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Fig. 1. Statistical parametric maps displaying increased blood flow during cognitive tasks that was measured in 14 normal
people with [°OJH.O positron emission tomography. Significantly activated areas(p <0.01, k> 50) during focused at-
tention (A) and working memory (B) are shown on three orthogonal telescoped views.

2] o)gd W X5 AAFL, AHE B4E MNI
(Montreal Neurological Institute, McGill Univ-
ersity, CA) ¥FA% 9ol ¥+ (spatial nor-
malization) S €& shch 2 & AlFdi-eH] (signal
to noise ratio)E FFA1717] Yk, 16mm FWHM
7He-A1er AdZ FHAH3Hsmoothing) & 3t4, °1& &
AX AL % AT Q4o

5. 3% GI°IEYy FHRN

AX| HA g} thzFHAZH = A3le] zlo]E doh]
7] $18 724 (subtraction. analysis)2 %41 SPM
992 %3 ojFojAct 7 BAL (A2 oA
(HA3-AA1) 5 F 72 FAEAT. 7 E4A4
B e 949 o FFE dSEHe dagd #A
& T-AARL Agaida, s Hlg A% sl
T-3e B3 7FSAIQ BXoA Z-gte 2 Wysig).
q71M o AA EF dEl o sad F WAFo|
P8 A2 g 5 7] Wl WA of 329 ¥
22 | EAZ o]&EAT. °|E T3l BAFHE {9
FH(p<0.01) AT Ml x, FAlol o]Eo] vHE
o]l &A3 g9 27|71 50 34 o3z AL 3

Sole $93] Ughe 7Psel ¥o B3 AASR
o 24799 Aed 928 Jusks] 96, B
AR 242 BEFE ¥ YR F7H F9E 3
MRI £2 ¥ Aol 549 AR,

& 1

1. QR 2P

A 7R FAo] e AgeS A& A5, 34 19
79 BF 98.9%(£1.3), A 2& 99.8%(+0.5), 2
2 FA3E 99.3%(£1.0)E Al A ZFlA v
Egtn, BAAcs 497 zlole ftHoneway
ANOVA : F=249, df=2, 39, p=0.10).

2. XHFY B9 5 Y

A% §e9 o A5 P (FA2-AA)
o] ZAEAS B BFHAD, AN Ao & 10
Ax = it EAH R o) QA BAst 9HE
& oz s)o] FAE R st £ Pl
1, o]E& 1Y 19 Hoje AXMY HZo7 WS
(lateralization) ¥ & Z &)t
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Table 1. Activation areas during focused attention for
simple objects

Coordinate*

Region _— Z k
X y z

L. inferior frontal gyrus -44 30 -32 273 223
L. anterior cingulate -22 42 6 3.70 137
R. anterior cingulate 14 22 30 261 78
L. precentral gyrus -70 0 18 335 236
L. inferior parietal lobule -28 -44 30 2.62 89
R. cingulate sulcus 20 -24 38 285 67
R. precuneus 6 -44 52 269 65
L. fusiform gyrus -30 -68 -16 336 92
L. calcarine cortex -28 -60 6 2.88 196
L. putamen -34 -10 -2 322 370

* : three axes of Talairach coordinate system
Z and k refer to the maximum excursion and the vowel
extent, respectively.

Table 2. Activation areas during working memory for

simple objects

Coordinate*

Region —_— 7 k
X y z
L. superior frontal gyrus -22 -18 56 296 237
L. frontal pole -32 64 2 292 78
R. anterior cingulate 20 20 32 438 1002
L. anterior cingulate -22 30 26 310 483
L. superior parietal lobule -40 -44 40 3.15 533
R. cingulate sulcus 18 —22 44 279 59
L. hypothalamus -4 -10 -6 3.37 438

* ! three axes of Talairach coordinate system
Z and k refer to the maximum excursion and the vowel
extent, respectively. :

N Aol #& staFolF(inferior frontal
gyrus)@ 45 AddelF(anterior cingulate gyrus)
o] 843}t fAEU, #= FAdoleH(precentral
gyrus) = BASEE Aoz AFHJY. o Fukio)
A& #Z 354 Y (inferior parietal lobule), $= o
T cingulate sulcus)®] ¢4F % $= HAR(pre-
cuneus), 283 #& W34ol P (fusiform gyrus)e
F= NeE9 A (calcarine cortex) 59 43} 3
A=t 9 Ak (subcortical) TRE Fo= A& =
7H) ¥ (putamen)o] B43lE= Aoe AFHYYL)

3. B3N FA9 o Yy
2AE719 S¢e] H 843 P2 (FHA3-3A 1)

Fig. 2. Brain activation during working memory. Signifi-
cantly activated areas(p <0.01, k> 50) are display-
ed on the 3-D rendered magnetic resonance images.

