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Watanabe N, Sakagami M, Haruno M., Reward prediction
error signal enhanced by striatum-amygdala interaction
explains the acceleration of probabilistic reward learning
by emotion. J Neurosci. 2013 Mar 6;33(10):4487-93. doi:
10.1523/JNEUROSCL.3400-12. (2013)
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Yotsumoto, Y., Seitz, AR., Shimojo, S., Sakagami, M., Watanabe,
T., and Sasaki, Y. Performance Dip in Motor Response Induced
by Task-Irrelevant Weaker Coherent Visual Motion Signals.
Cereb Cortex2012 Aug;22(8):1887-93. (2012)

Pan, X., and Sakagami, M., Category representation and gener-
alization in the prefrontal Cortex, European Journal of Neu-
roscience, pp. 1-9 2012 Apr;35(7):1083-91. doi: 10.1111/
j-1460-9568.2011.07981.x. (2012)

Murai, C., Tanaka, M., Tomonaga, M., and Sakagami, M., Long-
term Visual Recognition of Familiar Persons, Places, and Peers
by Young Monkeys (Macaca fuscata) Developmental Psycho-
biology, 53:732-737(2011)

Murai, C., Tanaka, M., & Sakagami, M., Physical Intuitions
about Support Relations in Monkeys (Macaca fuscata) and
Apes (Pan troglodytes). Journal of Comparative Psychology,
125:216-226. (2011)

Takemura, H., Samejima, K., Vogels, R., Sakagami, M., and
Okuda, J. Stimulus-dependent adjustment of reward prediction
error in the midbrain. PLoS ONE. ;6(12):e28337. Epub. (2011)
Yamamoto M, Pan X, Nomoto K, Sakagami M: Multiple Neural
Circuits in Value-based Decision-making. Attention and Per-
formance XXII, (2011)

Nomoto Kensaku, Schultz Wolfram, Watanabe Takeo, Sakag-
ami Masamichi, Temporally extended dopamine responses
to perceptually demanding reward-predictive stimuli., The
Journal of neuroscience : the official journal of the Society for
Neuroscience, 2010, 30(32), 10692 - 702

Kobayashi Shunsuke, Schultz Wolfram, Sakagami Masamichi,
Operant conditioning of primateprefrontal neurons., Journal
of neurophysiology, 2010, 103(4), 1843 - 55
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prediction based on stimulus categorization in primate lateral
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Fan H, Tanaka S, Pan X, Sakagami M. Neurons in LPFC and
striatum can predict reward based on different types of infer-
ence, Joint Tamagawa-Caltech Lecture course on Reward and
Decision-making, Hawaii, 2013.3.5-6

Yokoyama O, Sakagami M, Neural activity in macaque pre-
frontal cortex during free choice based on reward preferene,
Joint Tamagawa-Caltech Lecture course on Reward and Deci-
sion-making, Hawaii, 2013.3.5-6

Fan H, Pan X, Sakagami M. Striatal neurons infer stimulus out-
comes, Society for Neuroscience 2012, New Orleans 2012.10
K Takaura, N Tsuchiya, M Sakagami and N Fujii, Towards the
system-level understanding of conscious visual perception: A
study with electrocorticogram recording in monkeys under
continuous flash suppression, Society for Neuroscience 2012,
New Orleans, 2012.10

Pan X, Fan H, Sakagami M. Reward inference by primate pre-
frontal and striatal neurons, Society for Neuroscience 2011,
Washington D.C. 2011.11

Osamu Yokoyama, Naotsugu Tsuchiya, Kensaku Nomoto,
Atsushi Noritake, Masamichi Sakagami, Goal representation
by macaque lateral prefrontal cortex are different between
internally-determined and instructed choice. Joint Tamagawa
University-Caltech Lecture Course (Social Neuroscience Satel-
lite at the 15th annual meeting of the Association for the Sci-
entific Study of Consciousness). Kyoto University, 2011.6.7-8
Fan H. Pan X. Sakagami M. Neurons activities of Japanese ma-
caque’s lateral prefrontal cortex and the striatum in reward
inference task. Joint Tamagawa University-Caltech Lecture
Course (Social Neuroscience Satellite at the 15th annual meet-
ing of the Association for the Scientific Study of Conscious-
ness). Kyoto University, 2011.6.7-8

