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Abstract
Theory of Mind (ToM) which the ability to attribute mental states to others are important processes in social cognition. Brain imaging
studies in healthy subjects have described a brain system involving medial prefrontal cortex, superior temporal sulcus and temporal
pole in ToM processing. In this functional magnetic resonance imaging (fMRI) study, we used the picture sequencing tasks with both
intentional story (ToM story) and physical story in order to allow comparison of brain activations in these two processes. Participants
were ten right-handed healthy Japanese volunteers (male = 5, female = 5; mean age was 24.9 years, s.d. = 1.4). Functional images
were acquired using a 1.5 T Siemens Magnetom Vision. Our results showed that the ToM story compared to the physical story re-
vealed increased activations in bilateral superior frontal gyrus, medial frontal gyrus, and right middle frontal gyrus. Correct responses
in the ToM story were associated with enhanced activations of right middle frontal gyrus, bilateral superior frontal gyrus, right orbital
gyrus, and left inferior frontal gyrus. These activations are common to a part of results in previous brain imaging studies on ToM and
social cognitive functions using various tasks. The present study suggests that social cognition in a nonverbal task is especially asso-
ciated with the medial and right middle frontal function. These results have implications for our understanding of disorders character-

ized by impairments of social cognition which are related to making references about mental states of others, such as schizophrenia

and autism.
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4 avnbkda Iy 7EO S L, B AYOERD
T 54 avAEIRNPLESRETH o7, TOR
S A WNIRTERE, WAIFTEASIREL A T ATEEE, il
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LT, 2y Z7EIEEORELZ TR, & 512, Brunet
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ms/90, FOV =200 mm, Matrix = 64 X 64) ZHW\/=, 7%
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7 EESEEOT ey 7 (alb) BB KT on-
off D box design & L 7= (cacbecacbeach --+), > k12—
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A b=V =R THRICE - 72 DD OB GRRE
) 9.0 (SD=3.7) W) A b — U —FLEE: ) 18.2 (SD
=4.9), t(9)=7.09, p<.001],
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Tarairach coordinates

Z fifi X y z R/L BA
1. TOMARE v.s. = b a2 — L4l
3.79 22 80 42 FEHIENNEE S R 19
3.60 30 -84 20 FR % g L 18
3.55 2 88 -14 RONE] R 18
3.13 36 450 HpRiTEAE (A L 6
3.12 36 2 36 HpRiTEAE (B L 6
2.91 -20 8 60 -RifEAH] L 6
3.03 28 6 62 -RiEAE R 6
2.86 42 6 30 i RiTEE(A] R 6
2.82 52 22 40 R RTEAA] R 9
2. WPRBOS RS vs. T2 b — LSt
5.85 8 -66 50 RIS L 7
5.72 30 <72 32 % EE(R L 19
5.58 16 -74 48 BEATE/NE . R 7
4.50 -40 6 48 R RITEE]E] L 6
404 22 2 64 b iigEmE] L 6
3.98 46 32 36 HRRiTEA(R] L 9
3.80 44 2 52 HRRiTEA(R] R 6
3.77 32 4 60 FRRiEA ] R 6
3. TOMAREE v.s. WIFRROSAFRRE
4.34 8 -8 64 b AiEAEA] R 6
3.40 8 2 64 b RiEAEE] L 6
2.86 0 -14 60 PRI FITER[E] 6
3.61 62 4 26 BRIN-TE] R 6
3.14 38 0 48 FRRITEA(A] R 6
3.07 52 0 34 BRIN-TE] R 6
4. TOMARRE D R fE & O AHRY
4.49 26 54 4 HRRiTEA(R] R 10
3.99 18 52 0 eI R 10
3.79 -15 55 8 eI L 10
3.28 12 18 -10 AR e e R 11
3.19 20 15 -15 NG L 11
3.06 22 24 -18 R RTEAE] L 11

ToM: Theory of Mind

BA: £ 7FBroadmannfili & 5 & v 9

R:right£7 2R, L: light/c 5K

5 DOEFGREE O R & O

DORRITIREEZZE L X, DOMRREICBIT HIEAE R b —
V—$ L OMBEEmBF L& 2 A, AHRiEERE (BALO).
i ERTEEE (BA10), ATIREE Rl (BALL) . /2 FAifSA[H]
(BA1l) TH4IEEh & OFBE/RIEOHBNR bz, (F 1,
X 5)
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H=ARE, F¥REREFLELTHEELTND I EDUR
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124 < OIMEIEISE  (Brunet et al., 2000; Brunet et al., 2003;
Gallagher et al., 2000; Harris et al., 2005) T, LOPHZEE
IFC ORRIE 23 5 & 41TV %, Frith & Frith (2003) 232
NETOWEEE LOTZMEICLD L, 2y 7EEH
WA & L ORI T 2 T X T OB L T
Z O DIRIENRO BN TWVD E W H, 51T, P
ATERATEF 1Z, & AR H 5 B M ITIHEE & T,
HOOSE N LR, MZF OIS THLDO T E2E X DB
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WAL OIRIEIL, ZOZ EIZBE L TWD O LitZeuy,
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ATEF,SEENE AT 1B HIRE R R b7, T ETIC,
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FEITER SO TVWDHZENRBINTEHY (Brunet et al.,
2003) . AWFFEE b EACHRRIS A R EE I CREICE T
L SEE G ORF 217720 Z E NS HBROFETH D,

St
AT, IUNEATEOE RV R TR B A s i A1l
TERIF 2 HEE 2 3 2004 ~ 2009 £ (CREST) 3 & OVF} %
W E B4 REEFZE (B) FREETE B 20330141 12 L %58
AT,

5| FA3CER
Baron-Cohen, S., Leslie A. M., & Frith, U. (1985). Does the au-

tistic child have a “theory of mind”? Cognition, 21, 37-46.

