DIERFEERE 2006, 14 (4): 532~539
Advances in Psychological Science

Cr R 222 5t O BRI X T v R DD REMP T S 40 %, B BT 100101

100
fMRI
fMRI

B842; B845

M19 TRZETTAR, MR S ST UK
PANR SSRERUS SUIp N2 el RN S I
T, AHRXF AR O R B TR Pk
XM BE AR RER B T T 5 AME
RIEB B (1) /M2 5 BRI 5 ) 5 R0 A
(ISR AL, (2 /M A A SR FIAS A i ()
K, (3) ANIRTHTRE SR S I L Sk e H
RITRFFA O, (4) /NI A 8 M A SRS PR R BRE 25 4
(5) /NKRAFE MuEMEERE. Hh)s 4
M BUUR A AR RE — =R

1991 fEUEAE DI RERG IR R (IMRD K
A NIRRT BB F B Pl Befs 6 T
NNHIIREIBT TS T RF IR . KRS
F A AR 2 M ESUE A DS )0
FILhRE, QIR 3. ER RS
il B0 ARSI 5 N 2D 90 4EAR R W LA A
fMRI WFFENIEN, GRS 5 2 Flizg)
FHEIZ ) eI 5HLE g Ih g i A RN 4t
TN RERR RETEAR SR, BRI N S 5
PEARZ I DI RERN S5 IR, DR SEBILIX S ) e (AL A A
NN AT IR (¥ A5 Ao AR SR ) 22 [ BUA 5
B ERRMEINREIIRE, JFE AN ORI iR 1K

W HH: 2006-05-30

* [E K AMREI¥IE S (39770264, 30170325, 30128005,
30425008 e [EFL 2 e (RSB BT H .

WIREH: 4], E-mail: wengxe@psych.ac.cn

532

CrprER2E BT 7T AEBE, dE5T 100039)

20

SERFST BRI R o FELHERE b, AR, W5
/I 55 ORI B J2% PR D BE R 2R 8 1 T 9/ M 2
A JFIH AR o

1

JI5 DI E D 00 A — LR AT RN ), (L
B LA 90 FEAUK, X/MsIEB)LhhE ALK
WA SRAG — B Eiie . R 2 BT FU SR A
FARIZF P /N, AL AT AR ST
FRIE Z BTN S 53— AN B S )
Hks /NI B B A AT AT P AN A I R
SCPEAT AT AT R BT SR s /N i A
WS GIEHMMAT, TAMUH S 25 K,
AL T R A LAIE S o

ARSI T 1996 FFEAE [ A AR TR AL
SRR MR BOARIEAT B 02 3 D e RE AL
e oT PO b T SIS Bk RS B AT I
FERISEINE T2, BATBAT T — BUEIR P 5 s E
%o JERSERM AR MR HORIESE T AR/
Tittigshdae U ZRFTCE R R, RN i ]
&4 T 9T TRy slies) & Maridfe, Jf
HIXAS R NS LT 2R, A
B AR i B R A AR 2 o AT DR SRR B b AT T
ML A R EE RIEAT LR, BN B0
AT RE I8 B ) S A A AR A OGP, X —
AR EA VG2 RIS Bz Bl
Y], REREH . MEANK TGS LHisg)



14 B 4 W)

1&gl EFE ] AN D) REREI LR BT ST -533-

e TR &5 55 4 40 A0 B 22 5 00 T /0N i o 22 40 T
BT B R AP & T & o AT
T2 BLHR ¥R ) /) I 7538 Bl A v g 5 1) 2 B AR il
ZINME R, AR S BB RN AT 4.

