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A Comparison of the Prospective Memory among College Students,
Normal Elderly, and Parkinson’s Disease Patients

8 Jiyoung Pyun, M.A.*, Yeonwook Kang, Ph.D.", Jaeseol Park, M.A. ¥,
Yun Joong Kim, M.D.%, Kunseok Park, Ph.D.5, II-Woo Han, M.D.*

Hyoja Geriatric Hospital*, Yongin; Department of Psychology*, Hallym University, Chuncheon; Department of
Neurology*, Hallym University Sacred Heart Hospital, Anyang; Hallym University Institute of Aging®, Chuncheon,

Background: This study was conducted to examine the effects of normal aging and cerebral pathology
on the prospective memory and the relationships between the prospective memory and frontal lobe func-
tions. Methods: The subjects were 30 college students, 30 normal elderly, and 30 Parkinson’s disease
patients. There was no significant difference in the mean age or education level between the normal el-
derly and Parkinson’s disease patients. The Cambridge Prospective Memory Test and the Prospective
and Retrospective Memory Questionnaire were administered to evaluate the prospective memory. The
Seoul Verbal Learning Test and Rey Complex Figure Test were given to assess the verbal and visual epi-
sodic memories. The subjects also took the Sorting Test, the Korean-Color Word Stroop Test, and the
lowa Gambling Task to assess the frontal lobe functions. Results: The results showed that the prospec-
tive memory declines with aging and pathological process. The normal elderly showed significantly lower
scores on the time-based prospective memory than the event-based prospective memory, although the
college students and Parkinson’s disease patients did not show any differences between them. Many
significant correlations were found between the prospective memory tests and frontal lobe tests in the
normal elderly and Parkinson’s disease patients, although only a few correlations were found in the col-
lege students. Conclusions: These quantitative and qualitative changes in the prospective memory by
aging and frontal lobe dysfunction would support the de-differentiation hypothesis of aging.

Key Words: Prospective memory, Aging, Frontal lobe function, Parkinson’s disease, Dedlifferentiation hypothesis
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Table 1. Demographic characteristics and the K-MMSE score of the col-
lege students, normal elderly, and PD patients

College Normai PDS Post-hoc
student® elderly (n=30) F (Tukey)
(n=30) (n=30)
Age (yr) 2087(143)  69.10(536) 6673 (589 101448" a<b=c
Sex (M/F) 15/15 15/15 16/14 - -
Education (yr) 1350(0.57) 843 (3.75) 858 (4.46) 21501 a>b=c

K-MMSE - 2700(1.73)  25.10(3.06) 7.19% b>c

*p<0071;p<0001.
K-MMSE, Korean-Mini Mental State Examination; PD, Parkinson's Disease Patients.
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71 theo] AAF ol Auk e il upls $x) Aok £o0)9iT
SVLT] AfQIdALl M= HA] tekY Ao =3o] 714 -5f
oLt L] 7 ko] spaifol= WS A| oFkek Wb RCFT
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2) leslot SFirfo| Ha|A Hatof mE oliAIE7 Xk 27 [X(Yst
71e) 7to| 27| i3}
u)e| A 2)7]2) 7 AF] CAMPROMPTS} U3}7| 21 7ALS] SVLT
2 RCFT] SeARA A48 AAske] st wz]2] Halo]
wte} ol A|E) 7)o 2t dstr]ole] Aof ofH Bkt QeA] A
HYFTH(Table 3). TP Zghe] 7% CAMPROMPTZ 7} A7t

Table 2. Prospective memory and retrospective (episodic) memory test results of the college students, normal elderly, and PD patients

College student® Normal elderly® PD¢ r Post-hoc
(n=30) (n=30) (n=30) (Tukey)
Prospective memory test
Cam: Event 15.60 ( 1) 1243 851(3.52) 41.96" a>b>c
Cam:Time 9(2.89) 11.01 8.02 (4.00) 35.98" a>b>c
Cam: Total 3001 (4.23) 2337 1645 (6.41) 35.20" a>b>c
PRMQ: PM 19.04 (3.42) 1521 (441 15.12 (4.78) 803" a>b=c
PRMQ: RM 2(361) 1752 (4.70 17.33 (6.45) 540* a>b=c
Retrospective (episodic) memory test
SVLT: IR 2852 (4.56) 20.17 16.92 (4.44) 5742 a>b>c
SVLT: DR 1040 (1.44) 649 490 (2.50) 58441 a>b>c
SVLT: Rec 2361(061) 2130 20.08 (2.01) 38.79" a>b=c
RCFT: IR 27.39(4.91) 15.89 9.01(5.18) 96.04* a>b>c
RCFT: DR 8(4.08) 1511 834 (4.16) 122.50" a>b>c
RCFT: Rec 21 01 (1.70) 2030 1842 (1.60) 15.54% a=b>c