Watanabe, N., and Haruno, M. Enhanced reward prediction
error explains the accelerated cue-reward associationlearning
by emotional facial expressions. Computational and Systems
Neuroscience 2011, Salt Lake City, USA, 2011. 2

Watanabe, N., Haruno, M., and Sakagami, M., Emotional facial
expression at the cue timing accelerates reinforcement learn-
ing. Society for Neuroscience 2010, San Diego, USA, 2010.11
Pan X, Fan H, Sakagami M. Interactive function between lat-
eral prefrontal cortex and striatum. Joint Tamagawa-Keio-
Caltech lecture course on Neuroeconomics. Keio University,
Tokyo, 2010.9.8-10

Watanabe, N., Haruno, M., and Sakagami, M., Fearful faces en-
hance cue-reward association learning. Joint Tamagawa-Keio-
Caltech Lecture Course on Neuroeconomics. Keio University,
Tokyo, 2010.9.8-10

Yamamoto M, Matsuda T, Okuda J, Sakagami M: Brain activity for
monetary gain and loss prediction based on salient and ambig-
uous perception, Joint Tamagawa & Caltech Lecture course on
DECISION MAKING. Tamagawa University, Tokyo, 2010.3.3-5.
Watanabe N, Haruno M, Sakagami M: Emotional facial ex-
pressions accelerate reinforcement learning, Joint Tamagawa
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& Caltech Lecture course on DECISION MAKING. Tamagawa
University, Tokyo, 2010.3.3-5.

Murai C, Tomonaga M, Sakagami M: Do monkeys recognize
when others care about them? Joint Tamagawa & Caltech
Lecture course on DECISION MAKING. Tamagawa University,
Tokyo, 2010.3.3-5.

Yokoyama O, Noritake A, Nomoto K, Sakagami M: Dynamic
changes in reward preference represented by monkey lateral
prefrontal neurons during a free choice task, Joint Tamagawa
& Caltech Lecture course on DECISION MAKING. Tamagawa
University, Tokyo, 2010.3.3-5.

Matsumoto M, Matsumoto K, Hayamizu N, Sakagami M: Two
separate decision systems affected by the value of subliminal
and supraliminal stimulus in human brain, Joint Tamagawa
& Caltech Lecture course on DECISION MAKING. Tamagawa
University, Tokyo, 2010.3.3-5.

Pan X, Sakagami M: Model-based and model-free learning by
striatal neurons, Joint Tamagawa & Caltech Lecture course on
DECISION MAKING. Tamagawa University, Tokyo, 2010.3.3-5.
Pan X, Sakagami M: Category inference and prefrontal cortex, The
2nd International Conference on Cognitive Neurodynamics-2009
(Tamagawa-RIKEN Dynamic Brain Forum), China, 2009.11.16-19.
Pan X, Sakagami M: Model-based and model-free learning by
striatal neurons, Joint Tamagawa University-Hokkaido University
Global COE Symposium. Tamagawa University. Tokyo, 2009.10.24
Yokoyama O, Noritake A, Nomoto K, Sakagami M: Dynamic
changes in reward preference represented by monkey lateral
prefrontal neurons during a free choice task, Joint Tamagawa
University-Hokkaido University Global COE Symposium.
Tamagawa University. Tokyo, 2009.10.24

Yamamoto M, Mastuda T, and Sakagami M: Brain activity for
monetary gain and loss prediction on salient and ambiguous
perception as revealed by random dot motion stimuli and
fMRI, Joint Tamagawa University-Hokkaido University Global
COE Symposium. Tamagawa University. Tokyo, 2009.10.24
Nomoto K, Schultz W, Watanabe T, Sakagami M: Prolonged
dopamine responses to perceptually demanding reward-
indicative stimuli, Joint Tamagawa University - Hokkaido Uni-
versity Global COE Symposium. Tamagawa University. Tokyo,
2009.10.24

Matsumoto M, Hayamizu N, Sakagami M: Two separate deci-
sion systems affected by the value of subliminal and supralim-
inal stimulus in human brain, Society for Neuroscience 2009.
Chicago. 2009.10.16-21.

Yamamoto M, Hayamizu N, Matsuda T, Okuda J, Sakagami
M: Brain activity monetary gain and loss prediction based on
salient and uncertain perception, Society for Neuroscience
2009, Chicago, USA, 2009.10.16-21.