ATV AT 1K) — JGURIF 5 ST i 18D (14 &5 1 1k —
»b (Lin, Zhang, Weng et al. in preparation), 135 &
NEH)—FhSZI44TH, Decety 2 N 7E Mo A% 52560 H
KRBT /iZSE BEREE, AT RIS fr AL
G E SR XU /N I (1 Joi 8 L8 5 T 484 >4
FRNAAARZZEMHAOERTTOMEBE

(mental writing) [ fMRI BF5E, (B IR A /N

TS o FRAT BTSSR O B A5 B AT 4505 2 M W 5%
BT NGROE, 3K 45 R AR T P 4138 5)
SIS TR /N i B O AR RIS A B L TR, AT
WE—BUEH, H RIS BRI 25 WO T XU /N i
W I HOm DA T/ NMIR AT o 53 B B0 DX R I )
RN 2 R, 51 E LAEWIZA O Bt
Brodmann 9 [X (BA 9) (¥ B 24T, B2
S B A IR SR B0 [ 5350, 2 DX DA 7R AR EL
FIIA R AL P B P 5 s O S
B IW X2 512 345 I K s 3 BRI Hp sy (] 45
TR o 7N S5 B 8 UL BT 17 55 3 )y R 5 DX 3B
M, BNEIFES S EIERBOLRE, e he
5w a K. BHTARSER IR KR4S
Hizg), PIATHEE RSN R T e 2012 5)
HisE ORI S LR G iRPIf

g bl Borir, BATAK, ANwTEE sl IReE
HHEARMIESGG, MR At e i &
/NI ) Y X A JEL R 7 95 AT B SE S B IR A LR
L R] DL

2

TR T /NN SEEI KRG, ARICKE—BT
WANEN AT ER . T/ NS 5 DiRe
KBTIz s, BATEBESENRE. A
XN RAETE T R AE S S KA A ES 5T
FX TR IZF WM. Petersen 25 \JliiT PET %
AR BB A P2 AAT 55 51 /NS B, (i ek
RBPAR A5 B FHICBN)D, Petersen 55
NAEAKAT: 55 5 K 75 52 W 44 B0 L R I T A5 0 /) g
IO o Bl 77 A S5 S A Bk N
DIe N R T2 I A, XN a2 51k
FIREMM AR A TIRZVBA . i 2 515

IhBERC R - B A B I . Bower 25 A A 4B,
/I o (1 BB 2R ) R T e LR TR T T REAE N 1
FRNR DR, IR, N T
PIL T L R BT AR BRI R AT B o 1K — W A5 2%
WHEN LI SRR, MR RAZ AR T I3
e, VRLEMSEHIAT S T R 2GS, Gold
1 Buckner £E—TRFFT 45 P2, /NS —ANX
BRI AEVE SCPIWHT45 s . 1 X — S
e AME [T R R AH R PR A AT T L/ i
BT [ 58 A e PR E I R

h TSR E, AT T —ME
SCHERME S5 K 5N TE BT o AT 45 BESR R LE W
AMAHIERE S H AR S SUHIE I —A, @l =T
FAMERISH o, HEBRBE T He B B T fgid s
S o 3K LI M B S S HR G SN T RS 4n
JEE o AT THEIN /N I V5 PR S B A 55 M JE 1) 1
INIOREE

S EE BRI, AN TE T SO A S5
T, I ELOE PR RRURN 58 S8 70 AN [RAT 45 3k 2 TR A7
2 P, i HOR — 2 5 5 A AT 45 1 RN B 45
SERIRI, A U S B IR K A i . X FE 43
UL /MR EIX — B S ES T INER 518365 A&
W TTI 55— A I /) i 5 5% A0 i 2 - (g — > X
BHA AR (B 1), XA B S i i
[7) 52 BT 5520 F5E TR 1Y

IR RIEARFFETRATTI, /NS (e
FE 52 BT 45 MEFE AT o il ARSI x i s 5 ik
1T T P, S AT MR R Y. AR
ZES, IXEHERR T R RET /MRS IS B R %
AR/ EES S5 T &N, AW
TA A /N ) B0 2 S B e A 45 i B 58 S AT 55
B B85 S5 BY. /IN HRF &P A S B L BE
SR B /(1B S vl e M 1 E s N s €2
FE 5 IIREA BB, SR/ L 2 RGuHAE
“TCHRS (metasystemic) #4547 118 H 2 #¢ D) RE
BRI A5 R T 7 B AR e T e 40T, i, B A ST
TER I ST 50 AR e s — 3

