 20%0] ARt AlFolA AAIskA
on, g7t SAIYY] do] EES oA el =St
TE Sk SV AASY Ael9] 208 E9RE HI%Io]
2 HAE AlFskTh

3. Xz 8AM

1) 3 He=(%)

I AAEEE, AT AGAAEEE FEL o] wE
K AET(%E AS] 9 Jung 52015 STl ZAsSH
o] SVLT 1271 dolg Z¥KEo] 1~4¥), F¥Heo] 5~8%), &
Hio] 9~128)9] Al 7H] fIRIE EslitKTable 2). &7
B %)= 33 AP 5 i ALARCIM SR &
o] HFH 128 WA st do] A 3602 W F 100
S Foto] AklelR, AT A g ALY 5
ok ool (Fd )5 A PdeE dol & Fd 1292 ke

100& 350] ARSIt Table 2). oo wah ALY (%
, 24t b S (%) 9] ARk 33.33(%)0lck

o

FE -101|

<100
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Table 2. List of words by position

Position Word lists
Primacy Azalea, cutting board, rose of Sharon, fountain pen
Middle Plate, felt pen, forsythia, paper
Recency Ladle, lily, pot, eraser

2) AEXN &St HlZ(serial clustering ratio: SCR)

SCRE: 2 S A ST 58 408 2 o
AEsigle Agd 28K 12719] dol B5 Aol wet Aut

8% Gop} Aoz e A ool I @ 2
o 58 ATH Y 52 A ofE ol WA WY

A
S A(EgEF, EAE B SRS Edem

A} 7 AEsI9T, SAREe £ 33 Agglona 33
AR g sl Altelitt. = AN SCRY| FHRE
924oltt. S4BV IO derd & Sle A”H s &
o] Fd Hee 18] AP Al YR & Qe i H45 118%3
Sz F 334, AV A= 13] AlPel== FHdj 11%0]
(1 18=Agd-=vH1]/ 2ot T3 811/ Fgst-ad g[1] /5t
HB-HAIT/ A A - [ 1]/ A |-y [1]/ 7 dE - Fol
11/3Z0l-=1AH1]/=AF- 23 1] /- 1]/ A1 7A11D).

JHHES, wdB) 2t 3 AREHE, 93 2 AE
SRR, 29, 0ol et o HHEOO oIt Aol7h 1}
ERL=A] *e]' 7] 9] “’OJ&OL—I:’LL—.(three way mixed
ANOVAYS AAstgleth. E3h AH(HdS, i) 1 i AF
(=233, Adsphe] e SCRe] Aot Uehtid] Bs
Z} o| A EHEARE A (two-way mixed ANOVA)S AA|51t).

. g7 Zut

1. fE 2t sl A 2 AZAXI TE
0]

a1y YHT(%)

THHES, wdd) 2 3P AREE, A 2 AY 9R(ZeE,

SHE Suhof wE} s Aol frelst 2ol YepER] A
57] el ArPEF AR A (three-way mixed ANOVA)E AAJ5h
Aot 1 Zz Juoll mE FaEW BAKCE Refslol(AL 9=
14.113, pX.001), 959 3P A= (ME25.56, SD=5.23)7}F i
S(VE19.35, SD=5.23)E0h w2 Ao& UeRth s AlFd o
& FaWt SAHCE [OBITH AL, 39=4.413, p=.042). S43VS
oM F FEE(ME21.79, SD=3.07)7} AAsW}e] s} sk

16

(ME23.12, SD=4.68)5r} Skt AFA| w2 FaI: A

FJ51od(Fn, 79=1.067, p=.001), Bonferroni AFEHGS AA|
Slgich I ZAny, 29 3 ASw(ME24.69, SD=4.41)7F 6t
(ME20.94, SD=4.51) & ZHHNE21.74, SD=4.5)Ett So8lA =
At

SV AT ALYl thigt ofat AdeEkgo] FAKCE {9

SIATH AL, 76=5.980, p=.004). olol| oigh A BHo=z 3|} A
A AGAA 2+ BV A= Aot AUEA LorEr] fisl
SR A E8S ARERS ARSIt 1 Zd St
oS4V AdAsVd 7 AoPb [fORt WHH(a39=-4.534,
X.001), ZHH130=-1.563, =.063)% S9H(139=1.393,
=.080)00A= RFelfet Alol7t QlAITK 130=-1.563, p=.063).

