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˻ͤ ͔ͪ͊ͯͣͤ͘Κ 





The brain, sensing the internal and external milieu, and 
consulting its database, predicts what is likely to be 
needed; then, it computes the best response.  
 

Schulkin & Sterling 2019  
 

ɂɏɔɒɐɑɐɎɐɒɖɊɉɎ 



ȬȢȬ ȯȧ çȲȢȣȰȴȢȧȴè ȯȢȺ ȮȰȩȥ 



ȬɂɌ Ƀɝɔɞ ɑɓɊɗɐɖɊɉɊɐɍɐɅɐɎ? 



ȤɐɓɑɒɊɡɔɊɇ, 
ɑɐɏɊɎɂɏɊɇ, 
ɎɝɚɍɇɏɊɇ, 
ɓɐɉɏɂɏɊɇ? 

ȯɂɓɌɐɍɞɌɐ ɖɇɏɐɎɇɏɝ ɑɓɊɗɊəɇɓɌɐɅɐ 
ɐɔɆɇɍɊɎɝ ɆɒɕɅ ɐɔ ɆɒɕɅɂ?  

ζ͙͔͙͚͔ͦͪͤͭͪͯͭ ͊ͪͭͯ͟ ͊͟͟ ΅͔͡Έ ͤ͊ ͙͔͒ͫ͟η ζ͙͔ͦͨͯͫͭͭ ͊ͪͭͯ͟ ͍ ΅͔͡Έη 

Goodale et al., 1999 

˻ͭͯ͒͊͟ ͣ· ͍ͦͦ͋΅͔ ͔ͤ͊ͣ͘ ͦ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ Ή͙ͭͻ ͫͯ΅͔͚ͤͦͫͭΚ 



çȲȢȣȰȴȢè ȮȰȩȥȢ ȳȬȭȢȦȽȤȢȧȴȳɁ Ȫȩ 
ȢȬȴȪȤȢȸȪȫ ȰȴȦȧȭȾȯȽȷ ȯȧȫȲȰȯȰȤ 



çȲȢȣȰȴȢè ȮȰȩȥȢ ȳȬȭȢȦȽȤȢȧȴȳɁ Ȫȩ 
ȢȬȴȪȤȢȸȪȫ ȰȴȦȧȭȾȯȽȷ ȯȧȫȲȰȯȰȤ 



Tank 

çȲȢȣȰȴȢè ȮȰȩȥȢ ȳȬȭȢȦȽȤȢȧȴȳɁ Ȫȩ ȢȬȴȪȤȢȸȪȫ 
ȰȴȦȧȭȾȯȽȷ ȯȧȫȲȰȯȰȤ 



Ahrens et al., 2013 



Ahrens et al., 2013 



OôKeefe & Dostrovsky, 1971 

Ȥ ɂɌɔɊɄɏɐɓɔɊ ɏɇɋɒɐɏɐɄ ɏɂɃɍɠɆɂɇɔɓɡ 
ɓɕɃɜɇɌɔɊɄɏɐɓɔɞ 



ȯɇɋɒɐɏɝ çɎɇɓɔɂè 



ȢȬȴȪȤȯȰȳȴȾ ȰȴȦȧȭȾȯȽȷ ȯȧȫȲȰȯȰȤ 
ȳȤɁȩȢȯȢ ȳ ȴȧȮ, ȹȴȰ ȦȧȭȢȧȴ ȰȲȥȢȯȪȩȮ 

ȯɇɋɒɐɏ çɌɒɐɌɐɆɊɍɞəɊɌɂè 



ȯɇɋɒɐɏ çɎɐɇɋ ɃɂɃɕɚɌɊè? 



