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Fig. 6. Activated brain regions sxomﬁcantly corre]ated thh professxonal “dan” ranks during the territorial plarmmg (red) and the life-or-death judgment (green)

in the professional group (p<0. 001 unconected)

moves might have activated the supramarginal cortex in
p10fess10na1 players. In contrast with the professional go
players, amateur players lacking in stlateglc or enactment
ability requned incorporation of the preﬁontal (premotor)
and pametoocmpltal cortex, including the plecuneus to
solve the problem (Fig. 4). This premotor actxvxty was
positively associated with the dlfﬁculty of the go problem
(Fig. 5A). This pattern of activation in amateurs is consistent
with the activation results in a recent fMRI study showing
that the premotor and precuneus regions were activated
con301nt1y during visuomotor ope1at10n [13] and in a chess
study revealing activations of the. supenm frontal and
occipitoparietal regions durmg ‘checkmate Judgment [21]
The difference of these patterns in ‘judgment processes
between professmnal and amateur go players may reflect'a
distinctive professional way of thinking leading to greater
efﬁc1ency, which requires a smaller number of active
neurons in specific regions’ mcorporated i the critical
situations during the go game.

Another 1nterest1ng result from the comparison of the
professmnal and amateur group in the present study was
that the cerebellum was more engaged in the endgame
strategy in professional players. The cerebellum has been
implicated in motor imagery [8,19] and problem solving
[18] in nonmotor cognitive operations. As the rank of
professional go players became higher, this cerebellar
cortex was more activated as shown in Fig. 6. In addition,
this cerebellar activity correlated positively with VAS for
task difficulty (Fig. 5B). This seemingly contradictory
finding suggests that VAS of professionals in the present
study might indicate uneasy emotion, because the cerebellar
activation was correlated with gradual increase in task-
demand during mental rehearsal [3]. Actually, some higher
ranking professionals exhibited high VAS scores and
excellent achievement. Thus, the cerebellum in the pro-
fessional players might be associated with predictive control
that guides online imagery motor performance during tense
situations of the go game.

There are a few methodological caveats that have to be
taken into account for the present study. The task contents
in life-or-death problems given to amateurs were different
from those given to professionals because amateurs would

not have been able to solve the difficult tasks given to the
professionals. - Although the VAS for task difficulty was
found $imilar between the groups, the strategy to solve
the problem might be different. The present study did not
attempt to elucidate each step of problem solving or
strategic cognitive processes. This issue may be important
for unraveling the mystery of the expert’s mind. The
questionnaire after each session of ‘PET scans revealed
that some professionals had solved -the problems early
within the 60-s period and -spent the remaining times
verifying the answer. This might cause not only weaker
activation of brain region responsible for the execution of
solving tasks, but also incorporation of brain regions
irrelevant to the judgment process. Thus, the present
result might reflect the summation of neural substrates for
judgment and imagery 1etrxeva1 pxocesses occumng in the
professmnal mind. .

~In summary, our results have shown that the plofessxonal
judgment requires the precuneus and cerebellar activations
during the go game. This suggests that visual imagery and
motor imagination may be important for the highly skilled
tactics of professionals. In contrast, it seems that the
extensive frontoparietal regions functioning partly in visuo-
motor processing operate dominantly in execution of
solving problems in amateur go players. In view of brain
rehabilitation for the elderly and patients with dementia,
playing a game of go may cause premotor activation, which
may be of great value for stimulating the brain, because
incorporation of the premotor region activity is necessary
for executing arithmetic cognitive tasks in Alzheimer’s
disease patients [23]. The different pattern of cognitive
processes between expert and amateur go players may
reflect the brain functional plasticity or functional special-
ization that is acquired later in domain-specific experts.
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