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=deletElAl 2t

o

=3t mE 7] 5 QA A3}
(age-related cognitive decline), Yo7} X|ujj e} 2
o B4 A9e wdsl del 444 99E
Juetn FIA0RE SUA YU B
a7l ahe 2se 2 oldl Aw 4
Az A e W Ax wsE A
wdy) skl A3k B4 ABE P
ga A7k el BEel WALl
o Ae AsldN edEe A Teage
2 Aegele dojzuI 2e fuk &%
(Colcombe et al., 2004; Liu-Ambrose & Donaldson,
200018 AR A A5 2 #E
(Hastings & West, 2009; Winocur et al., 2007),
s29 AFEY 2R E7E o8d A9
AA sgol} 2% FeE W 9A AF 2
AL FH@AdT BH8, 2007, Fairchild &
Scogin, 2010; Lustig & Flegal, 2008; McNab et
al, 20009 ©|27174A] ThgE HE A eAE
(protective factors)?] QUA] =3} x| @ 2|uj|
dfe] Wtem AAHL U 53] frat
& TE 22 AAH g A5, A
7l A=
A ZuswA, QA 7ls
g B A7 AgE ol
ST} (Erickson et al, 2011;
2010).

e 1 Rhe] AJuf o Z 2 gl
A wpokgol 3 4718 ong termyo] 1
2l g INransfer effects)S 7FAE & 9
of g ofgo] AEFAHeR A7|H SheE
et & ¢lS Ao]thBelleville, 2008; Noack,
2009;
Zechnder, Martin, Altgassen, & Clare, 2009). H=3F
ol2fgt o] ujFe] Auf oY Zme]
71 7P E3el tigh Aol waEel &

ju

el

oM.

Muscari et al,

o rr wx =

Lovden, Schmiedek, & Lindenberger,

lo
tijo

oft
—_

r H‘?ltlté
B
o

o 0

o

QAxaol & itk 7Y £
F3t B A} (stimulation) S 53]
wxe) RaP Ws ledE B2
= U EMahncke et al., 2006; Zelinski et al.,
2010] EAlERs W, wd7] T 7k
(brain plasticity)®] $HA|9} 544 Id JeiE
e Hop AdE ekl Q1A Ajge] e
3= A ANoack et al., 2009; Kim & Kim,
2014; Park & Reuter-Lorenz, 2009)0] ZEA| 3t}
AAE 48 &4 7}AA (experience-dependent
plasticity)2] 7] A2]E Fulgteted] =d7]d
e 47 2 AA A%E AFoA
A7 s Adehe Wk Pxae W
FAE wdy] S s1age 544 sHdl
BAA 7}4d (compensatory  plasticity)o]] 27 &
Fh odiEeh wdl Ax gEe R %
gl & 719 FHol 5%

Polu Bl aaks wheA] 7hA
A EATHE A (Zehnder, Martin, Altgassen,
Clare, 200902 =%159] 719 58 S5
me £ wa £F ghed e 4
ATHE H 3 (Unverzagt et al., 2007)E A= 9
Fo] A T e AHAESL $A49
P F5FE AL a7t F wd7
T o] AAe dAe e
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22y / wiy| BYK S| T

zeagel 4% AAs @Al d@ 42
neE nYg ABIE Gulsks 47149
Qold wEA Agsolol & wdY 3

)

'y

491 Aol
th ool ¢} 2 we A o 8l Q1A 7]
5 HEe 93 Tzl Fuel WA 3l
A BT, A= Fdste] &2 &
=% o A9 Agdd gL T & 3
= Aol
% e B wpe A2 BuaA A
7] H1 w37 T3 B 7Hd(compensation

hypothesis in aging brain)ol] tH3lF =2l & A3 &
o2, =d7] A Tl T 7kl
d el tigk AFES st
T 7rade] AR e
A Ao WIFde AAet=H

gkt T2 WA 1) =37
2] A3 P b 7o) o
g wd7] T 7k
Azee vee Fo ME
T3 /1A] 2] ] B(brain/cognitive

reserve)(Stern, 2006),

o L Ho
Bodr X rs&
_>|~14
gg
O
e o
rif
|al
(]

U G

ol
—_

to 4 fu X tg oo K m
N

A F-Z 5 2] (posterior-
anterior shift in aging: o]3} PASA)(Davis, Dennis,
Daselaar, Fleck, & Cabeza, 2008), ¥F4 H]t|Z
A ZFA(hemispheric  asymmetry reduction in
older o]s} HAROLD)Buckner, 2004;
Cabeza, 2002), HA} ©]E-H]-8(gain-cost)(Baltes,
1999; Kim & Kim,
2014). Yo7k & =& NuE B 7
ZIAE vt g Y A w3}t Ad T2
aEe Ho golerwAe A4S =95t
= d7] A AL WIS At

gk

adults:

