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BAARNEERERR : AIENEIOHEER

HELR (@HBEXY - £ESHEAN) « TEERIA (EESHITH)

1. U &IC

BRDIEERREGETHS "IHA - IADEBREAZE LA LBELE - HHEE
ROEEMLD SIREES 5 C & ZHMNE U T MEREA X —Y Y VY FEZRAVWCRAAMOZ
BREMRERMRICEF Ulc. TORIC. RRELETILOSRIEBESNTLW MERK
FEEBELUHRSFEBEOEGFERINSIBARTZ YT —ILERATELIY RDFEERE
NEZEZS) EWSBEADSIHAIL. TRIEEEZNZERET SR EWSH1D
ONSZDHEBREBZRDI L& Uiz, 2hid. RODELEFTILOR—ZICH B, 1B
- BARBEXNMCEEZRZDDD (HRFE) CHAITHER - ARGEXKPPRERZX
Z550 (AHEFEE) EWSITMETI. ZINSKRITEETLERSIHDNH S EWD
BOHAbELEBO>TWVWD, bbb KPVPEREZEHRMOEST >NMFTETE2RENTTO
L RICEZENZEZ T AN RO ORREICH ST 2 HREEOBRANRAIRTHD. Al
ERRHRE FENESE (BB RR) CENETRICRARUTCLOH2A0EFE (L6
) OZRAENAS 7 7O—FURITNIFBRSBVWEEZI NS5 TH S,

A tEORZOEZEDOHRT, REMNLBECDTOEINEI BICIE. BIERGHE
BANKRDH SN BT THELS BEBHSMAICE > THRENFEICEISBEVWELSICT ST
ENEETH D EMRTWS (Tomasello, 1999), I I TEEREEN% FDODHFRA
EROEBTHD. TNREFEHIEEBEOEICOVWTHDERAL K BRVEHREEE
TW3HDEUTEBRIDENZR—RELTWS (Tomasello et al., 1993), Z®
BEAICK D, IEDSEENICEE IR TR, thEZBLTEETEDLSICR
2DTHD. BRlE. BAEFHADEWE LT, COZBENENH DD TIEBRWVME
EZ, ETIIHEMDOEAICEREY T THAEET > 1

2. HENEEEFROMBREROBAICHIT T

1990 FRFENS b M ZEXWRE UcINEREN X — IV THRRIBAICED, £
ROICRBEME - BEEOREET Y EV I W TE NFEOERIMEREICDOWTD
AADNKEEL TS e TORNZRAT, IBFEE NOHREICET AR EAICE S
TETW53, EEENHSIIBEGSRE (functional MRI)ZFWHRBEIML. Whk 3
‘RN OEBRBIEINO—&ZLE > TWD, HEWBRBEICEWVWTEODERD L S
75 M EIRRREE DNRETH DD, ZORNDORIBZAEE T 5 TREINDSERD
FEERHDOD 1 DONTHRIEDFRH & Wb TW3 (KK, 2009;Balon-Cohen, 1995),



FIRBHOERERICOVWTHEZ L ORI EIN. INETIC LRAIBEE(STS)PRIE
ERAIER(MPFC) - BIEERBERE (OFC)RENEERKEIZE->TWS I EAREINT
W2, U LansiEHh < FTRADHSFBAO—RIEE U TORIRRHOHRERT
Hb. WEOWNHEIAI 27— a VBHETE, BROLOEDFY1FIy I THE
ERAMNTHD. SETORBHEBOMRTIFESZIZENBVWABNEKINTWDEER
5N,

FREOLSIC. SNETOWDODZ MR OIFR TIFHRFBA & LS EADRNEEERE
ANZZXLNBTLEINDZFETORENIFE A E TH > T(Jaegher et al., 2010), 18#R
DEBNCH T 2HRERICOVWTHZDERBRITHEATVWID, FEAEDREEIFRPLE
BE-BEETAZAVWCHDTHD ., HENEEERORMEEX DX LICDWTIED
Mo TWERW, IREDHHE TIEERIFIEEICLDED EINZHDTHD, ¥4I vy
BT ZHDTHD CNEESZ, 1 DDA FTIANIVRATLEUVLTEZIRWVR
h. EORKTOHSMEEERDKEEEX T Z X LAISIBETER W,

CZTCHEELERBRZDN., TREDELSICLUTZEDHEDYDHDEDZ U7 ILY A LIC
AT 2N TH D, FNICIFERUBITNIERSBVWEALEZ VN, —DIFEBOFHIINTH
%, FHICHEDERBRZEN & U RNBEERZ R ICIFEHD fMRI RREHA (L)
PZNAN—ZAFv V) EIFTRERARFTDT. TNZNOEHZWIEZ ) PILY A L
THEBRTEDZVRTLADOBENDETH D, WA TREFEALEM T MRl RE
IEXF VBN A NRETZD DT, ZDHLITIENED DTENRETH S, RIC TMRI
ICH T D EREDREEDERTH D, —MRICHEEER MRI D & DEAIMNE S Wo T
BEPRBICH U TRIDT 2NICDWTRNRDBICIFEARY —ILTH DD, BNBEEE DK
BT A FIXLZHRRT BICIEHEBEIRENRTEL TWS, i EEG [FZDEZEM
DEREED S A DEEEF T INI DR E (T2 L WA BB R IFEN TW D, A IFIFR
MICiE TMRI & EEG OMEZRAW2 Z & T, TNZNORREFHVRH SHHRE ZZIT
g52&EL. FTREMRIZZORMEHE L THHAIRZED D & & LT,

BRI TICBARZLEOHRAMA T, BHEOZED fMRIBREHHY X T LA%IL
5 EITHRZED TWeo 22T VPZIIAALATEEVDORREZRIBTERRZE
LTIAZ2Z—ya v TERMN BEVLWOBEMNEOBRELIT TH > e HIfFRDE
ICEFE ISR TRENIEHDTH >lco UNHZAD MRIFHIZDRE HEWVWE
REETH o Icleth. ERZ T DICERBEBREANEh ofco £ T, BHICHEBELL
dual fMRI TOHRZTWVWD D, BADNE I 2EEBZMRAAICH. o CHELEEODIA
WHRIBEERREXR TP ORI EE Z 5 X S dual MRl Y X7 LDIIE EF%E1T
SZEERoTe, FTEERICHIRANIELSIC, MRIZZEEIF-Z &1L D MRl B



AND/A X, BURAD /A ZDFN%EITS E BN S5FE0HT. /A AFERZDH DI
ARDBETIEBEWVWD, ZOEIFSEDIARICEZWICKRIDEEZI SN D CH. K
EBTIIZD /A ZA/RICDOVWTORE E LIS DWTIRR D,