ȭɀȣȰȧ ȯȢȺȧ ȱȰȤȧȦȧȯȪȧ 
ȳȰȱȲȰȤȰȨȦȢȧȴȳɁ ȢȬȴȪȤȯȰȳȴȾɀ 

ȯȢȺȪȷ ȯȧȫȲȰȯȰȤ 

Quiroga et al., 2005 



çȰȬȯȰè ȤȰ ȤȯȵȴȲȧȯȯȪȫ ȮȪȲ 



ȳɑɇɘɊɂɍɊɉɂɘɊɡ ɏɇɋɒɐɏɐɄ ɐɔɏɐɓɊɔɇɍɞɏɐ 
ɐɑɝɔɂ ɕ əɇɍɐɄɇɌɂ 

Quiroga et al.,  2013 



Quiroga et al.,  2013 

Ȥɇɓɞ ɏɂɚ ɐɑɝɔ ð 
Ʌɒɕɑɑɝ ɏɇɋɒɐɏɐɄ 



ȭɀȣȰȧ ȯȢȺȧ ȱȰȤȧȦȧȯȪȧ ð ȳȵȴȾ 
ȢȬȴȪȤȯȰȳȴȾ ȯȢȺȪȷ ȯȧȫȲȰȯȰȤ 

 
 

ȮȽ ð ȢȬȴȪȤȯȰȳȴȾ ȯȢȺȪȷ ȯȧȫȲȰȯȰȤ 



ȯɇɋɒɐɏɝ ɒɂɉɍɊəɏɐɋ 
ɓɇɍɇɌɔɊɄɏɐɓɔɊ 
ɑɇɒɇɎɇɚɂɏɝ 

Messinger et al., 2009 



Wang et al.,  2015 

ȪɉɎɇɏɇɏɊɡ ɓɇɍɇɌɔɊɄɏɐɓɔɊ 
ɏɇɋɒɐɏɐɄ  ɑɒɊ 

ɂɓɓɐɘɊɂɔɊɄɏɐɎ ɐɃɕəɇɏɊɊ 





ȿɔɐ ɑɒɊɏɘɊɑ ɒɂɃɐɔɝ ɎɐɉɅɂ? 



Yeomans & Frankland, 
1996 



Chen & Tonegawa, 1997 



Josselyn et al., 2015 



Silva et al., 2009 



Han et al., 2009 



Ramirez et al., 2013 



Rashid et al., 2016 



 Janak & Tye, 2015 



Ȥ ɍɠɃɐɋ ɎɐɎɇɏɔ ɄɒɇɎɇɏɊ ɎɐɈɏɐ ɄɝɆɇɍɊɔɞ 
ɂɌɔɊɄɏɕɠ ɏɇɋɒɐɏɏɕɠ ɓɇɔɞ 





In humans, intelligence is commonly 

defined as the sum of mental 

capacities such as abstract thinking, 

understanding, communication, 

reasoning, learning and memory 

formation, action planning, and 
problem solving.  

Roth & Dicke, 2012 
 



There is a popular distinction proposed by Cattell 

(1963) between fluid and crystallized intelligence, 

where fluid intelligence is considered to be closely 

related to general intelligence ñgò (Spearman, 1904) 

as a broad ability to reason, form concepts, and 

solve problems using unfamiliar information or 

novel procedures, while crystallized intelligence 

includes the breadth and depth of a personôs 

acquired knowledge, the ability to communicate 

oneôs knowledge and to reason using previously 
learned experiences.  

ü˴͚͊ͦ͟ ͦͨ·ͭ ͔ͯ͗ ͔ͫͭΈ 
ü˴͊͟ Ήͭͦͭ ͦͨ·ͭ ͔͙͍͙͔ͪ͊ͭͪͯͭͫ͟Ύ ͙ 
͔͎͙͔ͪͦͪ͊ͤͯͭͫ͘Ύ ͍ ͍͚ͤͦͦ ͙ͫͭͯ͊ͼ͙͙ 