FATTXS i 55 2y £ B 1) - 2 R it 2 3R AT s 1 4y
Mr, RILIFAERTE (61X 45 5% 24T 45 Xk FE T
AN AU I R X e B BRI OC R, TR AR
22 /NI S IR EEARE S, AR S
GERURME T SRR LECRAED . X BERIR N
I 7E AN TE CHEE AR, @ A E SR A



-534- BRI

2006 4

T BRI R Db fE

4BE

MW\ Mﬂ” Mmm

Wil

KE

0Ly

“A € B A B €

| H‘F\J\M }'JP H ””\I;MW |

A € B A B C

"'Mfw WW»M"M;{

2 S

Hh e el

it (8]

BT YA N, TR, SNSRI JeqiInl) N 8] 2k AR a3 LT (A, B, C 23 8o = Pl AN ) i SCH s £
5500 WL, ANIRITTAIH 5 o 5 SEREAT T 25 MESE ARG T o8, T I DX AR A5 5 B X P A

FF AR R TN AT R A S R R A
R R o NS S RIS B 2 TS )
ek, LR DL IR AR G B A 2 3 S
BRI, i 5 — e T MG 1% 5] IR
TGRSO,y T E) SR N (AR
RO e bR A P S PR B A AE A iR
L2 ——J3 AR A 2 B8k /Nl B 22 15 T % ) i
R, G T2 2] T E0E s M AR 1 5 RS /N
HEN AR .

R BT SO B AT THKIE 41 RIKT
TRIFHNE SN, 15 % BT T IMRI (194
i WEFEEREW], WAT A EUIZRAT G Xtz s
HGEIIEIT . U NRIEAT S, AERE T8
SR KITEOL R, IR SRS I 91 3G AR
FEZE 2] Ja g N T TR, X g
G U T /NI (AR R 2 ARG SR . X
WP 2 [ 32 2 N RS T AR, X RIS
RONEBEH T /NI PN i 4 2 i B HOA L. AT RS

5 /NI B AE 2 ) RIK A R R R AR, i
REN G REARIAT ) — A5 TR 2 AL,
RKFRAE T /N AEIN S K AT, 5RO
TR AR I By TR,

BRizshus 2 A, TS & /NS 2
S PRSI 38 33—l ] 7 2B A 55 A i R/ s A
Y A 0 2 D R P AR S AT V2 A PO
Raichle 4 NI —E55 H T2 582 2 107 i
FUESRPAO B3 P AR S AT IR R 53T, JFREAT
PET $fifio 45 SRAEE BB 5k I 9l S ek 2%
BEEARG IR e 0] AT AR A 00/ i 25 4 B S 80 )
RIS . B R AUB ORI RHE
i1 P 8 B N SR [P 5 G (KPR AS o IG5 RER ],
SR P R BB UR A T AR . AR 9 A4/
i ST 9 A 193 N TEAT 1 90 2 PR B AT e 7
TEf QIR (10 I ) 22 55k 35 1 T 2% b I B DA 3R DL P )
AL, RMTWMA A SRRk . Helmuth %5
AR U/ o SR AT 11 95 A2 B 85 N 27 2] By i)
PEARSDY, SPAT RO B AS SE R S R MR A