3. EBAICEA UL Dual fIMRI YR TFLICH TS/ A4 ANE

[BAERDIRE
MRIBEREARICKSAALEREANX S - REGESFHIEEDERZE2TONICUL
TMRIGEEZT>Tc & 2B MRIB&RICHEBRBAREE DN S /A IANKRERE 5N,
KIEAAXRSTHREUVAEILS /A AR SNTc. INTRERICKELRZEHIETLE
Sleth. UTDONR=ZHEU o
W AXZ - BEGEERFHAREREICAVWTWSEERZY—ILRIRY I RIC AN, &%
BOROEE (DEL) ZTRKI B EICID /A XZBFESBc, EIBEAAS
DB E Y —)L RXNERZIT > 1o
MR EEONEKICED, HEGRD ./ A XBEHEHS N, Y7 ILERKD MRI E&
D/ A XHERL I ETHRA DT TIEBRW, BIKEROBREEE LLHRICIE
/A XMERT B, BRICY—ILRHETWSDITTE>RWN, 28D MRIOD
S5, 1 DEHECRARICHEEN S D TN/ A XREB>TWB I EMHIBAL T
. MERZFBUBERU

[Single MRI x 2]
IVTILMRID /A DD DIER Uz, 280 MRI ZRI& IC8H L TIZIHEDE
BRIINTD/ A ZXFrv I &Tolc §5&. RRICK > THEZHD L SICERVWIAD
RSAZXDNEEUC, TNIEMRIBRERDOY A IV I PHVWSY—J I VRITL>TE
Bolco FILFEBT2HED MRIZRAKRAY —~SEHE. EREZADEBWVWIR/ 41X
DHERBHERIIRERIC END Z EDDD o oo
XK AEHEY MRIBBREORY (BRREN) ICIFEAENM W &2 X ITHERU .
FEBEOHEBEDEREZZE ULEBRICIE /M XMERT 2 & DEMND SN, ATREHE
ELTT7—RADII—THEENHD. BHEZNZENDIY AT AT —ADERZIT o1,
FANYRTAVDT—TIIHOZZEB LU E I ZHETOHRENRES NN, 5IEHESE
/A XIEE L TR > TWV e,

e, LRENKZHEL TWBRIC. ANY RTAYDT—TILHB 7Y TFHERD MRIE
ROER /A X%&ia> TWB AU B REBENIco Ny RT7 4 Y BEN/ A XRT
HBAREMEIRELS. ADSBALLASHDRT MRIERICER/ 1 XAHBMEAL TL
26DEEZSNT



W AV RTAVELUIZE /A XEDEBWTE, Y T)ILD MRITHIIEANY R
7AVEEBERLTH /A XFHEBWZ & T—TIDEEEICK > T/ 1 XDEIHNEAL
FTEIENSPEDERIANY RTAYDT—TILDBNT7 U TFEBR>TWS I EHH
BEEE U TEW T EDRER I N IRELT, (1) ANYRNT7AVHRBREBEOEWNGS
FEALGW, (2) BENIC/ A XRZRUVFEL TUET S, BHDH. (2) ICKHE
IO ZESBHEIF (1) TERERZIT>Z2&E U,

[Dual MRI]

28D MRI ZEKICAY—RIETVWBREZICRW /A IR, ZD/ A X/ Y
M2ABTERD, IbE5—FIKKIFTHEDAAICHIED TSI ENRonic, £/
AXDRF v VEICERE - YV EEZ DI EBERINC, YRATIYT 4V ZICAN
. ARV AZEEVWTRAF v Y OREE - AL &/ A XY U ZFANIC, FDFE
B 28D MRINEFEFERICABPITZEN2F7—F 770 her>TEN. 100ms
TNDEMRD /A XER->THENZ I ENERTE I,

XE : MRIBAEADREERBRZRELT. AN Y HAAADIZH DEEH 1D -
TWBZERBHD, cnZEE->THD MRI DERHIBAT BAREMENETE o 2D
FTeHNAKN Y HANDERZ Y —ILREDEVWEDICEELcEI S, —HD MRI &
BT TEERRRIE SN, ZAEOREBEZY—ILREDOBVWEDICEFIT S &
N27—FT777h BBIR/AXEBITHKRU T

[(RRE T 50 5HE]
DHBICESNEEW/ A XBLICT—F 777 ME, EERERZIEBRE I &l kD
NEDRBD U, BRDEZD, —BRER/AXDERIF. 71 IILFHRZBEBLTVWS
e b5d . ANV AAANDIEHDERZIE> TADRAALRERID MRI H 5
DEME /A XTNY RTAYDT =TIV T VT FEB>THW, ZNHERICES
fcbDEEZ TN, LD > T WREUVLTIRF /A XRERST ZEIEFEEBZATH
EMNETTUTFTERBROD>TWBAYRTAVDT—TILELTDEDICT B & &R
Sl THRHOE() RBRDOANY R T AV THEFEZIDELSIC.T—TIIC—ILRZHET,
) BRI —TIHSIFFa—TRHDAY RTAVICRIET B, TH3o
COMEKICED . IMRITARICTHZ S DINEEEEERZEIS TE 2 RAHDER DT,
RIERICH P Tt 2R EEROMEZRA L .

4. HSWEEEREUVLTOHREE -Z0HREREZRS -

E hDOHESIGEEHICERGRAEEORE TORINDBEHRICEDEILTWS, &
DESBUARICH > THBRIAZI 22T —Ya D EHEKB I EFEDHTEETHD.,
REZDHEREBOBPEINEATVND, UH U, INETRUESHERICHT 2EA D



MoEE HSMRM) ICBAITIMELNEL. UPIILNRIAI 22— a ViGETOR
ROBCEB Z 5T 2MIE. HE LOFINCREN - BMITFEOBRHES LR ENSIF L
AMERBINTWEW, BLEHAFELS L CEEBFAERAICZEOBEEEN MRI RS
% (dual functional MRI system)%Z 375 EIf, TRIEDPD ED ) EHESMNAI V5T S
73>vofle LT, ZOMREROBEIPZEIEL .