ȬɂɌ ɑɒɐɊɓɗɐɆɊɔ ɐɃɕəɇɏɊɇ 



˴͊ͫ͊͒͟· ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͫͦ͋·͙͚ͭ 
͍͙ͤͯͭͪ ͔͚͍ͤͪͦͤͦ 
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͔͚ͤͪͦͤ·Σ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͔ 
͙͔ͦͭͤͦͫͭ͡Έͤͦ ͙ͤ͊͗͊ͭΎ ͤ͊ ͔ͨ͒͊͡Έ 

͔͚ͤͪͦͤ·Σ Ή͔͙ͫͨͪͫͫͪͯ͟Ό΅͙͔ ͎͔ͤ c-fos 

͍͔ͨͪͦͪ͊͟ ͦͪͣͯ͟΄͟ ͙ ͙͔ͤ͊͗͊ͭ ͤ͊ ͔ͨ͒͊͡Έ 

ȿɔɂɑɝ ɏɂɕəɇɏɊɡ 



ȬɂɌ ɑɒɐɊɓɗɐɆɊɔ ɐɃɕəɇɏɊɇ 



ȰɃɕəɇɏɊɇ Ʉɔɐɒɐɋ ɓɔɐɒɐɏɇ ɑɐɓɍɇ 
ɐɃɕəɇɏɊɡ ɑɇɒɄɐɋ 

      
ɏɇɟɖɖɇɌɔɊɄɏɂɡ 
ɓɔɐɒɐɏɂ 

      ɟɖɖɇɌɔɊɄɏɂɡ 
ɓɔɐɒɐɏɂ 



ȬɂɌ ɄɝɅɍɡɆɡɔ ɟɔɊ ɏɇɋɒɐɏɏɝɇ 
Ʌɒɕɑɑɝ ɉɂɄɊɓɊɔ ɐɔ ɔɐɅɐ, ɌɂɌɊɎ 
ɐɃɒɂɉɐɎ ɑɒɐɊɓɗɐɆɊɍɐ ɐɃɕəɇɏɊɇ 

 



ȬɂəɇɓɔɄɇɏɏɐ ɒɂɉɏɝɋ ɊɏɆɊɄɊɆɕɂɍɞɏɝɋ 
ɐɑɝɔ ɖɐɒɎɊɒɕɇɎ ɑɐɓɍɇɆɐɄɂɔɇɍɞɏɐ 





ȱɒɊ ɑɒɊɐɃɒɇɔɇɏɊɊ ɏɐɄɐɅɐ ɐɑɝɔɂ 
ɂɌɔɊɄɊɒɕɠɔɓɡ ɏɇɋɒɐɏɝ ɕɈɇ 
ɓɕɛɇɓɔɄɕɠɛɇɅɐ ɐɑɝɔɂ   

 



˽͍͔͔͙͔ͦ͒ͤ ͙ ͙͍͊ͭͤͦͫͭ͟Έ ͎ͣͦ͊͘ 



bin=50ms  
bin=50ms  
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ȪɏɓɔɒɕɎɇɏɔɂɍɞɏɐɇ 
ɐɃɕəɇɏɊɇ 
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Will press  
LEVER  

for  
MONEY 
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˿͔ͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͔ 
͙͔ͦͭͤͦͫͭ͡Έͤͦ ͙ͨ΅͔͍͎ͦͦ 
͍͔͔͙ͨͦ͒ͤΎ ͔͚ͤͪͦͤ· 

˹͔͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͔ 
͔͚ͤͪͦͤ· 

ʇʝʨʠʦʜ ʦʙʫʯʝʥʠʷ ʩ 5 ʧʦ 10 ʤʠʥ. ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʘʢʪʠʚʥʦʩʪʠ ʫ ʥʝʡʨʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʯʠ 