Yamamoto M, Matsumoto M, Matsuda T, Sakagami M: Brain
activity for monetary loss prediction based on ambiguous per-
ception, Joint Tamagawa University-Caltech Lecture-course
on EMOTION, California, U.S.A., 2009.2.18

Pan X, Sakagami M: Visual responsiveness of primate prefrontal
neurons can be modulated by the biofeedback technique, Society
for Neuroscience 2008, Washington DC. US.A.,, 2008.11.1.
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Fan H, Pan X, Sakagami M. Local inactivation of primate pre-
frontal cortex impairs reward prediction based on category
inference, Neuro 2011, Yokohama 2011.9

Osamu Yokoyama, Naotsugu Tsuchiya, Kensaku Nomoto, Atsu-
shi Noritake, Masamichi Sakagami. Differential representation
of goal in monkey lateral prefrontal cortex in free- and instruct-
ed-choice (V/UAMIIRGTEARTEFIC K 2 HARO MRS H HEsiR
LR T 7% %) . Neuro 2011, Yokohama 2011.9.15-17.
Osamu Yokoyama, Naotsugu Tsuchiya, Kensaku Nomoto,
Atsushi Noritake, Masamichi Sakagami. Decoding of goal, in-
dependent of perception and action, from macaque prefrontal
activity during a free choice task. @HEK x>y F T —27 HD
T—r v aw 7 M EEEEY  2011.8.21-24.

Pan X, Fan H, Sakagami M. Comparison of spike activity and
local field potential in lateral prefrontal cortex and striatum.
EDDANZALEDT—T 2 ay T ®EFH, 2011.1.11-13
Masahiko Haruno, Chris Frith, Masamichi Sakagami, Minoru
Kimura Top-down signal from the frontal cortex regulates
social value orientation, Neuro2010, Hyogo 2010.9.4
Watanabe, N., Haruno, M., and Sakagami, M., Emotional facial
expression accelerates cue-reward association learning. & )
72 WAl g 2 FAERIEIL A — E 524 2 gt e % . Neuro
2010 Hyogo 2010.9.3

Pan X, Sakagami M. Causal interaction between lateral pre-
frontal cortex and striatum. Neuro 2010, Hyogo 2010.9.3
Watanabe, N., Haruno, M., and Sakagami, M., Fearful faces at
the cue timing accelerate reinforcement learning compared to
ARERE DT —2 > 3w 7 AL, 2010.7.27-30
Pan X, Sakagami M: Model-based and model-free learning
by striatal neurons, % 32 [Fl H A M2 K&, L2,
2009.9.16-18.
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Pan X, Sakagami M: Functional roles of prefrontal cortex and
striatum in reward process., FEEMBZE AWM HOT—
rvaw 7, JtigE, 2008.8.7-10

Pan X, Sakagami M: Dissociable roles of lateral prefrontal cor-
tex and striatum for reward prediction, & 31 [\l I A#fE R}
K2 2008, B3t , 2008.7.10.
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Masamichi Sakagami Reward inference by prefontal and
striatal neurons in primate, Grimshaw Seminar at Victoria
University, Wellington, New Zealand, 2013.3.19

Masamichi Sakagami The effect of cost on the reward
prediction error signal in the midbrain dopamine neuron
Reward and Decision-making on Risk and Aversion, Waikoloa
Bearch Marriott Resort and Spa, Hawaii, USA, 2013.3.6-8
Masamichi Sakagami Reward inference by prefontal and
striatal neurons in primate AR & #Ho0 MERPVE - G -
ROHN) ZERB — R SRR T EHER - 2R VR
27 I Decision Making, Logic and Cognition 2013.2.26-27
Masamichi Sakagami Reward inference by primate prefrontal
and striatal neurons 3" International Symposium on Prefron-

tal Cortex.  Inamori Center, Kyoto University 2012. 11.29
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Masamichi Sakagami Reward Inference by Primate Pre-
frontal and Striatal Neurons, Neuroeconomics 2012 Annual
Conference : Decision Making and the Brain, Ritz-Carlton Key
Biscayne in Miami, Florida, USA  2012.9.28-30

Masamichi Sakagami Reward inference by primate prefrontal
and striatal neurons, Tamagawa-RIKEN Dynamic Brain Forum,
Spain 2012.9.3-6