*p<001;{p< 0001

Cam: Event, Cambridge Prospective Memory Test: Event-based task; Cam: Time, CAMPROMPT. Time-based task; Cam: Total, CAMPROMPT: Event-based & Time -based task;
PRMQ: PM, Prospective and Retrospective Memory Questionnaire: Prospective memory component; PRMQ: RM, PRMQ: Retrospective memory component; SVLT: IR, Seoul
Verbal Learning Test: Immediate Recall; SVLT: DR, SVLT: Delayed Recall; SVLT: Rec, SVLT: Recognition; RCFT: IR, Rey Complex Figure Test: Immediate Recall; RCFT: DR, RCFT: De-

layed Recall; RCFT: Rec, RCFT: Recognition.
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Table 3. Correlations between prospective and retrospective (episodic) memory tests among the college students, normal elderly, and PD patients

College students (n=30) Normal Elderly (n=30) PD (n=30)

Time Event Total Time Event Total Time Event Total
SVIT: IR 046" 0.22 035 031 041* 042* 068t 034 0,60
SVLT: DR 0.16 023 -0.01 -0.01 035 035 0.52* 0.18 042*
SVLT: Rec -0.20 -0.04 -0.18 -0.18 028 035 047* 028 044*
RCFT:IR 030 0.10 0.06 0.06 0.38* 045* 029 026 032
RCFT: DR 023 0.04 -0.04 -0.04 029 0.38* 032 037* 0.40*
RCFT: Rec 033 025 0.38* 0.38* 0.14 0.13 035 0.26 036

*p<005;1p<001.

Time, Cambridge Prospective Memory Test: Time-based task; Event, CAMPROMPT: Event-based task; Total, CAMPROMPT: Event-based & Time -based task; SVLT: IR, Seoul Verbal
Learning Test: Immediate Recall; SVLT: DR, SVLT: Delayed Recall; SVLT: Rec, SVLT: Recognition; RCFT: IR, Rey Complex Figure Test: Immediate Recall; RCFT: DR, RCFT: Delayed Re-

call; RCFT: Rec, RCFT: Recognition.

Table 4. The results of frontal lobe function tests in the college students, normal elderly, and PD patients

College student? Normal elderly® PD* . Post-hoc
(n=30) (n=30) (n=30) (Tukey)
D-KEFS
Sorting: Sort 11.31(2.20) 531272 462 (381) 44.94* a>b=c
Sorting: Score 53.80(15.89) 4140(20.71) 2960 (16.15) 7742* a>b>c
RCFT: Copy 34.56 (1.40) 3222(257) 2600 (0.26) 35.38* a>b>c
K-CWST
C Correct 00 (2.67) 82.32(19.44) 6542 (24.43) 48.86* a>b>c
C:Errors 036( 7) 1.30(1.80) 41(4.28) 9.87* a<b<c
CRT 94.70 (21.43) 11889 (3.32) 119.30 (2.61) 3763* a<b=c
IGT: C+D 49.21(10.52) 45.78 (8.76) 4840 (10.61) 095 a=b=c
*p<0.001.