ȳɔɒɕɌɔɕɒɂ ɏɇɋɒɐɏɏɐɋ ɂɌɔɊɄɏɐɓɔɊ 

*  *  



́ͦ;ͤ·͔ ͫͼ͔͙͙ͤ͊ͪ ͨͪͦͼ͔͍ͫͫͦΣ 
͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙ͻ ͋·ͫͭͪͦͣͯ 
͙͔͔͙ͨͪͦ͋ͪͭͤΌ ͍ͤͦ·ͻ ͍ͤ͊·͍ͦ͟Σ 
ͦͫͭ͊ΌͭͫΎ ͔͙͍͔ͤͫͭͤ͘·͙ͣΦ 



Ȥ ɍɠɃɐɋ ɎɐɎɇɏɔ ɄɒɇɎɇɏɊ ɎɐɈɏɐ ɄɝɆɇɍɊɔɞ 
ɂɌɔɊɄɏɕɠ ɏɇɋɒɐɏɏɕɠ ɓɇɔɞ 



Ȯɝɓɍɇɏɏɐɇ ɄɐɓɑɐɎɊɏɂɏɊɇ ð ɒɇɂɌɔɊɄɂɘɊɡ 
ɐɑɒɇɆɇɍɇɏɏɝɗ ɏɇɋɒɐɏɐɄ 



çȱɒɐɆɕɎɝɄɂɏɊɇè ɄɂɒɊɂɏɔɐɄ ɑɒɊ 
ɑɒɊɏɡɔɊɊ ɒɇɚɇɏɊɡ 





ÅȱɐɏɡɔɊɇ ɒɂɉɕɎɂ (ɊɏɔɇɍɍɇɌɔɂ) 
ɓɄɡɉɂɏɐ ɓ ɄɐɉɎɐɈɏɐɓɔɞɠ 
ɐɑɇɒɊɒɐɄɂɏɊɡ çɎɐɆɇɍɡɎɊè Ʉ ɕɎɇ 

ÅȿɔɊ çɎɐɆɇɍɊè -  çɑɒɐɊɅɒɝɄɂɏɊɇè 
ɃɕɆɕɛɊɗ ɄɉɂɊɎɐɆɇɋɓɔɄɊɋ 

ÅçȮɐɆɇɍɊè ɐɓɏɐɄɂɏɝ ɏɂ ɐɑɝɔɇ, ɏɐ Ʉ 
ɎɐɎɇɏɔ ɒɇɂɌɔɊɄɂɘɊɊ ɏɇɋɒɐɏɏɝɇ 
Ʌɒɕɑɑɝ ɒɇɐɒɅɂɏɊɉɕɠɔɓɡ 





 Kendrick et al., 1992 

ȢɌɔɊɄɏɐɓɔɞ ɏɇɋɒɐɏɏɝɗ Ʌɒɕɑɑ 
ɓɌɍɂɆɝɄɂɇɔɓɡ Ʉ ɑɒɐɘɇɓɓɇ 

ɖɐɒɎɊɒɐɄɂɏɊɡ ɊɏɆɊɄɊɆɕɂɍɞɏɐɅɐ 
ɐɑɝɔɂ 



˾͊͋ͦ;͊Ύ ͨ͊ͣΎͭΈ ό͍͔͔ͪ͊ͭͦͪͣͤͤ͊͟͟Ύ 
ͨ͊ͣΎͭΈύ ς ͨ ͔͙͔ͦ͒͒ͪ͗͊ͤ ͙͍͙͊ͭͤͦͫͭ͟ 

͔͚͚ͤͪͦͤͤͦ ͎ͪͯͨͨ· 

ü ͭ ͍ͪ͊ͣ· 

ü ͫ ͎͙ͯ͒ͦͪͦ                                 ˾ˢ˭ˤˮ́ˮ˩ ˢ˸˹˩˭ˮˮ 



ˮͫͭͦ;͙ͤ͟ ͍ͤͦ·ͻ ͔͚͍ͤͪͦͤͦ ς 
ͣͦ͡;͊΅͙͔ ͙ ͍ͤͦ·͔ ͔͙ͭ͟͟͡ 

͙͘ Hagg, 2009  