o MM S S BAHAUL, A A F 20
ANR vls} 2t BAH R ou] AA BAsY F
95 2T 59t B43 P fAKSHA AbR
M B¥e) =0z WEs} oPo) BAHUL 12
U 39 20 ANEE AAP, 28F oM 2
F5719 Fddle $2& Aggolge] Foejn EX
4 43 o] BAHUTH E AW Hpe
Auke] G437} o Fukie) wls) B AN A
< Bk Rojoh _

FARoR ¥ ARN HE ATy HE
AFF(frontal pole)o]l EA3}=UT, 4713 ¢ A
hdold B ohlzt H= AdigolAE BYEY
o o FukRolM 2HF oM g} BEHoE 92 )
1Y AZo] BAFHAY oL, 2HF oMok i
2 454499 F5 A3 (hypothalamus) 7t &
A3tEE ol BAHAT
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Eol, 33} Aol g AHEES Fola Yrkn &
% Qe

2 A78 59 By 23F0 59 o #8435
e F2oz WY o o) Ay 843 3
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Z9] Ao x o) AY vl$ Be B3} P Ho|
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Ao FAY Ro] ohe}, FHYA X AF%
(distributed neura! network)e] 233 wWagz?
9 o] Q7] WY Rolth. AAZ A|ZH Feojz}
Aol 549 AAFFoA AlZE ABI FAHY, &
=g, A5G 5 A gxel 83 §714 22 5% A
go] AYHE o2 gl kP B AT A7
oA Fubpe $AF BASE TFA| ol $uky
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Z Z9o| zA(attentional modulation)o] HukEA
7159l =214 B Basy] qRog Az 1

% 4l e
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Bl

2y el Bsta Al2E A 2 93 A
Az FAY, AR, GFeld T3 22 oF
Azt Ao @437t AEHUT ole AlZA e of
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betta®'¥e] AT AT} dAHE L7 AH F
of 2AL 2719 A9 EL2 F7]9 ¥ &
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2AF9 B FAGoIFT 2p|Y 2 &5
d 999 g4y} doldrhe Ax 5718, o]
= 23F0| 34 3 5 A5 (premotor) I
28 (globus pallidus)oll 43371 dojdrle o|A
o] ApAHe} FARE 2ot} ¥ ol 22 7T 3=
o &% 7zt el g &EFHY HHI=HEANF,
2] g7l 2J8) okrl® HZ9)¥Z (extrastriate cor-
tex) A1Zt9 99 25 Walo] o 2599 =HY
YzAo| Yo F'"E AAlshe Aoz #ME 4 glch
7154 A1 HIMRDE o83t o= &
Zo} i 2AFAE AR HI2Y A3, &3ole
AFo| F4E5 7189 W F5 AL V5 Aol
153 QA9 It ol doum, ol AAF B
S (prefrontal activity)oll 98l ZHecty ¥ush
1 gk ® aez 249 493 LERd 497
o] A52L-L AT g0 o) 2d=E A 23,

ol 491 #FolA doluke A4 fAlETD @

4 Qe melA B Aol BEd 32 shdFolat
(inferior frontal gyrus)@ %3 Hoi/dolde] ¥/d3}
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3788 2R3 Ay A= Ao Yzha.
0 AelM BEo] 27| ot o A
e 9= Auolde] T S3H BHHE A
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Comparison of the Brain Activation Patterns during Focused Attention and
Working Memory Using Positron Emission Tomography

Jae Jin Kim, M.D., Sang Soo Cho, M.S., Myung Sun Kim, Ph.D.,
Jung Woo Son, M.D., Jae Sung Lee, M.S., Dong Soo Lee, M.D.,
Myung Chul Lee, M.D., Jun Soo Kwon, M.D.

BK Life Sciences, Seoul National University, Seoul

Objectives : This study was undertaken to ldcnufy neural substrates for simple focused
attention and more highly-focused workmg memory in normal people and investigate their
characteristics and differences.

Method : Fourteen normal subjects were studied with [**Q]H,O positron emission tomography
during a visual processing baseline task, simple focused attention task and working memory task.
Results were analyzed with the subtraction analysis to map the neural correlates of focused
attention and working memory.

Results : Activated areas during focuscd attention tended to be lateralized to the left and

scattered over various regions including the anterior cingulate, motor area, and primary and
secondary visual cortices. While the areas activated during working memory also show the left
lateralization and scattered distribution, activation prevailed more in the frontal lobe than in the .
visual cortex, and was particularly remarkable in the right anterior cingulate.
. ~Conclusion : Focused attention and working memory do not have only conceptually com-
monalities and differences but also have common and specific areas. in their neural substrates.
The anterior cingulate may. commonly play an important role in both cognitive functions,
whereas secondary visual cortex and prefrontal cortex seem to be predominantly implicated in
each function, respectively.

KEY WORDS : Focused attention - Working memory - Positron emission tomography
"Neural circuit.
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