D-KEFS, Delis-Kaplan Executive Function System; Sorting: Sort, Sorting test # of sort; Sorting: Score, Sorting test: Score; RCFT: Copy, Rey Complex Figure Test: Copy score; K-CWST,
Korean-Color Word Stroop Test; C: Correct, Color reading: # of Correct; C: Errors, Color reading: # of errors; C: RT, Color reading: Reaction time; IGT: C+D, lowa Gambling Task: C+D.

oA v A7 SVLT S281 = 046, p<0.05) 5L CAMPR-
OMPT Z# 2} RCFT 291 = 0.38, p<0.05) 7kol| -S-oJu] 3t AlkatA|
7h O THE TARE Zholls R el AL e
kT RhA A 19l Hhe] B-ofl= ARFEIEA vl A7
3} RCFT AQUr =038, p<0.03), A1) u]e)A|2)7] 2} SVLT
28173 r=041, p<0.05) % RCFT Z243)/3(r=0.38, p<0.05), 1]}
AE71e 243} SVLT 5.7]—§]/\]— =042, p<0.05), RCFT 2734
(=045, p<0.05) 2 RCFT x]om =038, p<0.05)0] R-Ju]gt A
TIAE LR RIeE 3HE TRl 3t ke Aol Al
Z2 n)A 7|9 SVLT——] ne ]E% 2 Z7135)AHr = 0.68,
p<0.01), AABAHr =0.52, p<0.05) L A2r=047, p<0.05)2 2]
Rk AHAIS LERHAL AR 94 WA 7] RCFT A
3144 =0.37, p< 0.05)T} -] 0] 3t Ahﬂh} |2 LT} w5 ulel A
719} F4-& VLTS Z23Ad(r= 060, p<0.01), AIAZAHr=042,
p<003), AR(r=044, p<0.05) Ell RCFT 2|9A%] Ak = 040, p< 0.05)3}
Fropm|gt Al E ekt
EHi ko A= njg A3l 7] oln) Aslr|o] 7ke] &-oju]st
TAZE AL UrepA] ek kot A/ =9l Rkt wlsw 8

A Fgol A vl AE7]elo] Us7lolat gojul A S
Uerdick

Catet 2| Hatof e Oj2h7=7 |z
2| et

 EE 715 2

[

1) TFY 7Sl et 2 HII'L

Al o] A 715 SEEE
3} %AcH(Table 4). D-KEFS %‘%%Wo v‘i'— T = e Aol

2 57 2kl W3] A55] Wekom A4 ] Ank w1ay 8
A} F et 7holli= G-olujst 2fo |7} 3 M1‘4-( 2 ,87] 4494,p<0. 01). 1
Bt 55 o] QlofAl thatl, AL =
420 2 Ze8)) 2jo| 7k LFERFTHE [2,87)=7742, p< 0.001). RCFT EA}
oA ok ko] o] 71 4ol 1 FIm A el
Ak w718 32 Aok 420]QITKE [2,87]=35.38, p< 0.001). K-CWST
o] Akel7] kg ol M e o] 7 943t S B
L 71 o0 2 A eQl Ao mRRIE S ekl vl
ou|HA| -3k 42332 LR QITHE [2, 87] = 48.86, p<0.001). IGT
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Table 5. Correlations between prospective memory and frontal lobe function tests among the college students, normal elderly, and PD patients

College students (n=30) Normal elderly (n=30) PD (n=30)
Time Event Total Time Event Total Time Event Total

D-KEFS

Sorting: Sort 0.18 -0.11 -0.06 048" 0517 0.58" 034 020 032

Sorting: Score 0.25 -0.05 0.06 041* 061 0.641 0.39* 041* 045*

RCFT: Copy 0.05 -0.04 -0.13 031 049* 048" 040" 0.25 0.38*
K-CWST

C: Correct -0.18 -030 -022 0.11 036 029 033 034 0.39*

C: Errors -022 0.04 -0.02 -0.16 -0.38* 032 -041* -0.28 -0471*

CRT 0.39¢ 024 033 -023 -028 -030 -042* -0.13 -033

IGT: C+D 028 -003 -0.05 022 029 030 035 0.07 026

*p<0.05;Tp<001.

Time, Cambridge Prospective Memory Test: Time-based task; Event, CAMPROMPT: Event-based task; Total, CAMPROMPT. Event-based & Time -based task; D-KEFS, Delis-Kaplan
Executive Function System; Sorting: Sort, Sorting test # of sort; Sorting: Score, Sorting test: Score; RCFT: Copy, Rey Complex Figure Test: Copy score; K-CWST, Korean-Color Word
Stroop Test; C: Correct, Color reading: # of Correct; C: Errors, Color reading: # of errors; C: RT, Color reading: Reaction time; IGT: C+D, lowa Gambling Task: C+D.