At 3 Aol digk oja} AsAkgo] BAKCE Rojst
A QA A 39=1.895, p=.177). X} AZGAA dist oJxk
AT BAXCE  ROSH]  USIHA, 79=1.067, p=.349).
W AR ARl wE Fg 7 AR A2 BAZL

2 [ MK, 76=2.984, p=.057). & Fd 7+ K A
A 9 ALY T2 3V A Xol= Figure 100, 71&EA
+ Table 30l A6l

Y (%)
—
f

1]
—e—
—
—

Primacy Middle  Recency Primacy Middle  Recency

‘p01
Figure 1. Recall accuracy (%) across recall timing and serial
position for each group

Table 3. Descriptive statistics of recall accuracy (%)

Group Test Primacy Middle Recency
(N=40) es (D) (D) (sD)
Young group 26.94 23.06 23.33
(12=20) (4.6) (4.69) (4.97)
Immediate
Older group 20.97 14.86 21.53
(7=20) (634 (6.58) (5.9
Young group 28.33 26.67 25.00
(2=20) (4.98) (6.95) (8.97)
Delayed
Older group 22.50 19.17 17.08
(2=20) (10.15) (9.41) (10.64)

Note. Values are presented as mean (SD).
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AOSEHAM 2y AI- L AAS AXI0f T

(two-way mixed ANOVA)S AR Ay} Fdo @& Fgi}
BARCE ROt A, 39=5.250  p=.028).  FYUS(ME.197,
SD=13)9] SCR7F WWE(AE11, SD=13)HTh o St
9, S Ao wE FEIPL BAZFCE felokK] USkar
(A1, 39=547, p=464) Hdat Ao ofgt o} As28r B4
Ho= ROtk QT 9=1.062, p=.309, Table 4, Figure 2).

Serial clustering raito

°
@

- -

Immediate Delayed

) - I

0.0

EYoungadults ®OId adults

Figure 2. SCR across recall timing for each group

Table 4. Descriptive statistics of SCR

Group Immediate (SD) Delayed (SD)
Young group (2=20) .20 ((14) .19 (20)
Older group (12=20) .15 (.10) .09 (.13)

Note. Values are presented as mean (SD).

V. =2 & 82

2 WS B A 2 AD 90 o
& by oot oby A36] W SCRO| Al Amu T o

ek A, T AR 7S A 9 AL e B A
EO0E ATE A3k ZAeld Bl 3 Jewst AY
o

A 7F UA FehE Hol, HdFol] Hls) do] 559 ¥R

FHR 0"1\1 ‘30 i 94"0} AEEE YERL
. Alg9A R
éi]ilﬂr(Murdock 1962).
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Huzel v Aeielesgel ABH el Hazel o
28 PuE O W SRl 4FL Mol Aom sy
S oot W, AQIelE EET wdE mE iy
A 7P R S4ES HYoMEN) M) P, 32 9

AR ge HARE A @4e] BaEgt B8 k-
Wgeld  HAmmbh  REeXA gasigon, ol
Carlesimo $(1997)°] @47 Aol stk AALgL 22t

Tl
ox
i
ol
it
H
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ol
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ng
1
Ml
18]
Ton
r
I
o
El

7] B33} dAlM FEE AwsHA Asty 3

goll A ofgfZo] Ao, I Ay =|dF9 ©r]7|Yo]
7719082 fiFow HolEXA X3k Zo= siHd 4
(Atkinson & Shiffrin, 1968; Carlesimo et al., 1997. Walsh
et al., 2014).

