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大脳、小脳、大脳基底核は 

学習アルゴリズの違い？ 

(Doya K, Neural Networks 1999) 

教師あり学習（小脳プルキンエ細胞）と 

ヘッブ学習（大脳錐体細胞） 
小脳長期減弱はCa2+, MAPK, 

PKM  のポジティブフィードバック
ループの従属接続で安定化 

Ogasawara H, Kawato M: Bistable switches for synaptic plasticity. Science Signaling, 

2(56),  pe7. (2009)
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Jun Nakanishi, and Stefan Schaal Feedback error learning and nonlinear adaptive control. Neural 

Networks, 17, 1453-1451 (2004) 
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下オリーブ核の電気的結合は、小脳核か
らの抑制性入力で修飾される 

De Zeeuw CI, Simpson JI, Hoogenraad CC, Galjart N, Koekkoek SKE, Ruigrok TJH: Microcircuitry 

and function of the inferior olive. Trends in Neurosciences., 21, 391-400 (1998).

小脳、小脳核、下オリーブ核が作る閉回路の
機能についての仮説： 

学習の自由度の制御 

ピクロトキシン（抑制性伝達物質GABAの
拮抗薬）のもとでは下オリーブ核のニュー
ロンが同期してリズミカルに発火する 



中程度の電気的結合はカオスダイナミクスを引き
起こし最適な情報伝達を可能にする 

2010

学習初期と後期で抑制入力で電気的結合を 

修飾し，同期発火と学習の自由度を調節 
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Imamizu H, Miyauchi S, Tamada T, Sasaki Y, Takino R, Puetz B, Yoshioka T, Kawato M: 

Nature 403 192-195(2000) 
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Imamizu H, Kuroda T, Miyauchi S, Yoshioka T, Kawato M: Modular organization of internal 

models of tools in the human cerebellum. Proc Natl Acad Sci USA., 100, 5461-5466 (2003).



 

16 tools and utensils:
Chopsticks, saw, scissors, 
pencil, hammer, screw-driver, 

fork, spoon, tooth brush, 

brush, comb, cutting pliers, 
monkey wrench,  wrench, 

knife and clip

MRI  

Mirror 

Medial                                       lateral

Ant
.

Pos.

Averaged across 8 subjects with  fixed effect 

model p<0.05 corrected. 

The peaks are projected in a horizontal plane 

Conditions 

Tool-use execution   
Hold the tool and  look at the object 

     control  

Tool-use motor imagery 

Higuchi et al. Cortex (2007) 

Higuchi S, Imamizu H, Kawato M: Cerebellar activity evoked by common tool-use execution 

and imagery tasks: an fMRI study. Cortex, 3, 350-358 (2007) .

 

28 healthy subjects ( 14 

males and 14 females) 

Conditions

– Tool-use execution 

– Hold the tool and look 

at the object

     control 

– Tool-use motor imagery

– Story listening 

– Reversed story 

listening (control)
Typical subject 

Random effect  

analysis 

Higuchi S, Chaminade T, Imamizu H, Kawato M: Shared neural correlates for language and tool-

use in Broca's area.  NeuroReport, 20, 1376-1381 (2009)