514 5 4 3] BE) W F A DR RERE IR AR T -535-

5 ¥ A S s P A AT 4 B IR 2. A)
LU B /N i 78 3 37 722 22 R0 2 ST 5% vF B4R A2 AE
HARLER,

FATHEAT I —T0 MRI #5250
FEAEAT S RS ST INE DL, B A A — i,
FABRA SORME AR5, A FEA S50 P 2R PR
ANEEWEHIIEE), DAZHC S R VI . SR 45 L

signal change% 1.5 maas=ss— 0

B Rl I SR 2] S NI AN iR, B IRk
A5 T RFEER, R K RN R
BN o FEIX— 3 e /AN AR P DR
(142 AN DB, TR 2R 20 W AR BN 50 B 7
FEA (I 200 Sl v SRR R B AL, B 5
DRI L /N A SR RE I 73 Al (3R D

P3 NG
z=-20

B2 N AR SE R P AL . FG: WIS AATSS (2 4180 P1-P3: 3 AN, LIRS I N — MR T

F (% 4 AP; NG: AFHHTE P~ AT 52 418,

1 Brodmann
ANIETAMUES NS A AR 61X 44/451X 46/9 X 47X
AN TN TR 0 4.091 12.387  13.75 6.235 14.715  6.123
/I I A A0S 4.091 0 10.321  11.702 5243 12635 5.377
A A 12.387 10.321 0 3.705 8.504  5.168 8.944
6 [X 13.75 11.702 3.705 0 9.784 512 10.511
44/45 X 6.235 5.243 8.504  9.784 0 10305  4.129
46/9 [X. 14.715 12.635 5.168 5.12  10.305 0 11.027
47 X 6.123 5.377 8.944 10.511 4129  11.027 0

FEFRATT AR v SCHE ) SI2 6 o gt 2 9 /i 9
B AFAENRER R o AERX— WP i — 20438 T 14
E, T WBHAEARULEGRSE 1, B2 > /N
BRI (RIS o XA S B 2 AR 25 35 X
RN REAT (o W/ 5 A B T — AN SRR 2R
g8, NI D RERS SCREAE I - Raichle 55 AU
Aol AU o P ) AR S AR HE D /DN i L A
P A RGP, 3 PET BAM ) 43 W A3

B o TUARSZEG AN H T /NI 5 R+ G R 1 B
AW 17 FLA LN AR B 1A FR G L
AR PS5 o

JIN 0 7 AT A 2 o T e A A RO N A
TIEE 540 BA 6, 44, 451 BA9, 46, 12141
SRR, I X R S 28 T AT R £ A% /N A
TR RN 002 X e R R A R — A
XS A TR WORES UL/ S A R 2 A



-536-

VPR

2006 4

56 BB P AEAT 45 AR KRR AT . AR %
AN /N AN R SR B DR E . R4 M1
BRI 25 DX AR 4328, I i X5 70N i 114 X 156
BEEYAN. —RESHE T/ELCILERKX
I8, A FEAHAMUY Broca X (BA 44/45) Il BA 47,
EATHS DM AR LR O, KB g
%, AFFEHHTX (BA6), BA9Y/M46 Fl A M4 ()
N X 5 /N A A, /M Broca X
FIBA 47 55 B3 (¥ 08 R YL E AL TN 5 2 2
L3E S DI A5 3R

4

S, ARSI AL AR Y CAE AR
NS 5 1Ak % 12 B FIIA FIMT 45 2l 5048 /) K
i B2 T SR SE R s T /NI ZE Bl Bhig Zh FlA & Th
RET AR R R AL, RIEE R 28008, XU
AN AL TR B, TR R R 4 U T A
1555, WaR A B 5K (20, Schmahmann
£isl67))

IR A AR S 6 3 1 AR A7 Al T 5% /N Mg
DIRERIIARTIRE . AR AT LA BIX R — L8k e U7
Ml AFENE S T H AR P8 8 RE 57 (modality-
specific) DRE, FUAN &N HEREF I R G LA
TSR OIRE: AL SN 1 D) g2t
2, BNZ)AHIRR NI T RE L BT AIRAL
B2 2 A Y P O A N W S WY RN B2
HIZHAEE R I AL X FRTBAEH, Hur W Hig
BSUF A — BRI, TN /N5 oK D e
BRGSO RPN B, (IR IE 24 5 /Nt 5t
AR TR R SR TT 1]