Staudinger, & Lindenberger,

o,

d7] Y 7tAaA

J: Al leefe| 2 7pdDnt M gt

7}
7d@el
F24)
SHTH(Cramer et al, 2011; Reinoso Suarez, 2000).
ol & W3} Ve T 7K, Hi
7}A A (cerebral  plasticity), 217 7}AAd(neural
plasiciy) 5| G012 B, A7 A|2slo] <)
pup e A3d wed snzg

7%, 7%, 2% AT F de 59
o2 AHowlm JrKCramer et al, 2011; Kolb,

Teskey, & Gibb, 2010). &J7]ol|A &|FZHE 9
Age PR Qe Fe AF, o
TE BEe FTESH, WREFHY A=

w3 wstl wE A7 HEt
ol WA A= g
MU s

/‘q(synaptlc plastlaty) A7 A 2"l 7154 A
T(functional map)®] WSFEA 9] HAFAH 7iA
4 (compensatory or functional plasticity), 3=}
TEA 2AR= 2 AXE
o2 FEETHCramer et
al, 2011). QEbR o2 AP~ Tt L whE
4 Aol st e A <ol 0y

(hippocampus)©f| 4]

28 X (neruogenesis)
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de Aze AW
synaptogenesis)ol| | Q& FE|Z
WEE nlach nE Fe
o %3 2ol wad ol 4484 3}
o WA Wste Qe T ellA A
o ool 7AW s)5H 42T
S WEHKob et al, 2010), VI ELTE F
¥ 7kavdel gL MEA FE Az 7t
23 71548 £ BHAA AL 23

BCK Cramer et al., 2011).

& A (spinogenesis &
2] (morphological)
7154 7HaA

LH7| T 7tede| ERHH
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axEvd, =sge 9E F gle AN
wd7] 5§ 7hagel B Fssters A
Fo ox] w3} 9 Zzgde] AAES 9
7hethe dl 2xAolgta & ¢ vk =47
7 7] Thed st A vial 8
NAe % e el €de AN
T gtk @ &9 AL Azke Ty s}
249 A0S BAE Aow 4etn, =
71 A A g FHEe AN o]

;&

E1E 4 9)thBackman, Nyberg, Lindenberger,
Li, & Farde, 2006). o]¢} 22 7}4 3l 2
Be ATEe wdsld AskEe 27t 7]

& AFAA J9 2 A Ae %

= [¢)
Ed?'%oiéd APF 2ol B9 3 7
sHo7 AZAFYS HoFEm ) THMahncke

et al., 2006; McNab et al., 2009; Zelinski et al.,

W, T e wdr] F 7t
o] Y#EA HAo] AAEE AXH G
o] iyt Fg3h WA, wdr] T
7harde] Ao wE o2 JeE =efdrt

3
AT H3(Kolb, Gibb, & Gorny, 2003)=
SHEA o]l Hh Hietn thateA
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AgS BATHKolb et al,
Ase Aud g
stabilization hypothesis)2] oA o]s|E <
A THNoack et al., 2009). o] Ao w=H, A
T ARG 7] Hle F8 A HFE
(main neuronal categories) 7Fe] T3] W& A
gk &
olF A=

2003). ©] 9} ¥l

714 (selective

fo rr 2 M o o a2 o & Jo Lo ffr

Z(synaptic connections)©]
FHE EAstE W,
H] ;g_gxq o] Al 7:]/\] 2<Hl o] \:]- 5}5]
ol Asle A qbgs Ao
ﬂ%@i?%ﬂ:2ﬂ101$44E%MM
HAeE ANs dFEe HEH AR

A A
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212y / =] BAN T 7kh

wiring patterns) 0.2 Al {1, SEE D H| 8 &
2ol AU~ AZEL et} o|zg Ald
A Pyt AAAA FoiA= FRHSE A}
Soleke 4@ ggd o8] dAo=z Ay

e, 7H, ol #7F Hols &) fef vt
BrRoz gHE T2t 439 g5 4
g FEr A9 A" A% B 528
Aoz nAAQ Heloz Hgslsls Feo
He ety ¥, Adr|er wdrle] 417
7beE HEShE A1 Azl dlelA B
B A d2E AAshe W X9
€t

e A7]elA FEford AL wd7]
AR~ MRS Zdr)e AQdEn =293

Ao 7Hget7] oldte Abdoltth w=d7

Ad A%
A we 2 F(gene expression profile)o] %
dA7] Ho AAHA vt2rts AF H i et
al, 2010 AMH2: kel Y Ed o