Ao =422 o] 50] Hl= 7H=E AlERE ~(CD)]l 2
o1 A A Ak 7k frofu|et Apol7F AR A] o kAL, A

S

vk

ARYA] W8t RS B Q184 470 AE0] WSl et e

B2 AABHEOL A HEE RO ofmat F31g AP B
2% 3kt

2) DEiPIED|oin} S 7|50 Alpie| 24
wsjo} Fulo] wela] wsjo] wet ujel A |oln} g 7|
o] A7} olg7) WstsHA] Sroby] SIsiA 7 ek e
SWISRAR] CANPROMTSL A1 715 A 2e)
A 24 AAISIATH Table 5). 8P Aeko] 9ol
PROMPTO] A[7bo}] mlaiAE}7|ofd4:0} K-CWSTe] A7 917
BESKI7Hr= 039, p <0.00) AR ol Ak £-0ft A7} Lehtan
1 4t0] Tk A5G 71 PAFET ml AR |o}0) A S 7oA
= ofrak A R 93gkk i A el k)
Aol A7kl 2 W AS ol BaaAte) SR 4
=088, p<00) 55 4201 p<003Sk 21tk A2
EPaL AR A vl AElo e ERTiAe) R 4

(r: 0.51, p<0.01), B-RAARL] E2H%2=061, p<0.01), RCFT ZA}
(=049, p<0.01) L K-CWST A17Z+217] Q2 S =-0.38, p<0.05)2} G-
ofulgt AT S B B3l AE 0] S AL HRAAL)
HZHPH 2= 0,58, p<0.01), BZA(r=0.60, p<0.0n) 2 2 RCFT 1
A= 048, p<00)} fLojr et AR S Lebick k1< &
A} 2lete] Aol Azol ] mlAElole HaaAle] i
ZZ2(r=0.39, p<0.05), RCFT 2AHr = 040, p<0.01), K-CWST A472-e]
7] QB2 =-041, p<0.05) W WF-SAIZHr=-042, p<0.05)T} 3-2]u]
AR S Lol AR mldAEele Bt
(=040, p< 0059k 2| G AR S BTk T

¢

o
H =
Rl =

1o

EI

SAEl710] $4-E BRI B4 045 p<005), ROFT 2
AHr=0.38 5), K-CWST A7) 7] AWt 4>(r=0.39, p<0.05)
U 95 (=041, p<005)2F-F-OJ0| T ATA S Tk

, p<0.0

-
e

%5} A1 SOl SRH0 R Aok gl 177} 5
PRk Eeel g B 29l v AE7]ole] Fao
gt Qllo] A AR ek 2 Q7 1ol Fxjo] el vl
sfofl w2 mleAE7]olo] WS} ok wratakal je Aol
A5 7)50) P 8 1 wisks sl SislA SalEele
QA7 23, w8l ]ofo] i3] ofs) Atem] £3) Al7ko}EA
ol AE)7|ofelo] ApolEA ueAE|oe et A0 & i
Slof) % T ZFirhs ALAS o 4= Itk o= A|7bele A wjgy
Ag}71ola} A2 A vl A|E7|olo] Hlo] A the delo] %
A S W= A AR

wesjo} Filo] Weld wsh o] £/ Q48 BE AL Qe

w21 0] 7ol uleAE7]oliselo] A4 1ot ¢
& ABHEIRL A 2] JgolA L ARe)EA ulelAE]
of} A7kl mlElAEl]elee] Aol7 el gkt ol
a1 S50 A9 5 71 vl AE ol o] mE s}

A AshE Aape AFREC) o|zZ-S Aol ulgA|El7 | HA 2
b ge] h1en 5 27| 31 HE ARl PRMQOIA
Ao v ARl E A e Hek} e S50 2 T
718190k ol 1< B 50| AiAle] 7]ole e Hrtel i v
Ep7]0lo] QoIAE o7} Q18-S AAFRkeH30] 1< Bl
ulE}7]o1210] Aojlis 74} BEOl A= AlAFEIGITE CAMPROMPT