SR 38T 1) AR T B R B4R 3 7 T 920 9 i X
B PRI 2C R B 40 BN LR UG U R BT i . B
o PR R RS (DT A TR A 44 N A RhiE
B N Il 2 47 i oA T B8N, R4 R s 22 40 W
(WICA) 1 g5y 5 R E (SEM) VOVSEETVLE
TE & A I X 2 8] () T BE B 45 (functional
connectivity ) 5 J& Fl 37 A R &5 Ceffective
connectivity) FIPRISRBIRARAL T S TR, x4l
FE AR T DAy 3 T /0 0 5 R I A % R /0N T 1
AL T 78 o T b E R RAE S o A7 AL,
TEANAREAR, FAT IR IR AR S A — N )
78

Rich B. Ivry,

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[

[10]

[11]

[12]

Bloedel J R, Bracha V. Duality of cerebellar motor and
cognitive functions. In: Schmahmann J D (Ed.),
International review of neurobiology: The cerebellum and
cognition. San Diego, CA: Academic Press, 1997,
613~634

Weng X C Ding Y S, Volkow N D. Imaging the
functioning human brain. Proceedings of the National
Academy of Sciences of the United States of America,
1999, 96: 11073~11074

Bischoff-Grethe A, Ivry R B, Grafton S T. Cerebellar
involvement in response reassignment rather than
attention. The Journal of Neuroscience, 2002, 22(2):
546~553

Mandolesi L, Leggio M G, Graziano A, et al. Cerebellar
contribution to spatial event processing: involvement in
procedural and working memory components. European
Journal of Neuroscience, 2001, 14 (12): 2011~2022
Vokaer M, Bier J C, Elincx S, et al. The cerebellum may
be directly involved in cognitive functions. Neurology,
2002, 58 (6): 967~970

Claeys K G, Orban G A, Dupont P, et al. Involvement of
multiple functionally distinct cerebellar regions in visual
discrimination: a human functional imaging study.
Neuroimage, 2003, 20(2): 840~854

Guenther F H, Ghosh S S, Tourville J A. Neural modeling
and imaging of the cortical interactions underlying
syllable production. Brain and Language, 2005, 96(3):
280~301

Allen G, McColl R, Barnard H, et al. Magnetic resonance
imaging of cerebellar-prefrontal and cerebellar-parietal
functional connectivity. Neuroimage, 2005, 28 (1): 39~48
Schmahmann J D, Caplan D. Cognition, emotion and the
cerebellum. Brain, 2006, 129 (Pt 2):288~292

Cui S Z, Li E Z, Zang Y F, et al. Both sides of human
cerebellum involved in preparation and execution of
sequential movements. 11(17):

3849~3853
Xiang H D, Lin C Y, Ma X H, et al. Involvement of the

Neuroreport, 2000,

cerebellum in semantic discrimination: an fMRI study.
Human Brain Mapping, 2003, 18 (3): 208~214
Zang Y F, Jin Z, Weng X C, et al. Functional MRI in

attention-deficit hyperactivity disorder: evidence for



o514 &4 400

B85 WE MY

/INIBI ¥ D BE RS SR AR T 5T

-537-

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

hypofrontality. Brain and Develoment, 2005, 27: 544~550
Zhu Y H, Di H B, Yan Y, et al. Involvement of the
cerebellum in sequential finger movement learning:
evidence from functional magnetic resonance imaging.
Chinese Science Bulletin, 2005, 50: 1887~1891

Xiao Z W, Lee T M C, Zhang J X, et al. Thirsty heroin
addicts show different fMRI activations when exposed to
water-related and drug-related cues. Drug and Alcohol
Dependence, in press

Nitschke M F, Kleinschmidt A, Wessel K, et al
Somatotopic motor representation in the human anterior
cerebellum. A high-resolution functional MRI study. Brain,
1996, 119(Pt 3): 1023~1029