PAAVEIMNEOAZI 22—V ERIIEZ ETROTEETH D, FicHtRH
FRZRET 2, SSICHRIFEOXRMEBRECOEHBRRHAY—H—ICREDS%LH
WhhTW3, BXIFZEBOBEROYD ED (FAaAVFIR) EHRFROHRE
BEFANDCH, BHRZICZAD MRI ZN2NICHEBEENASRETY ZILY A
LCEEWOEZREROoNZ VAT LZEBEL (K1), EBEZ{Tok. 1 DEBDERT
FZBEHEBERADRT T, 2DOEOERTIEEERA & SEEERRE(ASD) DY
ICADTHLEL. ZNZNOREBEERITHRORES Z LIRS U feo

1 BHRZICHEEL  dual fMRI ¥ X7 LADEREHKK

EROBR., FITHFEFEORBENTEED S RAEHKERE (LT ASD)TEERIC
BFTLUTWSDHES5T, ZOHEF LB BEBRATHETIZERICH DI &N
Mot (B2), —MRICASD IBREREFHO I ENEFTHH EWDNTWSHA,
R THREFARBENVUTEDOBRRZGAS I ED EFIHEZTNWEWS I L
74Ny AN ol



P3T PLST N3T N1ST P3T PLST N3T N15T P3T PLST N3T N1ST P3T PLST N3T NLST #p<01

ES EN BS BN
HBFDBHcue m—JLHicue

M2 HEEERFEOHME EEDOENS. ASD #. ASD EFORERE. BERNE
FORER . BREFHIVBFORER2

Bt X —Y VT DiERZR5 &, ASD TRERTIEREXTHORES. K
HEFOFEMETLTWS I &, ASD EXRTZHBALBRERTIE. BE-BEXTOD
WERE L D ORAREZXTHORES. FICHETHENT EREFOES. HTTEL TV
BpZEMRVWEENT: (M3 B4),

ASD ASDDBFDRERA

2 e
;e

L
” ' w
p%.OO] (uncorrected) p<.05(FWE corrected at cluster)

3 RRLEZ L TWSEFORES



4 (f5) ASD THRIRALEBRICRCEEIDET U TWIH
() ASD DEFDOREMA THRIRLIER ICRIEEI DB L TWIBR

FIREREOREE Z ZE US| W RERRIIT—5 2B WT 2 DDXOERZBALO
BEBRFZITolcE 23, BTHERICEVWT, ERORT (painDAMNBEEEZS Y
XA X ULTRT (non-pair) &K D HEEMNEVW ENDh -7 (R5)e TDRFPTH
K2 EEEBRAE-BEDOR7 TEHSNEH > I,

ASD-fZE~XRT

)
=
<]
7
N

pair  non-pair pair  non-pair
RE-RENXY ASD-RENRT

K5 X7 TREBDRBENRD SN icERT
E5c. COETHIBEENMEADRATE Z EHERICED > TWEDH. ZDEND

fEEBRA L ASD THEHHNIc& T3 ASD DRY &3> fc@ERATAH TRIZED &
ALABRBEORENEENMETLTWS I &> (K6)
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£ T RIZEE) & DREENE S

N \
=3 : S
ASD (3.0T) Pair of ASD (1.5T)

Normal (1.5T) > Pair of ASD (1.5T)

Normal (3.0T) Normal (1.5T)
ore

5

LER LY

0

M6 (f) ATrEOEOHENES () BEIcEDL B > R

InNsDZENS, HEEFRICEWTANBENFEEREENEERKREZRILT
WBZ & XA TRIBEREG LAREEN YA AV T I ML 20BN OHBICEER
BEREERICLTWS &, DREE N,

. ¥&H
BAEHAOKBEIICHEWVWT, HEUPYPII 22—y 3 VIicBh2MEDRELEN
REEASIERIVEEELR—BERATHDIEEZISND, SEIFMIE HHBA LIS,
HEMEPHESTHENORFICEDEDCERAEN D > L EZEZSNIDZED NS,
ZOHREBZHASHICLTVWESEVWEEZTWD, e, BRI TEIEN - BIE
HFECHFATEIVZANBARTZ Y TILI—ILEDENTWEEZSNEHD 12D
FERTHD. 255D, EQLSBREAZEEL THRZEDNIER VD, tHIIDH
NEMEBZNSEEREFTBEZHE> TLWE W,

SEXM :
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Mind”, MIT Press.

Jaegher HD, Paolo ED, Gallagher S (2010) “Can social interaction constitute
social cognition?”, Trends in Cognitive Science, 14, 441-447.

Tomasello, M. (1999) “The Cultural Origins of Human Cognition”, Harvard Univ.
Press.

Tomasello, M., Kruger, A.C., Ratner, H.H. (1993) Cultural learning. Behavioral
and Brain Sciences, 16, 495-552.
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*Department of Neuropsychiatry, Faculty of Medical Sciences, University of
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‘Biomedical Imaging Center, Faculty of Medical Sciences, University of Fukui,
Eiheiji, Fukui, 910-1195, Japan

°*Research Center for Child Mental Development, Kanazawa University,
Kanazawa, Ishikawa, 920-8641, Japan

Introduction

Joint attention is an ability to coordinate attention between interactive two
persons regarding objects or events. Lack of joint attention is one of the most
reliable markers in children with autism. Recently, we developed simultaneous
measurement of the brain activity of two persons engaged actual mutual gaze
and joint attention task, using hyperscan MRI (Saito, Tanabe et al., 2010). In the
present study, we try to elucidate the differences of neural mechanisms of
joint attention between adult individuals with normal and autism spectrum

disorders (ASD) employing this system.

Methods

Forty-two volunteers were participated in the present study. Half of them were
diagnosed as high-functioning ASD based on the DMS-IV and standardized
criteria using the Diagnostic Interview for Social and Communication Disorders
(DISCOQO). Individuals with normal and ASD were paired (21 dyad in total). In

12



addition, the data of another 19 normal-normal dyads, obtained by our
previous study, were used to compare the results of the present study.

To measure the neural activation during the on-line exchange of eye
signals between the pairs of participants, two MRI scanners were combined
with an infrared eye-tracking system. They performed the joint attention task
with exchanging their eye gaze information in real time. The other participant’s
eyes were presented on the upper half of the screen, and two ball targets were
displayed at both ends of the screen in the lower half. The task was to look at
one of the ball targets cued either by the eye movement of the partner or by
the change in color of the ball target. Two (ball/eye cue) x two
(shared/nonshared attention) factorial design was used. Ball cue provided
simultaneously to both participants was set as control condition. Participants
were required to keep eye contact during the experiment except above 5 task
conditions.

Functional MRI data were obtained using T2*-weighted gradient echo,
echo planar imaging sequences of a 1.5T or 3T MR imager. Individuals with
ASD were set in the 3T MRI whereas those with normal were set in the 1.5T MRI.
The data were analyzed using SPM8. After the estimation of individual
task-related activation, we conducted a 3-way analysis of variance using a

random effects model.

Results
Behavioral results showed that accuracy of eye-cued condition of the ASD
group (74.2 + 1.9%) was significantly lower than that of control normal group
paired with ASD (87.8 +1.9%), and other two normal groups (97.9 + 2.1%, 98.2
+ 2.1%, respectively) of the previous study. Significant difference was also
shown in between control normal group paired with ASD and other two normal
groups of the previous study. No statistically significant differences were
observed in ball-cue condition.