Masamichi Sakagami, Multiple neural circuits in value-based
decision-making, International Workshop on Gaze Bias Learn-
ing I -Linking neuroscience, computational modeling, and
cognitive development, Tamagawa University R&A Building
Room.507 Tokyo, 2012.3.12

Sakagami M: Multiple neural circuits in social decision-mak-
ing Intergration of cognitive and motivational context infor-
mation in the primate perfrontal cortex. Emory University,
USA.2011.10.22-25

Sakagami M: Multiple neural circuits in value-based decision-
making, The 3" International Conference on Cognitive Neuro-
dynamics, Niseko, 2011.6.9-12

Sakagami, M., Multiple neural circuits in value-based decision-
making, Boston University, USA, 2010.10.12-15

Sakagami, M., Reward inference by primate prefrontal neu-
rons, £ 15 [EIEERIEOOI A | S, 2010.5.18-22
Sakagmi M: Reward inference by prefrontal and basal ganglia
neurons, HTEARTEF & RMIEEMZ 2 —11 21 & 2 S OHEN]
Francis Crick Symposium on Neuroscience, Cold Spring Har-
bor Conferences Asia, China, 2010.4.15-18

Sakagami M: Signal Interaction between Prefrontal Cortex and
Striatum in Reward Prediction, Batsheva Seminar on Reward
and Decision Making in the Brain. Hebrew University, Jerusa-
lem, 2010.2.16-19.

Sakagami M: Reward inference by monkey prefrontal neurons,
JSPS-DFG Round Table on Cooperative Technology in future:
Cognitive Technical Systems. JSPS, Tokyo, 2010.2.8-10
Sakagami, M., Multiple brain circuis for reward prediction,
Dublin University Trinity College, Ireland, 2010.7.19-25
Sakagami, M.,"Category inference and prefrontal cortex” the
2nd International Conference on Cognitive Neurodynamics
-2009 (ICCN'09)

Sakagami M, Pan X: Reward Inference by Prefrontal and
Striatal Neurons, Tougounou International Symposium, New
Perspectives on Neural Mechanisms of Cognition and Action.
Tamagawa University, Tokyo, 2009.11.13.

Sakagami M: Neural Basis for Decision-making, Joint
Tamagawa University-Hokkaido University Global COE Sym-
posium. Tamagawa University. 2009.10.24.

Sakagami M : Multiple brain circuits for decision-making,
Perspective of Decision Neuroscience: beyond the Biological
Approach of Brain Science. [UPS 36" World Congress, 5# *
37 n U E BN 25 . 2009.7.30

Pan X, Sakagami M: Prefrontal neurons show reward predic-
tive activity to groups of associated stimuli. 11" Tamagawa
Dynamic Brain Forum, Shizuoka, 2009. 3.3

Sakagami M: Influences of stimulus discriminability and
choice bias on dopamine activity, International Workshop
on Open Problems in the Neuroscience of Decision Making
I R 27 B At F 7 kA i 4 4% (OIST) Okinawa, Japan,
2008.10.16-18

Sakagami M: Multiple neural circuits for reward prediction,
R A BRI R S >R T Ly "Brain and Society”, Seoul,
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Sakagami M: Corticostriatal Systems & Affective Learning,
International Symposium on Attention and Performance XXII
Varmont, US.A, 2008.7.14-17.

Sakagami M: Reward Interface by Monkey and Caudate Neu-
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vavy, "Gambling, Reward, Decision Making, and The Pre-
frontal Cortex", Kyoto, Japan, 2008.4.1
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¢ HAI-2008 Outstanding Research Award & HE  HIL #3€,
KAk BEr] @ N OITEIEBRIC I 5 X Z IR DI EL Z
DOLEEEFE HAI2008 (Human Agent Interaction),2A-1,2008.
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VAT a Y ERBIT BRI L U TR 2 T %
BT )L, SRAIREE, Vol.15No.1,p202-215, 2008
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By o7 ATHERE SRR 477140 T, E#H, 5
AECHEEE 58,292 T+

HEMZERERR

o WY CEETED, % K& BER), EinoRAEEOH
HE TV, 120 /519, 2008

FEFEBFTE BB, R K& BBA], EIRICBED 2
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1. Toshikazu Samura, Yasuomi D. Sato, Yuji lkegaya,Hatsuo
Hayashi and Takeshi Aihara “Power-Law Scaling of Synchro-
nization Robustly Reproduced in the Hippocampal CA3 Slice
Culture Model with Small-World Topology” Lecture Notes in
Computer Science 7664, 2012.