Desmond J E, Gabrieli J D, Wagner A D, et al. Lobular
patterns of cerebellar activation in verbal working-
memory and finger-tapping tasks as revealed by functional
MRI. The Journal of Neuroscience, 1997, 17 (24):
9675~9685

Lotze M, Montoya P, Erb M, et al. Activation of cortical
and cerebellar motor areas during executed and imagined
hand movements: an fMRI study. Journal of Cognitive
Neuroscience, 1999, 11(5): 491~501

Jancke L, Specht K, Mirzazade S, et al. The Effect of
Finger-Movement Speed of the Dominant and the
Subdominant Hand on Cerebellar Activation: A Functional
Magnetic Resonance Imaging Study. Neurolmage, 1999, 9
(5): 497~507

Brooks V B. The Neural Basis of Motor Control. New
York: Oxford University Press, 1986

R, bR, S0, DhREMERIIR UG T VA RIBI
WAL B2 R 1996, 4: 209~212

Nitschke M F, Hahn C, Melchert U H, et al. Activation of
the cerebellum by sensory finger stimulation and by finger
opposition movements. A functional magnetic resonance
imaging study. Journal of neuroimaging, 1998, 8(3):
127~131

Luft A R, Skalej M, Stefanou A, et al. Comparing motion
and imagery-related activation in the human cerebellum: a
functional MRI study. Human Brain Mapping, 1998, 6(2):
105~113

Thach W T. Timing of activity in cerebellar dentate
nucleus and cerebral motor cortex during prompt

volitional movement. Brain Research, 1975, 88(2):
233~241
Decety J, Philippon B, Ingvar DH. rCBF landscapes

during motor performance and motor ideation of a graphic

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

gesture. European Archives of Psychiatry and Clinical
Neuroscience, 1988, 238(1): 33~38

Sugishita M, Takayama Y, Shiono T, et al. Functional
magnetic resonance imaging (fMRI) during mental
writing with phonograms. Neuroreport, 1996, 7(12):
1917~1921

Jonides J, Schumacher E H, Smith E E, et al. Verbal
Working Memory Load Affects Regional Brain Activation
as Measured by PET. Journal of Cognitive Neuroscience,
1997, 9: 462~475

Cohen J D, Perlstein W M, Braver T S, et al. Temporal
dynamics of brain activation during a working memory
task. Nature, 1997, 386(6625): 604~608

Nakamura K, Honda M, Okada T, et al. Participation of
the left posterior inferior temporal cortex in writing and
mental recall of kanji orthography: A functional MRI
study. Brain, 2000, 123 (Pt 5): 954~967

Petersen S E, Fox P T, Posner M L, et al. Positron
emission tomographic studies of the processing of single
words. Journal Cognitive Neuroscience, 1989, 1: 153~170
Bower J M. Is the cerebellum sensory for motor’s sake or
motor for sensory’s sake: the view from the whiskers of a
rat? Progress in brain research, 1997, 114: 463~496

Gao J H, Parsons L M, Bower J M, et al. Cerebellum
implicated in sensory acquisition and discrimination rather
than motor control. Science, 1996, 272 (5261): 545~547
Gold B T, Buckner R L. Common prefrontal regions
coactivate with dissociable posterior regions during
controlled semantic and phonological tasks. Neuron, 2002,
35(4): 803~812

Xiang H D, Lin CY, Ma X H, et al. Involvement of the
cerebellum in semantic discrimination: an fMRI study.
Human Brain Mapping, 2003, 18 (3): 208~214

Kim J H, Wang J J, Ebner T J. Alterations in simple spike
activity and locomotor behavior associated with climbing
fiber input to Purkinje cells in a decerebrate walking cat.
Neuroscience, 1988, 25 (2): 475~489

Schmahmann J D. Rediscovery of an early concept. In:
Schmahmann J D (ed). The Cerebellum and Cognition.
Boston: Acdamic Press, 1997. 3~18