Imaging results showed that eye cue effect was observed in the bilateral
occipital cortex, posterior superior temporal sulcus (STS), posterior rostral
medial prefrontal cortex (MFC), and right inferior frontal gyrus (IFG) in normal

participants. The direct comparison of eye cue effect between ASD and normal

13



group showed that the activation in the occipital cortex was reduced in ASD. In
contrast, the comparison between the normal group paired with ASD and that
paired with normal ones, greater activity was observed in the bilateral occipital
cortex and right IFG, indicating that more workload of following the other’s eye
is necessary if the partner is individual with ASD. No significant difference was

observed in ball cue conditions.

Conclusion

Individuals with ASD showed less activation of the occipital cortex by eye-cued
gaze. In contrast, normal individuals paired with ASD showed greater activity of
the occipital cortex and right IFG. These results indicate that right IFG and
visual area have an important role for gaze following, and reduced activity of
visual area might be one of the causes of poor performance of joint attention in
ASD.

Reference:
Saito, D.N. (2010), “Stay tuned”: Inter-individual neural synchronization during

mutual gaze and joint attention’, Front. Integ. Neurosci., vol. 4, article127.
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HEMRE | RHEFE GERAEkemrEys). HEEH (HERY - £E2WE)
TR (BHMIRAS). EBEARIA (EESHFER)

1. FU®IC

ENDHRFERERNZHRAT 5FE. AFHOELICEH T 5L ORI OfRAD A IC
SNTEHZRESHNTT D LETIERBICEETH D, & MMIMMEDITEDRE PIEME
EWo o, EEDHSHNBEEERZN UL TERANOBERZFZE I 2ENHEEK. 215
DHNEEERAZN L THEOBRZER T 2E T RAOHMHCRITOBEREZ B
S5OM#E UTEESIZENHFKS, ELT. ZOLSBRBERIHEOEREICK DLW
B OBAENERINTVWZEEZSNZNS TH D,

CDESBENOHESFEENNZBESHICT % L TIILEESHIIZIER ICERRFERT
HO., ARBEEZHERE UKEBEEETIER S TN TE TUL 5 (Stout and
Chaminade, 2007), N FE TORAMEABRZOMMARNS., HEDITHDOERE - EIMIC
EhZ2MBREBEUV I I—Z22—0OVYIYATLOFEELNMSNTH D (Buccino et
al, 2004). CNIIEEBPEEFRAEHEEICAET ZENRESINTWVS, LHLA
N5, KAOFEMzMEEDHEEEREZN U TEEITZRIC. S 7—=1—0OYY T
LADESEETEINEDN > THEST FICHESFEIC L ZEMESERBT 2HRE
BN, ERFEEERI Z2BRERBENHBOBEREZR > TLIDNIFARSNTLRL,
Z I TAMATIE, MEBDOTEOERIC L D RKAMOFKMERS T 2O REE = HER
MRIEEDAIET 5, ZLUTEBRICELZEHNICEBBREFE I DEOMEE
EHBOEENGZHE SN OWTEFTEIT S,

2. F¥%

fMRI R IC 13, ERICOWTEEE OB THPET - iglc. BECLZAEES
812 4B OREHRADBMU oo BRAEICDWTIE, BRR SRS ERSHE
FOREZEELOERERT N\,

ERBEC L TR, RBRECREEICERSNIREEEBLZONEEEI 2E%
T, RRIMRICITRAROEERRERE LG Uy TEicidI AR E
DEEEFKELTNZEROBEOBREA N, BEOES 35 1 T, AREERR
THITEID £F 220 H 53— T2, I INY BRETE—BBOREMERE N, Bl
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ERERDERICIEEEDEARICTRDOERRNRRS N, RIBRRIBDHHI M
LT, AREFERERE VAN EBREREOFILBE ZIRRY 254G ZHA AN, #
BREIRREZR TZOEEPREZLEISLOBRIN. KIcZDFBEEZF MY
B1cHICTMRIERRICERT AN E U TREBRONBZRET ST AN ZETSENHS
MUBHERENTc, KIERBPOBRBEOREESVWHER T 5cHic. BIERRD
BEELIE. BICRDOWSEGFICKFE >R Y ZR T L SHBR LT,

VAN ERFEORGIRT (1#) ) ARBFEFORGIRT (17) )

WhRE DRERIREDHEERD T I

KB EOERRZRTLRZ VR LEE e

1. REAKRERNAHOREZEL

fMRIIC L 2K 4EICH T TIThNh, #EEIZ 1 DOREKHTCD 1 5EEDO AR
BUERR E VAN EBRERRZ 2ERDVIRUTHR U . > TERZBU TRUK
Bz 8EIEDIRL THRET DE LMoo, RRIFEBEZMITAD 3-T Siemens Allegra
MRI X F v+ F—ZRHWTiThbh, IMRIFERORICEMOESEERICDOWTHIREZIT
> 7o

T—F@ITICIE. TMRITARICE W TIRENRFIETH S Statistical Parametric
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A determination of cognitive ability of social learning is a keystone for
explaining transmittion of technology or culture. Especially, imitative learning,
which constitutes a major part of social learning skills, is specific to humans. In
this study, we focused a neural mechanism to learn the construction of a
Mousterian stone tool by an observation of the others’ behavior, and a
contribution of the linguistic ability to the mechanism. For this purpose, we
used functional magnetic resonance imaging to investigate a cortical activity
during a repetitive observation of the stone tool-making, and that of unknown
word-pronunciation.

Our result showed that the learning-related activation change during
observing the stone tool-making was shown in the right cerebellum and that of
word-pronunciation was shown in the left superior temporal gyrus. It indicate
that the progress of imitation learning by observation for the stone tool-making
and word-pronunciation were involved cortical activity on different neural
network, and the network was dependent on the information which the subject

focused to learn.
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Introduction

Imitative learning, which constitutes a major part of social learning skills, is
specific to humans; however, its neural substrates have not yet been fully
elucidated. In particular, elucidating the basis of imitative behaviors involves
understanding sensory-motor integration, in other words the integration
between the perceived intent of actions and the actions themselves. These
features of imitative learning are likely to have different roles and be
represented in different brain areas. In this study, we investigated a brain
activity during observing novel and intentional hand action using functional
magnetic resonance imaging (fMRI). And, we compared it with an activity
during observing novel word pronunciation to clarify a difference of neural
process between observation and imitation of body action and unknown word

pronunciation and its learning effect.