M, B 01 9 TZIAY BHte] of2irlE 719 bl

o

o] A1) a7pol mE AR TR AAER] AL 4
2 mj7A1e] f20] B 4 9l Tk Felo] Foloh AL
) S AL AL AALE ol 2 71otsl] Sfal v
2L shel AAISA) hES Ho] ol 2 Qo] 2Holdt 30%2] %
A} 12915 o] 4] 20901} Bi= =91 50] CAMPROMPT ZAF
AR AN 71 E g ot TIe SRS FoAE T 8
go] AXAL] A2 71251 ck
wsjo} o) we)a] wisjo] Wy dsl|elat njaAe)rle]
o) A7} ofwA) wiska=A] etob ] SlaA mleiAle) el o
s710] A} k0] AURAS A mgkeh sk gkolA s e
A7)} et Lszlel AL 7ke] Solulat At Ale) b
B Qrokort el gkl m1ey B Aeol Al vl
71}a} olsl7|o] HAL 7ol B AR} et ofelat Az
£ 32 Yol Asplolat ujEAg)lolo] A Eddom )
SRt Lol7} S7Lp v we) wsle 27 S shue] 7]
o TS 43 v] o] 7]e] 715 5o] Bl 283k AR
a8l ]elat A5 7)%50] B w3 st} el wslo]
wheh RsRhehs A o 4 A= skl Aeke] A9o
QUs7]e] AAL}e] BAlAIe} mh7IA = ARl ol AAe}
9] 7)5-8 W ALS 7o) AL 7o) e o
QLo 4 el et w1 ) Aol Al leAe) o]
AAET A5 715 AAS 7he] Srola Azl wol Ueh
stk 55| IGTE Alsiet R e AAHE vleplele) 4
o] e b} g0l Saks g 1eq)
Sz A Hje Zeln} &gl e
ogoto] uff A} ]elo] Tolal Qs A0 B 4 9l
woloju} w714 S} eiahs el sk JetolA vl
8)710) AAle} A% 71 AAFS 7ol ok A} e
7] Qpe ol H ol 1118 AR ATe] ATFE7, 1922,
12595 200 24 A0k AR ol o 43
=0 EHZT}-}\HJ,]. pael

s 5 o

0‘1)‘1 O_i_,

oE

El

l

2 3
Broadmann %< 8, 9, 105H0
H 2

=2 0
A4 7:’4011 R % EE AR *Pi%Ek *Jﬁo :HZ%*P% zt
o

%‘% B3R T*]’fﬂ' Wisconsin Card Sorting

Test (WCST) A JRlo] IS o) ARHY] -5 wielS

dcd“—* A Y= < (Broadmann %< 24, 46, 471H)0] 2 /\gg]—E]M
AL A7} JAAIL[49, 50] K-CWSTL} 22 stroop A S

Rkl ‘IH"ﬂL PHF0] ST E 2 ek Qlrkar B argh Ofl:rL

7F IEHS1, 521 1GTS] 73 9= 2 chopat S 1 |7 9]

101

O} W& A5 1) (medial prefrontal cortex)©] #-ofgtch= A}
71 ofe -l e 2 1ol Sheffl e 3 o
o4 AR5 2 Aol 1] HlejZeela)
718 ARk SHASAIT lefAlodol BofaielaL g
QR M FH L] 7H 98221 Brodmann F 8,9, 100H9] 7]
o] AAFE0] EAZ| 0 2 718192 A) = FARAE & 4= Qi
skl ekl Sha] AAF ol Aok} uhlaH skl ko]
Qo A HAHET} TlAE 1ol A 710 S Aol
UElg=d| ofalz 11 - @i sl (de-differentiation hypoth-
esis) [54]0lA] ZHS- = Q12 Flo|) gEs7/dolgh Li®} Lindenberg-
erof &JaiA A FAE AR FleolE2 ofd A E 2T
gol] 71 A E s Aste s wHA(S3H Ee Himshe) A%
Al(neural mechanism)E- AF-8-5}0] H824 0 2 | ASHA|TE 1=2]0]
e T2 2L AB7IAIE AR 4 QlojA (e ARSI
TAVZ A =S A sd e = QloiA) A Aldofl= 1 3
Aot Tk thekRt A7 IAIE B Eols ol BA1E 34
Stoh= 7otk Li¢t Lindenberger+= 31-2 AJ91 At} =91 3
chofl A theFgt QIAITAIE 71| & A BUAIE Hareh Ay
S155,56]0] o] 7He& AARIttal T2kt vl ek & -] At
A 22 wigof|A] ojsfE 4= & Zlo|th CAMPROMPT F-4.2
2 71 njAE 7o) tishy Aol ofd MY HAF
oft e ‘/PEHHX] e R F S R | 1‘“ AFge
RCFT: Copy2}t
UFERH AL, e Bfot 7] o] me ] t"ﬂ_@ra Al
/\