ESH A AT ZHHROA FE =2 IES H % s
Fo 9Ag do] FFo] HxE AXE7] HE] F
HHRHED e g2 AdY 7)3E THRId= ﬂ:rL A3t
(Rundus, 1971+ Wg o] gt} A|99 7|37t BEE
A7p71elor Host & Hoky dEHA doH(Wiswede et
al., 2007), ZyHE o] IPFEC] =2 AL ol=g EA0lA
711%t Ao=w siAd & Qlth ®HE, FdFolAe PJ*J /\Vq
of ARl 2FEIL FEXA YEHeH ZE
9 I ALt sAdE FAhdle TS E%ﬂ(?:‘?J%
gh) S, ZEERo] QXE do] EEo] o g2 A 7|IFE
7 7] 2ol =2 SFEC] YERS ﬂ_i £ & U

S92 =Tt AR B s
A e A2 A71719E gkdshe E AA *
5 ojdo] AANE ARE Iicte AR, 29S| B A0
dojufAA g FEIF TAE7] ggo] SAIgETG AATS
oA 31t HELTt dolxe Aol AUrHBaek et al., 2012).
JEuy & dqolMe 7129 A 9, 43449 ﬂ ¥ A
7t o RA UEE ole S48 RHE A|do] AEE 4
7171902 HolA|A AT B w2 4 Fg==g ojojF]
< 7FsALE sfAdT.

=, & Ad 7 3 AA] IE SCRY Ao|7F FogkA] 4
w2 2y, 3 Aol BAgle] kdFo] HEFET folstA
Fo A 43 58S Hol: Aoz yEehrh ol: thol
55 I Al k@39 ALy 4% 599 #9E Aske
B A8 A5 SREISIH(Golomb et ali 2008: Kausler
et al.,, 1985; Naveh-Benjamin, 1990), ¥&0] HRHE &A
Y& 7|9stal ol AAFCE XAl Ao oFeE H
9l AoZ YePFtHNewman et al., 2001; Kessels et al.,
2007; Old & Naveh-Benjamin, 2008; Ulbrich et al., 2009;
Blachstein et al.,, 2012; Tolentino et al., 2012; Roberts et
al, 2014). o3t Ax= W32 Qlof AFAE dud <A
A e A7 9 223} 5] &Aoo YEit 23 4 9l
THCoffey et al., 1992; Graff-Radford et al., 1990; Haug &
Eggers, 1991). AFHS A7, 392, Ag 4 xZsiet
22 1Ak A= ‘%!L‘;}O}htﬂ iﬂoﬂ w2t oj2fgk 7]
o] AstEHA AZH %@9} o FAZHl JFE WA
< 770l Sith ER HES2 10“—'1 %Ji‘ﬂ' AE A
2 Adgoln duEA Afsks © oEeE Hthy Hir
THWest, 1996). °l= AYd 43t Azs H8sk=
g9 HEEAA 7RI A=, AFY 7Wre] HIYr
Ao}t #elo] ZrHCraik & Grady, 2002). & AToA et

o L

N
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¢ RU39 W SCRE Wil wE ARY Vs Asiet A
Pls Adstz A 741%‘14 w3et dee avHoR HES
= oz 4L 5 Uk P AFel
AuHEE, F J‘:P T Adspdel s 5243
ol AL #3et defe ©E @Wol ARSI Tandt
Ward(2008)° wE™ é&ﬂ Fe 9ol BES AR 11001]
Ptte Agem @77|oe ALk wA WERE, x
Hhol] AAJE dofjderE *lﬁ SOl @71 W AEE At
o AFSIAH. WA SZA3VJOlA AAE Fofo] AL
A AEIE @71l %ﬂﬂoﬁl—i ALH I3t ke
AR BolFE Aem siMEn whd, A 4 Al
ol A T W] wet wolvjele] AEst gasy] gE
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