Methods
Eighteen healthy Japanese volunteers participated. All participants gave

written informed consent to an experimental protocol approved by the Ethical
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Committee of the National Institute for Physiological Sciences. The fMRI
experiment was consisted with four sessions of actual measurement and one
practical session. During TMRI sessions, all participants observed 15 moving
pictures and a still picture of bimanual hand action for stone tool making, and
15 moving pictures and a still picture of the pronunciation of Uzbek word. Each
moving picture was presented twice in each session. In total, the participants
were observed same moving picture eight times. The participants were
instructed to observe the pictures and to memorize the content of those action
or pronunciation. And, to assure their consciousness for the task, the
participants were also asked to imitate those presented actions and the
pronunciation of the words with video recording immediately after the fMRI
measurement. The fMRI data analysis was conducted using a random effect
model in SPM8. Specific activation during observation of the bimanual hand
action and word pronunciation were analyzed at group level. Furthermore, a
repetition suppression of task-related activation was also analyzed to detect a

learning effect of observed hand action or pronunciation.

Results

We obtained the significant activation of parieto-frontal network during
observing the bimanual hand action for stone tool making. By contrast, the
activations of the inferior part of dorsal premotor area and superior temporal
gyrus were found during observing the Uzbek word pronunciation. The
repetition suppression effect was showed a region in the right posterior part of
cerebellum, which was suggested the involvement of motor sequence learning
(Orban et al,, 2010), for stone tool making, and left superior temporal gyrus,
which was shown a learning effect on the perception of auditory stimuli

(Rauchecker et al., 2008), the for Uzbek word pronunciation, respectively.

Conclusion

Those results indicate a differential neural response for the focused
information that the participants tried to learn. That is, the subject paid their
attention to the motor sequence to imitate observed bimanual hand action. By

contrast, the subject focused to the phonological components to imitate the
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spoken word. Thus, the leaning related suppression on cortical activation was

observed at different region.
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A motion analysis of an expert's action during a
construction of stone-tool by the Levallois technique

Yukinobu Hoshino
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It is important to analyze how skKill is acquired, in order to understand
human's learning ability. In this study, we analyzed a difference of kinematic
information of hand motion between each procedure to construct a stone-tool
by the Levallois technique from a 3D motion data measured from a skilled
subject. As a result, maximum velocities of the striking operations which make
a flake like a Levallois flake is faster than that of another kinds of operations.
Furthermore, a track of the right hand of the striking operations to make a
flake like a Levallois flake showed a small variation. And, track of each arm joint
showed that the striking operation is a multi-articular motion to obtain the
stronger striking force. Thus, these results suggest that the skilled subject
performed optimal body motion control to acquire large striking force. And, it
is considered that the subject learned the optimal motion strategy to acquire
large striking force under the limitation of his own physique or the amount of
muscles.

From the previous anthropological findings, the Neanderthals were
estimated to have had larger body and muscular strength compared with the
modern humans. The Neanderthals may easily learn the stone knapping action
itself, because they can easily produce the large striking force. By contrast, an
acquisition of the procedure of the Levallois technique may require the social
learning from the other individuals. Therefore, it is necessary to evaluate the
difference among the Neanderthals and modern humans in the process in

which skill is acquired.
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AT 2. BERRNSATBEEZFTAITZ2LO5BETINEBET ZRENEZ SN,
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Transformed
Subject1 Subject 1 Subject2

Brain-based
(GM&WM)
matching

Skull-based
matching

SEFEETOMEREERDER, LRIINEE (RBE - AE) ICEDKERICK
ZHERE 1 DMDOEERE 2 DIEEADEM, TRIF. BHEICEDSEBRICE D,

MR B\EET—FICETVWIEREREIRICK ZNEEMRIOEBRBED
&

RICBRANEACAKDE CEEFRICEDWEREZBETETLELT. RITBEE
B5DIE. WAANDRKEEMRI DA ENDETTTH S, FEMICIE., X1 TE
AUTEERNBREIZENEARANICFIATE S, UHULALS, BRICAWVWSEREES
FRICEDWTHESINEDTHIH 5. ZORBEICEWVWTIE, iR 1 EEKRRE
BENH b, bE52A. AR 1 THRE UBEER & NEREBRIOMICIE. ZZEBER
EICKREEWND B, MEEMRIIKEBRAA DM ESERZ FILL TR/IESNDHD
THH., UL ZDEHAIRIETH HHENKIEIBESRE (IMRI) (&, MRBEIREZ ST
AL TWScsh, ZEBREIBEERICLERNTEN, €Dk, BERKRICKDEHR
BEANOHIEMEM SN AEESGH D, £ THR 2 Tk, BEPRICEDCERE
ZHICK > TIMRI F—% UBEIC. EOBREDBE TEEIAINRFE TESDMNET
L7z,

BAHEMICIFE. RERAZREICET 2EBRRE O FINBER Z/ER T BBRIC.
BORECZMEEORR T > ILBaEBEERRTIT > LBET. BRELTEST
BEEINY — R U T,
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WREIIRELHABLZ 15 ATH25 (AR 1 OFBREER—). KRS, EB2MH
RATDMEEZEESDERZ/T TN, BEBREICIIRBROFMEHALILER, 12T 4
—LR-OVEY N ZEBT,.

EREERVESZSEHROBER/NTXA—FE, AR 1 EA—TH D, HEEEKRICII.
LUTO®BEINT A =5 ZB W, &Y —2 T X : Gradient-echo echo planar
imaging; TR = 2500ms; TE = 30ms; Flip angle (FA) =80deg; matrix size = 64*64;
slice %L = 39slice; voxel size = 3*3*3.51mm; Slice acquisition order =
Ascending; & 130 volume,

ERRREICIT,. BMoRRERAREZA W, ERREIF. 7O 75—Ic&D
MRIZBAICKRES N A7 V-V EICRES N, B #F BR. EO4BHEOE
JUVOBETH D, KREIF. BEHFROBEHRRZIRL TEH ., REREE FERBFR
DHRE+N—TDRET 2T I —RBEZITofco RRETIF. TERKMICLENTESHE
TEEIT SHEBICER LT,

FEMTICIE SPM Z WV o, HEBEEIRD BT ICITRENGET 7O N I—ILZBA W,
BRERIL. IR 1 EERIC DARTELETIToTco BEBREBDREBERD 5 WIIHEER

(IKBE - BE) »o2B0FTHEEERD 2 WFFEINEE (KBE - BHE) BHEA
DI EMZHETE Ulco HESNICEHR(E, BEBREOBEEKRE MBI TRON
JcERRH E RRFRHDOEDRERRICEA L. TNZNEELCLIERZR . 28D
DENEEERZRAVWTERRTZEREL <. EGEHREERICET %) FHNEEIKN
T8 lc, B DIc$. LEEDEEZITHO T E2EBREDEANERZ BEMICFHL
1o3%E DFIIBEERKR & FIIRCEBR B ER U o (FIFICEIL> T, BHEE DBEIR
DRRMEFHEBRER TTERLITRMAT) .