2. Yoshinori Ide, Muneyoshi Takahashi, Johan Lauwereyns,
Minoru Tsukada and Takeshi Aihara “Integration of Hetero
Inputs to Guinea Pig Auditory Cortex Established by Fear
Conditioning” Advances in Cognitive Neurodynamics III. The
Netherlands: Springer, pp.765-772 2012.

3. Takeshi Aihara, Eriko Sugisaki, Yasuhiro Fukushima and Mi-
noru Tsukada “Influence of the Endogenous Acetylcholine on
STDP Induction” Advances in Cognitive Neurodynamics IIL.
The Amsterdam, Netherlands: Springer, pp.387-392, 2012.

4. IdeY, Takahashi M, Lauwereyns Y, Sandner G, Tsukada M and
Aihara T Fear Conditioning Induces Guinea Pig Auditory Cor-
tex Activation by Foot Shock Alone Cognitive Neurodynamics,
Vol.6, ppl-10,2012 DOI 10.1007/s11571-011-9173-x

5. Fujiwara H, Sawa K, Takahashi M, Lauwereyns J, Tsukada M,
Aihara T Context and the renewal of conditioned taste aversion:
The role of rat dorsal hippocampus examiend by electrolytic le-
sion. Cognitive Neurodynamics. Vol 6, pp.399-407, 2012

6. Yamazaki Y, Fujii S, Goto J, Sugihara T, Sugita M, Fujiwara H,
Kaneko K, Aihara T, Mikoshiba K. Suppressive effect of pre-
conditioning low-frequency stimulation on subsequent in-
duction of long-term potentiation by high frequency stimula-
tion in hippocampal CA3 neurons. Brain Research. Vol.1449,
pp15-23,2012 DOI:10.1016/j.brainres.2012.02.025

7. Yamazaki Y, Fujii S, Aihara T, Mikoshiba K. Activation of In-
ositol 1, 4, 5-trisphosphate receptors during preconditioning

low-frequency stimulation leads to reversal of long-term po-
tentiation in hippocampal CA1 neurons. Neuroscience 207,
pp.1-11, 2012 DOIL:10.1016/j.neuroscience.2012.01.045
8. Ide Y, Miyazaki T, Lauwereyns J, Sandner G, Tsukada M, Aihara
T. Optical imaging of plastic changes induced by fear condi-
tioning in the auditory cortex. Cognitive Neurodynamics.Vol 6,
Number 1, pp.1-10, 2012 DOL:10.1007/s11571-011-9173-x
9. Sugisaki E, Fukushima Y, Tsukada M, Aihara T. Cholinergic
modulation on spike timing-dependent plasticity in hippocam-
pal CA1 network. Neuroscience. Vol 192 pp.91-101, 2011
DOI:10.1016/j.neuroscience.2011.06.064
Yoneyama M, Fukushima Y, Tsukada M, Aihara T. Spatio-
temporal characteristics of synaptic EPSP summation on the

10.

dendritic trees of hippocampal CA1 pyramidal neurons as
revealed by laser uncaging stimulation. Cognitive Neurody-
namics Vol. 5, Number 4, pp.333-342, 2011 DOL 10.1007/
s11571-011-9158-9

Nishiyama M, Togashi K, Aihara T, and Hong K, GABAergic
activities control spike timing- and frequency-dependent long-

11.

term depression at hippocampal excitatory synapses. Fron-
tiers in Synaptic Neuroscience, Volume 2 (22), pp1-15, 2010
DOI: 10.3389/fnsyn.2010.00022

FRERR

<EFRH - RAZ—RER>

1. M. Kondo, T. Kitajima, S. Fujii, M. Nishiyama, T. Aihara. Loca-
tion-dependent influence of feed-forward and feed-back inhi-
bitions in hippocampal CA1 neurons: Analysis using optical
imaging method with voltage-sensitive dyes. Neuroscioence
2012 Society for Neuroscience 42th annual meeting, Oct.16,
2012, New Orleans
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12.

13.

14.

15.