Bastian A J, Thach W T. Cerebellar outflow lesions: A
comparison of movement deficits resulting from lesions at
the levels of the cerebellum and thalamus. Annals of
Neurology, 1995, 38 (6): 881~892

Jueptner M, Rijntjes M, Weiller C, et al. Location of a
cerebellar timing process using PET. Neurology, 1995, 45:



-538- D BRI 2006 4F:
1540~1545 Behavioral and Cognitive Neuroscience Reviews, 2004,
[38] Courchesne E, Townsend J, Akshoomoff N A, et al. 3(1): 3~13
Impairment in shifting attention in autistic and cerebellar [52] Bracha V. Role of the cerebellum in eyeblink conditioning.
patients. Behavioral Neuroscience, 1994, 108 (5): Progress in Brain Research, 2004, 143: 331~339
848~865 [53] Zhu Y H, Di H B, Yan Y, et al. Involvement of the
[39] Fiez J A, Petersen S E, Cheney M K, et al. Impaired cerebellum in sequential finger movement learning:
non-motor learning and error detection associated with evidence from functional magnetic resonance imaging.
cerebellar damage. A single case study. Brain, 1992, 115 Chinese Science Bulletin, 2005, 50: 1887~1891
(Pt 1): 155~178 [54] van Mier H I, Tempel L W, Perlmutter J S, et al. Changes
[40] MacKay W A, Murphy J T. Cerebellar modulation of in brain activity during motor learning measured with PET:
reflex gain. Progress in Neurobiology, 1979, 13(4): Effects of hand of performance and practice. Journal of
361~417 Neurophysiology , 1998, 80 (4): 2177~2199
[41] Middleton F A, Strick P L. Cerebellar projections to the [55] Martin A, Haxby J V, Lalonde F M, et al. Discrete cortical
prefrontal cortex of the primate. The Journal of regions associated with knowledge of color and
Neuroscience, 2001, 21(2): 700~712 knowledge of action. Science, 1995, 270(5233): 102~105
[42] Marr D. A theory of cerebellar cortex. The journal of [56] Grabowski T J, Frank R J, Brown C K, et al. Reliability of
physiology, 1969, 202(2): 437~470 PET activation across statistical methods, subject groups,
[43] Albus J S. A theory of cerebellar function. Mathematical and sample sizes. Human Brain Mapping, 1996, 4(1):
Biosciences, 1971, 10, 25~61 23~46
[44] Tto M. The Cerebellum and Neural Control, Raven Press, [57] Raichle M E, Fiez J A, Videen T O, et al. Practice-related
1984 changes in human brain functional anatomy during
[45] Seitz R J, Roland P E. Learning of sequential finger nonmotor learning. Cerebral Cortex, 1994, 4(1): 8~26
movements in man: A combined kinematic and positron [58] Drepper J, Timmann D, Kolb F P, et al. Non-motor
emission tomography (PET) study. European Journal of associative learning in patients with isolated degenerative
Neuroscience, 1992, 4(2): 154~165 cerebellar disease. Brain, 1999, 122 (Pt 1): 87~97
[46] Toni I, Krams M, Turner R, et al. The time course of [59] Helmuth L L, Ivry R B, Shimizu N. Preserved
changes during motor sequence learning: A whole-brain performance by cerebellar patients on tests of word
fMRI study. Neuroimage, 1998, 8(1): 50~61 generation, discrimination learning, and attention.
[47] Friston K J, Frith C D, Passingham RE, et al. Motor Learning & Memory, 1997, 3(6): 456~474
practice and neu-rophysiological adaptation in the [60] Engelborghs S, Marien P, Martin J J, et al. Functional
cerebellum: A positron tomography study. Proceedings: anatomy, vascularisation and pathology of the human
Biological Sciences, 1992, 248(1323): 223~228 thalamus. Acta Neurologica Belgica, 1998, 98(3):
[48] Seitz R J, Roland E, Bohm C, et al. Motor learning in man: 252~265
A positron emission tomographic study. Neuroreport, [61] Leiner H C, Leiner A L, Dow R S. Does the cerebellum
1990, 1(1): 57~60 contribute to mental skills? Behavioral Neuroscience,
[49] Grafton S T, Woods R P, Tyszka M. Functional imaging of 1986, 100(4): 443~454
procedural motor learning: Relating cerebral blood flow [62] Leiner H C, Leiner A L, Dow R S. Reappraising the
with individual subject performance. Human Brain cerebellum: what does the hindbrain contribute to the
Mapping, 1994, 1(3): 221~234 forebrain? Behavioral Neuroscience, 1989, 103(5):
[50] Riecker A, Wildgruber D, Mathiak K, et al. Parametric 998~1008
analysis of rate-dependent hemodynamic response [63] Rypma B, D'Esposito M. The roles of prefrontal brain
functions of cortical and subcortical brain structures regions in components of working memory: effects of
during auditorily cued finger tapping: A fMRI study. memory load and individual differences. Proceedings of
Neuroimage, 2003, 18(3): 731~739 the National Academy of Sciences of the United States of
[51] Freeman J H Jr, Nicholson D A. Developmental changes America, 1999, 96(11): 6558~6563
in the neural mechanisms of eyeblink conditioning. [64] Rypma B, Berger J S, D'Esposito M. The influence of