2 3
filo rﬁ tlo 4

olr

=
o

1o
roh
> of
oS
o Mo
o,
_\|I_‘
S
r[r
>_¥_
o
fu -
e
i
™ ol
Eha
qu r
o
_|>:
>{E

o H
[
)
o,
ok
b9
i)
e
=2
>
rlr
M
:lm
\1
>
Ag
-
s v}
H
O
=}
3
ME
EI
n=)

)
B

o
.
L oyo

=
A
2
-
g
o
ot
N
_o|_15
rr
pouy
o
il
2

A K-CWSTQ}E Trq
SEAERS LYl 212 110} wel 2] Thalel nh2 41771410 2

- 3l

T

1o rjr fon
o 5‘% -
o oL
o
g
NI
T m

N =
o N

fr

iy

=)

i

QL

pa)

Ko

o 32
ix)
T
nd [i{o
18
it

£ 4
[N
o
O,
N
N
ofr
2
=
Ny
o
o
)
o
=
By
o
+
2

1. Cohen G. Memory in the Real World (2nd ed.). Hove UK: Psychology
Press, 1996.



102

2. Craik FM. A functional account of age differences in memory. In: Klix E
Hagendorf H. Human Memory and Cognitive Capabilities: Mechanisms
and Performances. North Holland: Elsevier Science Publishers, 1986;
409-22.

3. Cockburn J, Smith PT. Effects of age and intelligence on everyday memory
tasks. In: Gruneberg MM, Morris E, Sykes RN. Pratical Aspects of Mem-
ory: Current research and issue. Chichester: Wiley, 1988; 132-6.

4. Cockburn J, Smith PT. The relative influence of intelligence and age on
everyday memory. Gerontol Psychol Sci 1991; 46: 31-6.

5. Maylor EA, Smith G, Della Sala S, Logie RH. Prospective and retrospec-
tive memory on normal aging and dementia: an experimental study. Mem
Cognit 2002; 30: 871-84.

6. McDaniel MA, Enistein GO, Jacoby LL. New consideration in aging and
memory. In: Craik FIM & Salthouse TA. The Handbook of Aging and
Cognition. New York: Psychology Press, 2008; 251-310.

7. Scullin MK, Bugg JM, McDaniel MA, Einstein GO. Prospective memory
and aging: preserved spontaneous retrieval, but impaired deactivation,
in older adults. Mem Cognit 2011; 39: 1232-40.

8. Cherry KE, LeCompte DC. Age and individual differences influence pro-
spective memory. Psychol Aging 1999; 14: 60-76.

9. Einstein GO, McDaniel MA. Normal aging and prospective memory. ]
Exp Psych Learn Mem Cognit 1990; 16: 717-26.

10. Kliegel M, McDaniel MA, Einstein GO. Plan formation, retention, and
execution in prospective memory: a new approach and age-related defi-
cits. Mem Cognit 2000; 28: 1041-9.

11. Shallice T, Burgess PW. Deficits in strategy application following frontal
lobe damage in man. Brain 1991; 112: 727-41.

12. Kerns KA, Price KJ. An investigation of prospective memory in children
with ADHD. Child Neuropsychol 2001; 7: 162-71.

13. Martin MA, Kliegel M, McDaniel MA. The involvement of executive
functions in prospective memory performance of adults. Int ] Psychol
2003; 38: 195-206.

14. Einstein GO, McDaniel MA, Richardson SL, Guynn MJ, Cunfer AR.
Aging and prospective memory: examining the influences of self-initiated
retrieval processes. ] Exp Psychol Learn Mem Cogn 1995; 21: 996-1007.

15. Park DC, Morrell R, Hertzog C, Kidder D, Mayhor C. Effects of age on
event-based and time-based prospective memory. Psychol Aging 1997;
12:314-27.