4(@)ICFHIBEBEBREZRUc. MEBICKZDIEELTIE 15 ADFEMKTHBICH
Bho5 3 BPLOBENIE-ED Ebh b, BEDHREBEROMICKDELENLTIE. K
EREDOBRICHNT, RKEDOEPEBEDOESIFILEHUERL TWS, UL LEBHS, ¥
AEDZEPHNEREBIL > REBBERER TS, XlcZDIFE. BHRORIC
BOATBEDBERIIELONTVWRWCHEEDLS T HEPEEROERICE HIEE
D—HH RSN, BFHDIFEICIE. BERIEERICTE S HICRKREBDDIBEILH
KLTWB,

4(b) (FERIEITDFERT SN FIRCEENINTH 5, BHCH. EDFIRGE
BHAEU L SBERIER/INY —VZER U, FHIC. NEBICEDWCEREREES
ICEDWCEBERTIF. JEE I XY —DABERVPEND BREICLDEFES AL
Sfco BEICEDWEBMBEGKRTIF. HEEDRIC. RETHEEBZETNFOEDOERZ
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FoTWAWCEHEEDL ST, NEBICED VW -THRERE BAROFEEBESEZRLE Ui
—7. BEFHERTIE. SEEEBIEMMOTRBIRICERNTEETAD > TWL s,
BEERICOWTIE, BERRZMNZA ST AR EHBEMFHICHRT, K&
REPEDOBEEEDCLENBREERZ 2 2 ENHE I, BIROEAGEAND &,
BEEICEDCERTIE, MORFEEIF. WMOSENBZKREZICHAIL THRLNSHIC
AH > THRERICH DIRZMICIEK - B/ L TW oo O KSR B EMARZETHIC &
ST, HERE, FREEERZZIENTEZ NS, TNSOBEDRELEME
DHEENTEIND, BEEROBE. EEEMNEBICEDWETHREKRTIE. BKROD
BREBc. HEH EHEBEROERNRGRE (BEREE 3mm BE) HMEL. £
STHRBREZALETBEHICAVWDI ALYV TBICEK > TEFPITFTWS, E5(C
BOLD §5 (3 #F-MEERE R & DREIC KL D HREENRICHE N TEENGZBNRGRILA
MODZFRD, ZOHER, BEICEDVWLHEEZRICLZBEDETNESEDEINLSD
DEEZS5N,

Brain based AVE Skull based AVE

a)..

X 4 i &EE CEDBREIBRLIEICET 2 YRR (), £ SIEIC. BKNRE
(KEE'EE)C%O<£ﬁ\ﬁ§E%D<£@ Bifig¥y (FEEHhEDBER%Z
BV X B FEE K

Simple AVE
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SBRORE

BE 2 FEDHRICE DEEHRZBWSERNLRE@BITF ARSI TS, — AT,
EPER E DBMEEPATEEICT L TCOTBBEDRABRELESHICHR > S
®lE. K DEENCENARNOBRZ B E A CBITFENDILERE., INETRRE
UCTWeBITFEOEENLBFHMliZERELIWEEZITWS,

CTEf®R%Z R\

INETORIE. EEERE U TRAAD MRIEBERL) S OHEEERZAWVWTE I,
{ELAKNDBERADRICIE. EEED@EITFEZ CTEHERTITIODENH D, SEOFELE
LT, LEROBENFEN CTEERTEHMEERCEIET NI ERZLIZVWEEZI TV,
LA LS, CT BEROBRERISHIHREIRZ S LOBEREICTAZHDTIEEW, F
HOBEIE. (LEMOETTICEEICKET S CO1 MEHIBATWD o, Skik. M
RIN—TDOEEICLEDEFERCT FT—YDPNEEHBZTWWEEZITWS, £
S, BN EBERADKE DEBRETICE W TIE, COT & DEELEENNEAET
HH. ZDFE—RTvTELT, BIHTTY N T A—LDHE—. EFENICIE SPM IT&
HEGRMBICET 2MBRBEZHEFELORABL TV, SRIF. T—F PRITEROD
HERBEZEH T, CO1 Y& CO2MODMERRDMEICLDHMIBRERZEEL\,

ERBICNT DRE

INTTOMRBRICEWTIE, WREROBRICLZFMNEL <. FEDEVWPERED
ERICDOVWTOEENREIDRTDTH o fco BRMNAVNWTWIEREF, BEFFE WS
SRITDRY MNUVFTRIRT DI ENTE, ZNICH U THREHIBEZ TS FEN G ER
MREIZONETREINTWVWS, flE LT, M4()icid. BERZOTIETY (1T
) ZRUTco COERDAT —ILIE. RFANGBEBROBEZRL TWD, BERED
EEZFHIMRICERI ZRIC.E- X TEDLISBENBHZ2NZRRLIEHDTH S,
X (b) < (& f#iE D 1 D Tdh % Deformation Based Morphometry &R %R U foo
RERTPOERTH 2N, BELTREANBEENZOBELEARAZEHTEDLSIC
ESDH, HEMICFTHALZEDTH D, INSOFERERAVT, HADRKEBRRAD
MOBICEDKSBHBOENHZ DL, EENICKERFTLIcWEEZITWS,
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(a) (b)
Significant change in deformation field

Averaged deformation field (Hotelling T sta_tis-t_iz;:s:. male vs. famale)

— 0yt
R
w0t

-804 L
ol

female male "

- P<0.05 corrected

g5 1

¥

M 5 EHFDE, BHEELEZFITITEHEEOEMBE (@), BXETONT MLFD
EWESEERTTOMNULIZT X MER (D)o
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BBITREHBRODTOREEICKTI2GEER

JIBHRER (2R

1. FU®HIC
BHAEHFADE TITONIERBEITIE. ZEENHDOTADEBMUENKRELRTEZS X

EZEZ B, INIEBRENZEL TENCARLBEZRIEL, BAICHT 385FN%Z
BUIEEZ D, IO UVIRIBHRICORBNZZEREAIRF. EHRFEBICINZA T, HRFE
NEERKREDZRICT, BAREBICEVTE. HROBRENHITIERMNICERL.
MICBABPREZER T %, HRFETIE. BEPHEOHRG EZEL T, MEN
BABPREZESY 5, BEFERLEBEY TROSNS—AT. A2FERHLS
MZBITBIEDICULHREWNLET ZENTERL, AR RRICEVWTIRbEELBLESR
MeBI2EYETHZIENS. ZEENDPTH, HRFBRERADBRIERICEALL