Hayakawa, T. Kamijou, Y. Fukushima, H. Hayashi, E. Hida, T.
Aihara. Spatio-temporal interaction between lateral and me-
dial dendritic inputs in hippocampal granule cell. The Society
for Neuroscience, Neuroscience2012, Oct. 14, 2012, New
Orleans

T Kamijo, I Tsuda, Y Yamaguti, Y Fukushima, M Tsukada, T
Aihara. Cantor coding for a spatio-temporal input sequence
in the CA1. The Society for Neuroscience, Neuroscience2012,
Oct. 13, 2012, New Orleans

T. Samura, Y.D. Sato, Y. Ikegaya, H. Hayashi, T. Aihara. Diverse
background activities hidden in power-law spontaneous ac-
tivity of hippocampal CA3 slice culture. The 6th International
Conference on Soft Computing and Intelligent Systems and
the 13th International Symposium on Advanced Intelligent
Systems, Nov. 21, 2012, Kobe

T. Samura, Y.D. Sato, Y. Ikegaya, H. Hayashi, T. Aihara. Pow-
er-Law Scaling of Synchronization Robustly Reproduced in
the Hippocampal CA3 Slice Culture Model with Small-World
Topology. The 19th International Conference on Neural Infor-
mation Processing, Nov. 14, 2012, Doha

T. Kamijo, H. Hayakawa, A. Sashi, Y. Fukushima, E. Hida, T.
Aihara. Nonlinearity of the input integration of in the den-
tate Granule cell. The Society for Neuroscience, Neurosci-
ence2011, Nov. 15, 2011, Washington DC

H. Hayakawa, T. Kamijou, Y. Fukushima, T. Kitajima, T. Aihara.
Different information processing depending on the dendritic
locations in hippocampal granule cell. The Society for Neuro-
science, Neuroscience2011, Nov. 15, 2011, Washington DC

Y. Ide, M. Takahashi, J.M. Lauwereyns, M. Tsukada, and T.
Aihara. Activation of Guinea Pig Auditory Cortex Induced by
Foot Shock Alone after Fear Conditioning. The Society for
Neuroscience, Neuroscience2011, Nov. 15, 2011, Washington
DC

Y. Segawa, T. Aihara, Z. Feng, S. Kang, T. Kitajima. Inductive
property of the voltage-dependent CaZ2+-channels to sub-
threshold resonance. The Society for Neuroscience, Neurosci-
ence2011, Nov. 14, 2011, Washington DC

E. Sugisaki, Y. Fukushima, M. Tsukada, T. Aihara. Acetylcho-
line modulation on STDP in CA1 region of hippocampus. The
Society for Neuroscience, Neuroscience2011, Nov. 14, 2011,
Washington DC

M. Kondo, M. Tsukada, H. Sasaki, T. Aihara. Interaction of
dendritic locations on STDP of hippocampal CA1 area using
optical imaging. 8th IBRO World Congress of neuroscience,
IBRO2011, July 18, 2011, Florence

E. Sugisaki, Y. Fukushima, M. Tsukada, T. Aithara. Modulation
by acetylcholine of STDP in rat hippocampal CA1 network.
8th IBRO World Congress of Neuroscience, IBRO2011, July
18, 2011, Florence

H. Hayakawa, T. Kamijou, Y. Fukushima, T. Aihara. Location
dependency of information processing in the dendrite of hip-
pocampal granule cells. 8th IBRO World Congress of Neuro-
science, IBRO2011, July 15, 2011, Florence

T. Kamijo, H. Hayakawa, Y. Fukushima, T. Aihara. Integration
of different inputs in the rat hippocampal dentate gyrus. 8th
IBRO World Congress of Neuroscience, IBRO2011, July 15,
2011, Florence

Y. Ide, M. Takahashi, J. Lauwereyns, G. Sandner, M. Tsukada,
and T. Aihara. The Influence of Fear Conditioning on Activa-
tion of Guinea Pig Auditory Cortex in the Absence of Sound.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

8th IBRO World Congress of Neuroscience, IBRO2011, July
16, 2011, Florence

Y. Ide, M. Takahashi, J. Lauwereyns, M. Tsukada, and T. Ai-
hara. Integration of Hetero Inputs to Guinea Pig Auditory Cor-
tex Established by Fear Conditioning. The 3rd International
Conference on Cognitive Neurodynamics, ICCN2011, June 10,
2011, Niseko