’JZ(axonal growth)s A 3] 3l=

Goll wheh WakgThe S HelFoas,
i A58 Yegol w88 4 9

w5 HojErh ol
A A 7 Aol QA Il FB A
o] = V}7|% 3t} Brehmer, Li, Muller, von
Oertzen?} Lindenberger(2007)= 43} 719 A

54 sled wEs

47
el
.
" 21
&
o
~ 1
I I |
A and  AFes§  wndE§
O 1. 7| oA 3| o H Xlo|: Brehmer

S(2007)9] AT Zng 457 S e,

0 IRl eafe] 2y pdnt AHE Lot thet ZHEE AT

o A" E FPof Aol
dl, ok, Adde 2
(mnemonics or strategy instruction)S 2 -8-%+ Wb
& 3 (practice) C2HE] 5 TIE A7 01
29, dgiEthe A ghFelAnt A
o F& ZHE VU F STk 19}
< Zas a9 19 AAEo 9l

Ty =d7] T 7] Aol
@71 Adrel vlel ZaEol a1
o =3 td=ve AMd= &k,
7] T e oA B Wk sk
AR RolFTh widr] ¥ Wt 4
o 59 WeRe FHow
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/\ 011;}.
5 Q1A sl el Yol
BT F5 AT5E Tohhe
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ol 7Mke Al 71eE He
w7 A3 Wel A7 Av) wag A
AE Aoz seiv.
X] E(biological markers)2} & 4 Sle

. Z T (amyloid plaques)2} 21734
(neurofibrillary tangles)o] QUA|A o2 S
Zetd =915 F4H 2 v 2id
ojth. ole} Z& Ayte WA wdr] <l
0] 217382 w=3Kneurological aging of the
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2 olydt Ex12Ql A 39 W] g
olglE Aoz A Ak

wdr] BA 7hAd:
BAA T4 7tAAe Bd
Fiul A QIX| 2KE 2E
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=
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U2 / Ld7| BEA Tl Tty QIR wale| B HEnL AE okl gt 4R T

HAR il 2As RE: PASA & et al, 2004) 52 QA IA| gl L3e
HAROLD Hele® HuE3w r}h Davis S(2008)
& Aol JFS = F Ie ol +9

ANGE BAG T Geolst wage Ush

&) 3
A2 2 #25 =edia vk ol waw, 3t Ade] w3k HuHdth a3 32 olgt
AA Al ) A, 7] FHe A7) T 22 AHE 2935t AAsta Utk

A7t FY HAE 7R u Ldstete T E 02 9 d7e A A £ Al =
g ol9e tE F47 JI5E Pdget W] FHvF dE B4 99E et
AU B4 949S 7o) skt S B A FEstn 9tk o] AFEd| waw,
Q1 TKGrady, Mclntosh, & Craik, 2005; Mailler & — Z-20]Eo] Qx| IA| & A] g & Wi
Rajah, 2013; Spreng, Wojtowicz, & Grady, 2010).  X|-$41 E=AE Holx= d¥bd 191& HhH
oj9} e AT Haol wet wdr] A7 Al Adeste W FUbE e Btk )
2®lo] A7eA st gt dFe B #, Adr] FHe QA BA FA
A ARTE A7 e 7] F 2 WY @F wkh il gkt
oAl A71E gtk 53] =R19] A% $5 w3 B} @it SAsiE = v vgA
g gFc] #AaEa AFgel HY st e Holy W, wdrlde olsh £ H|
© A%l BaEa da, ol¢h 2 A U]l Hhdste AFo] EHllde Zolth
o AF-TEAX|(PASADavis et al, 2008) =& o9} e wdy] Ty gubg gEA =
2 AZAglElo] AAE L Stk PASA Rdle  she Wb HUlAA 7HA(HAROLD)(Buckner,
wd7] 727b 715 AukA o] 1S3yl 2004; Cabeza, 2002) RElZ HAlglE|o] Ay

H 5
9% %9 999 a4 B9 BRAES 3 Aok AU A0 24 D999 wd
A71ska lom, A1zt A ZKGrady, 2000), 43 7] R S 999 B 243 el
719(Gutchess et al, 2005), = A (Cabeza o] 2+ 7]A(Reuter-Lorenz et al., 2000), Tl

]
[P

Parameter Estimate

Parameter Estimate

2ol ¥

T8 3. PASA m{E: Davis S(2008)2| ZItE 25 +¥ct U8 (FHHH, 25 Ze).