T, AIANBSTIEDOZEBRNICES I HINEEDRIL = RENARIC K DHET 5,
HERB L tEFEOTAEEHRT %2 & (Bandura, 1965) P F N £ 1&EH T % (Field &
Walden, 1982)Z & IC&DERT B, IO UIHKEFEBRICEVWTIF, BIENRITER
ZIhW, BIRNROITRZREZ. BEITDIIEE 25 UTE8HZ LI EICTT S8
BT EEHDENEEE RS (Bandura, 1977), I4hb 5, BIEICEWVWTIE, fthE
DITRZZBULTEBNRICEATZETINEBET Z N BEICEVWTIE HFIC
RBINDIETEHERMTZBUITHZEDICTDIEVWDS I ENEERATY TER
%o RMIR T, FHIC. COMEBORBEWVWSTRICTA—NAZH T,
HEZZBRITDEVNSTAICKE. MELRAFORKRBEZEEL. TORXREZIERT S
HFHEMNH B (Decety, 2011; de Waal, 2008), HERICE W T, BSDHEYTENEFH
Z0H0%EVZI2L—Y3 YL TWVWSE WS Perception-Action model HMEIEE 1 T
W3 (Preston & de Waal, 2002), & (Hutchison et al., 1999; Singer et al., 2004)
POMDEREICEVWT, BEHPHRIT D &S EHBOBEBIME ICHRERITZEZICH
BUET S EMRSNTVND, =T EBICRBSNDEWVWS ZEIcBET 2 HRER
iF. TOEZRICEEDSTTRICHANSNTVEN, 2T, AFRICEVWTIE *
AENZBEOMBERICOVWTHER IS EZBNICHRZHEEL I,

2. REREDRH

RBSINZDBEOMBEBZRN T BICHD,. £ ERBNEICRIREORREZT
Sfco RBTHRRAELRBANRED 2EBDOHAEERATRESI NS, CD2EHED
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HBDEWVWEERICANT, ERBEEZRAUc. ERFEICEVWTE. FFShTW
ZHENEVSKRRERBRENTED HI foodic. 2 HED 574 D AR D FHMEER %
EHEU .

ERSMEICH L TE. BEDEBEOFT, SnNLhofkcl e, XU, /LN -
feZ EICBBULT, SEDDEMICEZZCEER U, S5IC. RREICIERIC. F
HIICEZ DU ol &, BV BUN -2 EICET 258Kz 4EDODE8
B%Z40 0FLUANTHENT DI 2R U, 2D%. ERSMEIF. EFADRITEN
ZFNRNOAM=YICEBLT., 1 EBETRAE—FZiTolc, EBRSMEICIE. FRIlCS>N
LE - BULESHIMEEICEDEETLINZHER I DERETHD EHAL. ETFTAZITIC
FEENZDSNLE - BULEIZFHEITSHEWVWS & ZFHBALE, 2HEBIC. EBESN
HITK. BEDRE VA=V LE - BLIICHTSFEZ IMRINTITS>Z &
ZRU. ZOBROBEE ZEAILc, CORIC, MBRICEUVRA N OEFLFHESE
HFHE L TWBBIEZEERT U CEBEZERSMEICIRT U, 2Z T RRY 5FF
EEOFHmESR IS, BRICIHTEFE UL OEFRA L. BEICEBL TIE. RIYT 1 TIREE
E. $2WE. XAT A TREBETHET D EVWSIERZFEEICE L

B = -

mEFa7

M1 FERRDOH

3. RERE D FLM
SERFREOHAICE VT, RERMOE=FICKZFHE. LOIC. RESMEICLS
WERETH 2= i U oo

4. RERRM O FFH
TEEDOTMERICET 25z, F=FICLDERLIc, 5HEL - RIT17/

11 XAT 4« 7)THEERICOWTFHEZEREL fco ZDRRRI T« TRFAERR
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(4.62+0.07[FHIHZERE) DAL, XHT « TRFEERR(1.55+0.07)&tERT. B
BICHFENBEVWE WSHERES(p<0.001), Ihh S, AEERIC THER U /2 FHEE
BROZYMEEREU o

b avi XHT«T
=% 5 2 0.001

2 BZ=EICKDFERROFE

5 REFREOFMOZ L

REERBREDZYBMERILDIc I, RESME I L 2ANEF Mz RMEL oo RESME
I, 228 (BE13&/ZE94) THOH, FIIFMHEARERE) L. 21.72+0.59 i
(581 1 21.92+0.67 /&M% : 21.44+x044 R) TH D, SEIDEERICEWT, FHES
NTWBZEICEAZE2UVLRBREMEREBE1 DS THofco 5L N5,
SERREICOVWTOREMZHER U, ChicL D, BRBTEHZERERECTHRT
EH R LI

6. MRXBTHICKITIHEER
BZBITHICH T 2HREBZRNDHIC. SPM8 ZRHWTEITZERL fco BT

MREIE, FIROERICEBMZELLEME 1 ZICMA T, ERPICARLHEEE 2
Z. KARREZRAERE 1 2ZBRALL 18R (BHE 10/ ZE8R)TH D, f#
MICEWTIE, BERATEE LT, EREMELPEBCOA NV ZFEFORRZHE
UCTWBBREEERM)IC. IV MO—LEREFEFFEEDEEICEFRZH LT TRL LS
B)ZHEEL TWAEREAY FO—ILEH)DOERICE D, MINT 2HREERZME L .
BwREULT, DHVREBONRNEZ1T 5 NAIFIEERTEF (medial prefrontal cortex [mPFC:
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peak = (4, 54, 20), t = 9.63, voxel size = 1339, family-wise error [FWE]
corrected p< 0.05)R EDEENE Shic,

3 WRABTHICE TS mPFC OJEE)

ZZT. AALAVHMRICESNZ LS. ENBSER—DITEZR->TWS
BRIC. ZDMEBNDHREENIM LT ZEWS 2 EMHS N THD (Chartrand & Bargh,
1999), BHTENIEANBZRITE THDEWZ D, 5 UIBEBEMITENICEWT,
mPFC NS EIOXERE RAKICHEET 52 NS5 THD (Kuhn et al., 2010). BA
TENCHEF OORREORNENERICEELRBESZRT EWVWR D,

INSDERIF. BFICRBEINZIENE>NTFEHB-> T, H=NITED—DT
HZBFOLHNREONERRET Z2IEERBTIMNETH D HENTHOHRE
BICOWTKRNIT D ETHEICEETH D, Chid. H2FFEITS LTRERMED
RBEEVWSEANDOEBICDEND, FIADNEITZ2FEFENICEWT, mPFC 0DEZE M
ZRET B,

ALK

KR DHEEICH fo > TId. EERPMAMERER ALK, ELXABERMER. FR—X
MRE. RRKRZLZEBFIHR. BRERXEEMER. LELEZEMHRE, ERHEL
TR, BITEAERICSHAVWIEETR Ulc, TZICRMMOEZRT %o
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RENKMICL 2R - BEFER{COGRERICET SR