16. Palmer HM, McDonald S. The role of frontal and temporal lobe processes
in prospective remembering. Brain & Cognition 2000; 44: 103-7.

17. Okuda J, Fujii T, Yamadori A, Kawashima R, Tsukiura T. Participation

of the prefrontal cortices in prospective memory: evidence from a PET

HX|Y - 20 - A 9] 3¢

study in humans. Neurosci Lett 1998; 253: 127-30.

18. Okuda J, Fujii T, Ohtake H, Tsukiura T, Yamadori A, Frith CD, et al. Dif-
ferential involvement of regions of rostral prefrontal (Brodman area 10)
in time- and event-based prospective memory. Int ] Psychophysiol 2007;
64: 233-46.

19. Burgess PW, Quayle A, Frith CD. Brain regions involved in prospective
memory as determined by positron emission tomography. Neuropsycho-
logia 2001; 39: 545-55.

20. Burgess PW, Scott SK, Frith CD. The role of the rostral frontal cortex (area
10) in prospective memory: a lateral versus medial dissociation. Neuro-
psychologia 2003; 41: 906-18.

21. Simon JS, Scholvinck ML, Gilbert SJ, Frith CD, Burgess PW. Differential
components of prospective memory? Evidence from fMRI. Neuropsycho-
logia 2006; 44: 1388-97.

22. Yoo GH, Seo CW, Kim CB. The effect of event-based prospective memory
on the performance of ongoing tasks: an fMRI study. Korean ] Exp Psy-
chol 2005; 17: 35-49.

23. Fuster JM. The Prefrontal Cortex. New York: Raven, 1989.

24. Luria AR. Higher Cortical Functions in Man. New York: Basic Book, 1966.

25. Moscovitch M, Winocur G. The neuropsychology of memory and aging.
In: Craik FIM, Salihouse TA. The Handbook of Aging and Cognition. Hill-
sdale NJ: Erbaum, 1992; 315-72.

26. Weinberger NM, Javid R, Lepan B. Long-term retention of learning-in-
duced receptive-field plasticity in the auditory cortex. Proc Natl Acad Sci
USA. 1993; 90: 2394-8.

27. Cools R, Baker RA, Sahakian BJ, Robbins TW. Enhanced or impaired
cognitive function in Parkinson’s disease as a function of dopaminergic
medication and task demands. Cereb Cortex 2001; 11: 1136-43.

28. Taylor AE, Saint-Cyr JA, Lang AE. Frontal lobe dysfunction in Parkin-
sons disease. The cortical focus of neostriatal outflow. Brain 1986; 109:
845-83.

29. Katai S, Maruyama T, Hashimoto T, Ikeda S. Event based and time based
prospective memory in Parkinson’s disease. | Neurol Neurosurg Psychia-
try 2003; 74: 704-9.

30. Costa A, Peppe A, Caltagirone C, Carlesimo GA. Prospective memory
impairment in individuals with Parkinson’s disease. Neuropsychol 2008;
22:283-92.

31. Raskin SA, Woods SP, Poquette AJ, McTaggart AB, Sethna J, Williams
RC, et al. A differential deficits time- versus event-based prospective me-
mory in Parkinson’s disease. Neuropsychol 2011; 25: 201-9.

32. Foster ER, McDaniel MA, Repovs G, Hershey T. Prospective memory in

Parkinsons disease across laboratory and self-reported everyday perfor-



CHSHY, Ed =0l H miziad Stxjo| o2 A|E] 71 Hlw

mance. Neuropsychol 2009; 23: 347-58.

33. Smith SJ, Souchay C, Moulin CJ. Metamemory and prospective memory
in Parkinson’s disease. Neuropsychol 2011; 25: 734-40.

34. Wilson B, Emslie H, Foley J, Shiel A, Watson P, Hawkins K, et al. The
Cambridge Prospective Memory Test (CAMPROMPT). London: Har-
court Assessment, 2005.

35. Christensen KJ, Multhaup KS, Nordstrom S, Voss K. A cognitive battery
for dementia: development and measurement characteristics. ] Consult
Clin Psychol 1991; 3: 168-74.

36. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of the clinical diag-
nosis of idiopathic Parkinson’s disease: a clinico-pathological study of 100
cases. ] Neurol Neurosurg Psychiatry 1992; 55: 181-4.