M. Kondo, T. Kitajima, T. Aihara. Backpropagating action po-
tentials mediate other sites of STDP among hippocampal CA1
neuronal dendrites. The 15th annual meeting of the ASSC
satellite A joint Tamagawa University-Caltech Lecture Course,
June 7, 2011, Kyoto

T. Kamijo, H. Hayakawa, Y. Fukushima, T. Aihara. Information
processing on the dendrite in hippocampal granule cells. The
15th annual meeting of the ASSC satellite A joint Tamagawa
University-Caltech Lecture Course, June 7-8, 2011, Kyoto
M.Yoneyama, Y.Fukushima, H.Kojima, T.Aihara, M.Tsukada.
Characteristics of spatial-temporal summation of local EPSP
in hippocampal CA1 pyramidal neurons using laser uncaging
stimulation. The Society for Neuroscience, Neuroscience2010,
Nov. 17, 2010, San Diego

E. Sugisaki, Y. Fukushima, H. Hayakawa, M. Tsukada, T. Aihara.
The effect of cholinergic inputs on STDP in hippocampal CA1
network. The Society for Neuroscience, Neuroscience2010
Nov. 14, 2010, San Diego

Y.Ide, M.Tsukada, T.Aihara. Optical imaging of plastic changes
induced by fear conditioning in the auditory cortex. The Society
for Neuroscience, Neuroscience2010, Nov. 14, 2010, San Diego
M.Kondo, T. Kitajima, M. Tsukada, T. Aihara. Interaction be-
tween temporal information of dendritic inputs in hippocam-
pal CA1 neurons. The Society for Neuroscience, Neuroscience
2010, Nov. 14, 2010, San Diego

Eriko Sugisaki, Yasuhiro Fukushima, Hirofumi Hayakawa,
Minoru Tsukada, Takeshi Aihara. The effect of cholinergic
input for STDP in hippocampal CA1 pyramidal neuron. Joint
Tamagawa-Keio-Caltech Lecture Course on Neuroeconomics,
Sep. 10, 2010, Tokyo

Yoshinori Ide, Minoru Tsukada, Takeshi Aihara. Optical im-
aging of plastic changes induced by fear conditioning in the
auditory cortex. Joint Tamagawa-Keio-Caltech Lecture Course
on Neuroeconomics, Sep. 10, 2010, Tokyo

Makoto Yoneyama, Yasuhiro Fukushima, Takeshi Aihara, Mi-
noru Tsukada. The spatial-temporal characteristics of synaptic
EPSP summation on thedendritic trees of hippocampal CA1l
pyramidal neurons as revealed bylaser uncaging stimulation.
Joint Tamagawa-Keio-Caltech Lecture Course on Neuroeco-
nomics, Sep. 10, 2010, Tokyo

Masashi Kondo, Yasuhiro Fukushima, Minoru Tsukada, Take-
shi Aihara. The interaction of dendritic inputs in hippocampal
CA1 neurons. Joint Tamagawa-Caltech Lecture Course on DE-
CISION MAKING, Mar. 3-5 2010, Tokyo

Eriko Sugisaki, Yasuhiro Fukushima, Hirofumi Hayakawa, Mi-
noru Tsukada, Takeshi Aihara. The effect of colinergic inputs
for STDP induction in hippocampal CA1 pyramidal cells. Joint
Tamagawa-Caltech Lecture Course on DECISION MAKING,
Mar. 3-5 2010, Tokyo

M.Kondo, Y.Fukushima, TKitajima M.Tsukada, T.Aihara. The
analysis of interaction among dendritic inputs in Hippocam-
pal CA1 neurons. Society for neuroscience,Neuroscience2009,
Oct. 19,2009, Chicago



29.

30.

31.

M.Kondo, Y.Fukushima, M.Tukada, T.Aihara. The influence of
modulating the Back-Propergating Action-Potential on STDP
in hippocampal CA1 area. IUPS2009 39th International Con-
gress of Physiological Sciences, July. 29, 2009, Nagoya
R.Ikeda, M.Kondo, Y.Fukushima, M.Tsukada, T.Aihara. The role
of information processing along processing along a dendrite
of hippocampal CA1 neurons on the binding problem. The
Society for Neuroscience, Neuroscience2008, Nov. 15, 2008,
Washington