IKEFE (EBLSEHER DFAA—I YV TRIZEHRR Y5 —)

1. U &IC

WEBEBIAE X7 VT —ILEHEI Y ARREIOER - BN DELICE DL
SREERIAT, ICEWT. IBA - STADZEERNEZZ. FETEZA5MREEOILEE
ICEDWTHERBEINICKRIEY 2 FEFAREEEFREWN, MEDLANETTIC L BHES
MREWERASHNC U BEABETRE UHBROBZNFERCEDHESZE EE
HEBREONBEE. ZOWREOHBRTICED, BAEHTADEERNEDIE
HHEAEE NS,

WELIEIA S T 13, EERBL R ILIBE A (TMRI: functional Magnetic Resonance
Imaging) &L VOBKEHANC KD HRFHFICEALU TREMRFEE OMREER, BFFEE
KU TIEREHRZEL TRMZFEID ICRBICHEINT 2Z2FFH GBEFEE) O
HRERZY Ty hELTWVWS, E5IC, ARZFICEVWTIR, ZEOBEARFEL
THIBE (BENS DER - BE) 22 ZOMRORIAETZ2ETILEREL TV
%o AARTIE. S5IC. MOFEFOBIEEAFE LT, ZETHICERET 2FE =L
RCICE T 2 NI Z 2 (7. NENRIC L 258FE 0mRRIZEN LR 2B U
foo E5IC. ARENEMIIHESZBICE T 2EMEBOREICHET ST 2 ERFTZILT,
ZOIFHAROEITHEELL (B 1),

B*F3
@WeFH)

=8
BiFH)

guuEEE

1 iFEEEN
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2. FEBRREERF
FEEREEDO O DEM E LU T, FEHRFE. AR (BSHERTHDIEVWSRE -
#H). BCAER (BCTH%ZESRETEIEE) PHEZAR EEBELENSTZR
SNZRE) N"EF5n2 (Decietal, 1991, 1996), tEZTRRRIG. HXBEEAE
ICBITDHEBEMERETHD MEICKTFL THRILTIREETH D DI U ERRE,
BHEERPHORAERIIME ICHEBIKREFELRVWEE, DX DARMNEMNE W Z 5, MU E
& D, BEFEBICIEIHSBMOA RS THRENBMEEERRFEEIS5N D,

fMRI Z AW ERBRN S MERBR EERROHREBNASMNCBRD DDH 2, i
EHSDRWVWTFHIOMREIC K D NAIFISERTE & #RFADFEEL A SN (Izuma et al.,
2008), —A. BEDEEICHWIRZILDOE—ZIAHDEE D, BHEDIEET/{XILH5E
BT BIEICEDEBESNIZERROAMBICLD. AKICRREDFENHS NI

(Mizuno et al., 2008), &> T. #HRBIMOMEZRREE NENBRMD—D>TH 5E
Rk IE, T8 U TIREMEIC L DIBHRUEN RSN TWS ZEMES M ER T2 (K 2),

>3,
10N
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Mizuno 5 DR TIE. S 5lc. RFADEMEISREE & EDOHEBERERICH >
A, B GREOEERICHVWEENESND) ICH T DBREEOENE (L RERE
EHBALABVWZ EN Mo e TOBEDEKTRBIIFEFRE TRV, RIFHRRER
BERFEROBFEORARNHSND NS, #EFEE GREMEDAL) O
NENRMIERTHD I L ERET S,

ULHLABH S, ERREARNEIMO—RAIE TH D, ZOMDBERERPEZRERIC
B9 2@ REREBHASH TRV, &> T AARTIE. ZOMORERIIRIE IRFED
SEMEBET S ERFEEIL T, REBO fMRI ORE F THIREAELERRICET 28R
BEBICOVWTRNZED TWD, BEERIE, SSICHFEOSVWVREZERLLSET
BFBIRICETEEIZ2ERFTHD, 2FD. FEERICERI2EELRBMREEZS
ns,

fMRI % X &

BRROMREBRERDICOHOREE L TEERE (7—F VI XE)) REO—DT
&% % n-back task ZF Wz, n-back task I&. T« A 7L Lic nf@RIICERSI N/
HFEN, BEERINTVWIEFE—HIILELIDOHEZET S (K 3),

1 é 3
2 —3 'ﬁ
4 A=
1
3
S 2500ms

3 n-back task 5l (3-back task)
3OHICERSNAHFEREERIN TVWAHFO— - F—H=z4kd 2EE

FATMRICE 1T B 3-back task Z AW TRIMERFERZ 3.0 s ICERTE LT RERTIE.
BEBRACEITBEERNFIIT IO ZBA TWefe®h (Mizuno et al., 2008). #
HERZ 20s & 15sICRET DI LT, HEEOREEZHAM L, oo ThET
1-back task. 2-back task & & Of 3-back task £ TIEFEBR THWRBNH S, 5
[El#77zIC 4-back task & B-back task ZEBHIUL. #ZEDDEMODEEZIRET U T,
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4 cR9d LD, 1-back task. 2-back task & 5-back task [C&EWT., 1.5 s ORI
ERERDIESN 20s ICHHUBRICESERIMEN > fz, 3-back task & 4-back task
TIXBEEEEZROEBD > T,

O %132 R5p% 2.0 s
O % REIE 1.5 s
125 -
100 ri] ri] skeksk
{1
. IR S
< 75 A _'I'_
B4
£ 5 )
25 4
0

1-back 2-back 3-back 4-back 5-back
*p <0.05, **p < 0.001. Mean * SD.

4 n-back task ORIHEREFE & EEXRDOBER

1-back task h5 5-back task I F TOEBRNHSE% 7 BRER 7 — )L TRHL
fo (B5), ®HER20s & 1.5s. WIhbT—F VI AETUEFHILLENZICDONT
FHNBHEERIE< BRI ZRDIc. RIAMERDLETIE. 5-back task [T, &l
HERE 2.0 s IR T15sDEFESH. HEENBWERLD I ENDD > T,
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CIR)iBsERs 2.0 s

8 CI#I8RIME 1.5 s N
[
6 -
|
P |
g 4]
B
#
2
0

1-back 2-back 3-back 4-back 5-back

*p <0.05. Mean + SD.

5 n-back task DRI ERHEE & ETHRNHESZE DR R

EEXRICEWTH, FAEKIC 5-back task THRIEHER 1.5 s DIEFSH. EFEEHEL
2EDS. FERBEEIBENHZE. WINHFREER 1.5 s DIEF5H% 1-back task
M5 5-back task BIQH#ZEDO DMK EL<. fMRIDEERICEL TWS &ML .
KO T INSDITEERBOBRZEIC. BREROMGBRERZIHSNCIT HHD fMRI
ERZRB L.
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