Baron-Cohen, S., Leslie A. M., & Frith, U. (1986). Mechanical,
behavioural and intentional understanding of picture stories
in autistic children. British Journal of Developmental Psy-
chology, 4, 113-125.

Baron-Cohen, S., Tager-Flusberg, H., & Cohen, D. J. (Eds.)
(1993). Understanding of other minds. Perspective from Au-
tism. Oxford: Oxford University Press. (/X2 e a—=x ),
S., #—H—+T7F2AN—=F H., a—x=r, D., J.

NHIBREE 052

FRZR (EaR) (1997) LOBE—H BEOHR S D
— ke T, TR .

Brunet, E., Sarfati, Y., Hardy-Baylé, M. C., & Decety, J. (2000).
A PET Investigation of the Attribution of Intentions with a
Nonverbal Task. Neorolmage, 11, 157-166.

Brunet, E., Sarfati, Y., Hardy-Baylé, M. C., & Decety, J. (2003).
Abnormalities of brain function during a nonverbal theory
of mind task in schizophrenia. Neuropsychologia, 41, 1574-
1582.

Calerge, C., Andreasen, N. C., & O’Leary, D. S. (2003). Visual-
izing how one brain understands another : a PET study of
theory of mind. American Journal of Psychiatry, 160, 1954-
1964.

Carrington, S. J., & Bailey, A. J. (2009). Are there theory of
mind regions in the brain? A review of the neuroimaging lit-
erature. Human Brain Mapping, 30, 2313-2335.

Fletcher, P. C., Happé, F., Frith, U., Baker, S. C., Dolan, R. J.,
Frackowiak, R. S. J., & Frith, C. D. (1995). Other minds in
the brain: a functional imaging study of “theory of mind” in
story comprehension. Cognition, 57, 109-128.

Frith, U., & Frith, C. D. (2003). Development and neurophy-
chology of mentalizing. Philosophical Transactions the
Royal Society of London Biological Sciences, 358, 459-473.

Gallagher, H. L., Happé, F., Brunswick, N., Fletcher, P. C., Frith,
U., & Frith, C. D. (2000). Reading the mind in cartoons and
stories: an fMRI study of ‘theory of mind’ in verbal and non-
verbal tasks. Neuropsychologia, 38, 11-21.

Gallese, V., & Goldman, A. (1998). Mirror neurons and the sim-
ulation theory of mind-reading. Trends in Cognitive Science,
2,493-501.

Happé, F., Brownell, H., & Winner, E. (1999). Acquired ‘theory
of mind’ impairments following stroke. Cognition, 57, 211-
240.

Harris, L. T., Todorov, A., & Fiske, S. T. (2005). Attributions on
the brain: Neuro-imaging dispositional inferences, beyond
theory of mind. Neorolmage, 28, 763-769.

JNHERE (2003). WMOFZH & LATEIO LA E#EHE
.

Jonides, J., Smith, E. E, Koeppe, R. A., Awh, E., Minoshima, S.,
& Mintun, M, A. (1993). Spatial working memory in humans
as revealed by PET. Nature, 363, 623-624.

IAER R (2002). T —=a—nm . BRIRKSRE 2,
31, 1550-1551.

Kobayashi, C., Glover, G. H., & Temple, E. (2007). Children’s
and adults’ neural bases of verbal and nonverbal ‘theory of
mind’. Neuropsychologia, 45, 1522-1532.

TS =B B ENIEAE (2005) . e G JAAE O i R I RE R 2,
Annual Review 1% 2005, 325-332.

Premack, D., & Woodruff, G. (1978). Does Chimpanzee have a
theory of mind? The Behavioral and Brain Sciences, 4, 515-
526.

Ruby, P., & Decety, J. (2003). What you believe versus what

HT1E2 G



Chieko Takamiya et al.: Brain activation associated with theory of mind

you think they believe: a neuroimaging study of conceptual
perspective-taking. European Journal of Neuroscience, 17,
2475-2480.

Saxe, R., & Kanwisher, N. (2003). People thinking about think-
ing people: The role of the temporo-parietal junction in
“theory of mind”. Neorolmage, 19, 1835-1842.

Talairach, J., & Tounoux, P. (1988). Co-planar stereotaxic atlas
of the human brain. New York: Thieme Medical Publishers.

(%ZFm 2009 411 H 18 A =z : 2009 4 11 A 27 A)

Journal of Human Environmental Studies, Volume 7, Number 2

135