37. Hoehn MM, Yahr MD. Parkinsonism: Onset, progression and mortality.
Neurology 1967; 17: 427-80.

38. Choi SH, Na DL, Lee BH, Hahm DS, Jeong JH, Yoon SJ, et al. Estimating
the validity of the Korean Version of Expanded Clinical Dementia Rating
(CDR) Scale. ] Korean Neurol Assoc 2001; 19: 585-91.

39. Smith JR, Maylor EA, Della Sala S, Logie RH. The Prospective and Ret-
rospective Memory Questionnaire (PRMQ): Normative data and latent
structure in a large non-clinical sample. Memory 2003; 11: 261-75.

40. Kang Y, Na DL. Seoul Neuropsychological Screening Battery (SNSB). In-
cheon: Human Brain Research & Consulting, 2003.

41. Meyers JE, Meyers KR. Rey Complex Figure Test and recognition trial:
Professional manual. Lutz FL: Psychological Assessment Resources, 1995.

42. Delis DC, Kaplan E, Kramer JH. Delis-Kaplan Executive Function Sys-
tem (D-KEFS) Technical Manual. San Antonio: The Psychological Cor-
poration, 2001.

43. Lee JH, Kang Y, Na DL. Efficiencies of stroop interference indexes in heal-
thy older adults and dementia patients. Korean J Clin Psychol 2000; 19:
807-18.

44. Lezak MD, Howieson DB, Loring DW. Neuropsychological Assessment
(4th ed.). New York: Oxford University Press, 2004.

45. Bechara A. lowa Gambling Task Professional Manual. Lutz, FL: Psycho-
logical Assessment Resources, Inc, 2004.

46. Kang Y, Na DL, Hahn SH. A validity study on the Korean Mini-Mental

4

48.

49.

50.

5

—

52.

53.

5

wu

56.

N

103

State Examination (K-MMSE) in dementia patients. ] Korean Neurol
Assoc 1997; 15: 300-8.

Harrington DL, Haaland KY, Knight RT. Cortical networks underlying
mechanisms of time perception. | Neurosci 1998: 18: 1085-95.

Ouden HE, Frith U, Blakemore S]. Thinking about intentions. Neuro Im-
age 2005; 28: 787-96.

Lie CH, Specht K, Marshall JC, Fink GR. Using fMRI to decompose the
neural processes underlying the Wisconsin Card Sorting Test. Neuro Im-
age 2006; 30: 1038-49.

Matsui H, Nishinaka K, Oda M, Hara N, Komatsu K, Kubori T, et al.
Wisconsin Card Sorting Test and brain perfusion imaging in Parkinson’s

disease. Parkinsonism Relat Disord 2006; 12: 273-8.

. Khateb A, Michel CM, Pegna AJ, Landis T, Annoni J. New insight in to

the stroop effect: a patiotemporal analysis of electric brain activity. Neuro
Report 2000; 11: 1849-55.

Bush G, Whalen PJ, Rosen BR, Jenike MA, Mclnerney SC, Rauch SL.
The counting stroop: an interference task specialized for functional neu-
roimaging-Validation study with functional MPIL Hum Brain Mapp 1998;
6:270-82.

Lin CH, Chiu YC, Cheng CM, Hsieh JC. Brain maps of Iowa gambling
task. BMC Neuroscience 2008; 9: 72. (http://www.biomedcentral.com/
1471-2202/9/72).

.Li SC, Lindenberger U. Cross-level unification: A computational explora-

tion of the link between deterioration of neurotransmitter systems dedif-
ferentiation of cognitive abilities in old age. In: Nilsson LG, Markowitsch
HJ. Cogntive Neuroscience of Memory. Seattle: Hogrefe & Huber, 1999;
103-46.

. Babcock RL, Laguna KD, Roesch SC. A comparison of the factor struc-

ture of progressing speed for younger and older adults: testing the assump-
tion of measurement equivalence across age groups. Psychol Aging 1997;
12: 268-76.

Baltes PB, Lindenberger U. Emergence of a powerful connection between
sensory and cognition functions across the adult life span: a new window

to the study of cognitive aging? Psychol Aging 1997; 12: 12-21.