ZH: a= Reuter-Lorenz?} Lustig(2005), Reuter-Lorenz

7]0—,'1(Logan, &
Buckner, 2002; Reuter-Lorenz & Lustig, 2005) &
o A 49 A BRIE W, @eols ¢
BT A BHIG =B AT A4S
de 2r4H BB Yot 719 ABCben
1997), 4= " A (Grady, Mclntosh,
Horwitz, & Rapoport, 2000) 59 A 53
Al #ZHE T}, Cabeza, Anderson, Locantore2}
Mclntosh(2002) :=d7] b v A 7ha
ARL WA wol AN AD W
N w4 hedel wdow 4Rs, 24
7] (source memory) THA| Y el|A] F-2ol 52}
e A 7e s Hole wRlEe]
T A9 &F8E Hole W
7169 =5 FiT A Zede B
AttE A 2AE AA =
o] 719 5o FA = A BEEE P
7] #Hutat S4 Asket wmdy] gk 24
3} AgS aoF AAZ ATFEReuter-Lorenz &
Lustig, 2005; Reuter-Lorenz & Cappell, 2008)<
Hol Fa glow, b 4 719 Q&AM
A7) s T4 243E HolFa ¢

A FRE} e A FIPEY w=2lE0]
Holg 74 &F4< HlaF22A HAROLD

Morris,

Sanders,

Snyder,

of

et al.,

E
2
R
]
o
NS
Lo,
[N

rl

(2002)9] 947 LHBS A5 +FE LIS (S Biel, 2%

o] BHAA 7]5E F5(Cabeza et al,, 2002)
SHAlE o

g QA gAE mdo] wQle] HAdA
AA s FAH T taPE Fst
o & capacity) g2 A gtstar 3l
W, PASA®} HAROLD R4 w17] <
7I'e FHAM =Eue 24
A godel gsts VA AE
AH(functional magnetic resonance imaging: ©]3&}
MR) §& &3 7MHoR HoFoen =
4] A 7% Sael A5sn 9k B

FHZ A #A 7)1H A G rapid
event-related fMRI) A= il

A4 AZRel 4 AES W Feay
WAH Bo] dolbt HYE ok TAA
o2 Ho]F3 IthVelanova, Lustig, Jacoby, &
Buckner, 2007). Velanova =(2007)°] W=, =
W7 S49 B4R 9T ATol} BAT
S EAd g gngom Azlshs Al
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2oy / wiy| BAR | Jkaa: 1| o] A T R WK Chet R 1T

A9 2] o] & (Extended Resources)

S 1=
Ty

D zEY AX $F 4 A%

Ay
3eol A2 :
=T ] |—>

—
®

Z4H9 AW 5o = |

A%
o

WAH 5SS B8 xxl '

4 71 R P
[

NN

T2l 5. Ba-ols 2E: Velanova £(2007)2] ¢ Ui2g 25 X5 2.

E2 93t zFolv} A H(irrelevant stimuli

information)Z A|o]dtE AFHS w/f=

or

s

ZAd9 <9x Az FHH(frontally mediated
controlled processing)©]| A TR A AP,

wydrle] 249 A Ael e Feo

1}

Bels) e PP Holzth Feole P
249 A 7 FEe diEor 274
B} 28 2 (resources) S 8-l FapA Q1
AA AFE Mestn FEE A3k A
= Hols W, =919 A9 Z7]9 ojg &
e A Azt 5] o] FolXA Réln w
o B2 AdEe] $RHER oHdHE A
Bl olfg 7] 1A A2 A elA

AR E Ade] T o ES vy 2o
o] Ed(load-shift model)(Velanova et al., 2007)
2 AgEr, 08 se AF9e WA= she
28] A3 7]e(executive functions)©] =1d7]o]

ofm@ WAew WgEo] A5aeAT wol

TORMA, BAAA AA] AABY e £k
£ AFsta stk
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Compensatory Brain Plasticity in Late Adulthood:
A Review of Compensation Hypotheses and

Interventions for Cognitive Aging

Eun Young Kim

Kyungpook National University

This study reviews recent findings of brain plasticity in late adulthood, focusing on compensation
hypotheses of cognitive aging. By clarifying the extent and characteristics of brain plasticity in the aging
brain, this study re-evaluates current interventions for age-related cognitive decline. The models of
compensatory plasticity in the aging brain, such as brain/cognitive reserve, posterior-anterior shift in aging
(PASA), hemispheric asymmetry reduction in older adults (HAROLD), and load-shift theory, are discussed.
Based on these accounts, current interventions for cognitive aging are re-assessed for their roles in
preserving cognitive functions in late adulthood. Rehabilitations that are intended to offset adverse effects
of neurological aging should be conducted in accordance with the direction of compensatory adjustments

in the aging brain, reducing the cost derived from the overconsumption of compensatory resources.

Key words : Age-velated Cognitive Decline, Brain Plasticity, Compensatory Brain Plasticity, Cognitive Reserve
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