14 5 4 1) BE) W F A DR RERE IR AR T -539-

working-memory demand and subject performance on Pt 1): 233~260

prefrontal cortical activity. Journal of Cognitive [68] Ramnani N, Behrens T E J, Penny W, et al. New

Neuroscience, 2002, 14(5): 721~731 approaches for exploring anatomical and functional
[65] Richter W, Andersen P M, Georgopoulos A P, et al. connectivity in the human brain. Biological Psychiatry,

Sequential activity in human motor areas during a delayed 2004, 56 (9): 613~619

cued finger movement task studied by time-resolved fMRI. [69] Liu Y, Gao J H, Liotti M, et al. Temporal dissociation of

Neuroreport, 1997, 8(5): 1257~1261 parallel processing in the human subcortical outputs.
[66] Catalan M J, Honda M, Weeks R A, et al. The functional Nature, 1999, 400 (6742): 364~367

neuroanatomy of simple and complex sequential finger [70] Zhuang J C, LaConte S, Peltier S, et al. Connectivity

movements: a PET study. Brain, 1998, 121(Pt 2): 253~264 exploration with structural equation modeling:an fMRI
[67] Schmahmann J D, Doyon J, McDonald et al study of bimanual motor coordination. Neurolmage, 2005,

Three-dimensional MRI atlas of the human cerebellum in 25 (2): 462~470

proportional stereotaxic space. Neurolmage, 1999, 10 (3

Motor, Language, and Learning: Functional Magnetic Resonance
Imaging of the Cerebellum

Lin Chongyu, Weng Xuchu
(Laboratory for Higher Brain Function, Institute of Psychology, the Chinese Academy of Sciences, Beijing 100101, China)
(Graduate School, the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The past century has witnessed slow but steady progress in understanding the function of the
cerebellum, while most significant insights are gained within the past two decades owing to the advent of in vivo
neuroimaging techniques, functional magnetic resonance (fMRI) in particular. This article summarizes our recent
fMRI studies, in which we examined the involvement of the cerebellum in motor, language and learning tasks.
Theoretical implications of these studies are discussed in relation with relevant literature. The paper concludes
with two inter-dependent conclusions: the functioning of the cerebellum in nature appears to be generalized
rather than modality-specific, dynamic rather than static, correlational rather than isolated; consequently, it is
very likely that investigation of the mechanisms underlying interactions and cooperation between the cerebellum
and the cerebral cortex will become a new perspective in the field.
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