Y.Fukushima, S.Kiryu, M.Tsukada, T.Aihara. The effect of the
proximal dendritic input on the information processing at the
distal dendrite by means of back-propagating action potential
in the hippocampal CA1 neuron. Society for Neuroscience,
Neuroscience2008, Nov. 17, 2008, Washington
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T. Kamijo, H Hayakawa, Y Fukushima, Y Kubota, N Isomura, T.
Aihara. Supralinearity of input integration at dendritic branches
in dentate granule cells. The 22nd Annual Conference of the
Japanese Neural Network Society, Sep. 13, 2012, Nagoya.
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T. Kamijo, H Hayakawa, Y Fukushima, Y Kubota, N Isomura, T.
Aihara. Nonlinear information processing of the hippocampal
dentate gyrus. The 21st Annual Conference of the Japanese
Neural Network Society, Dec. 15, 2011, Okinawa

M. Kondo, H. Sasaki, T. Aihara Spatial dependency of inhib-
itory components in hippocampal CA1 area: analysis using
optical imaging method with voltage-sensitive dye The 21st
Annual Conference of the Japanese Neural Network Society,
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Dec. 15-17, 2011
E. Sugisaki, Y. Fukushima, H. Hayakawa, M. Tsukada, T. Aihara
Influence of acetylcholine on spike timing-dependent plasticity
in CA1 network of rat hippocampal slices Neuro2011, 2011
IR ZDF, faks Heh, SN R, SRE R MR K T
MEBAZT A XD CAL v T —=TICBITBANA T Z A
> THAFAEEAND T 2 F )L 3D VR Neuro 2011 (HBiE)
9 14-17 H,2011(KAX— P2-al8,9 H 15 H)
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ZSEIC B 2 JE PR AN I HULEE Neuro 2011 (B ) 9
H 14-17 H,2011(RA%—,P2-b08,9 H 15H)
(H. Hayakawa, T. Kamijou, Fukushima Y., Aihara T. Frequen-
cy-dependent information processing in the dendrite of hip-
pocampal granule cells Neuro2011, 2011)
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[FNC 3B % F x5 A IO EAER Neuro 2011 (Kf1x) 9 H
14-17 H,2011(RAHZ— ,P2-b17,9 H 15 H)
(T. Kamijo, H. Hayakawa, Y. Fukushima, T. Aihara Interac-
tion of different inputs in the rat hippocampal dentate gyrus
Neuro2011, 2011)
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(Y. Ide, M. Takahashi, J. Lauwereyns, M. Tsukada, and T.
Aihara Integration of Different Sensory Modalities in the Au-
ditory Cortex Established by Fear Conditioning Neuro2011,
2011)
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Tetsuya KONO, “Phenomenology of “Being Stated at” and of
Vulnerability”, Intersubjectivity Workshop: Embodiment
and Intersubjectivity. October 7th, 2012, at Tokai University,
Yoyogi Campus, Room 4413.

Tetsuya KONO, “Philosophical Education: Practice at Primary
and Secondary Schools in Japan®, September 21st, 2012, at
Chulalongkorn University, Thailand.

Tetsuya KONO, “Affordances and Extended Mind: An Eco-
logical Theory of Extended Mind”, The First Conference on
Contemporary Philosophy in East Asia, September 8, 2012, at
Academia Sinica, Taipei.

Tetsuya KONO, “Philosophy Education in Japanese Primary
and Secondary School after Tsunami and Fukushima”, the
11th International Conference on Philosophical Practice and
the 4th International Conference on Humanities Therapy.
Date: July 17 (Tue), 2012, Location: Kangwon National Uni-
versity, Chuncheon, Korea.

Tetsuya KONO, Phenomenology of Pain”, The Tenth Annual
Conference of the Nordic Society for Phenomenology, Satur-
day June 9, 2012, at the University of Oslo, Norway.

Tetsuya KONO, The disastrous lifeworld: A phenomenological
consideration on security, vulnerability, and resilience”, OPO
IV World Conference on Phenomenology: Reason and Life.
, 2011,
IE University, Campus de Santa Cruz la Real, Segovia, Spain.
Tetsuya KONO, “The Problems of Extended Mind and Ecologi-
cal Psychology”, 16th International Conference on Perception

The Responsibility of Philosophy, September 21 s t
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13.

14.

15.

16.
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18.

and Action, Saturday, July 9th, 2011, the Estalagem das Mi-
nas Gerais hotel, Ouro Preto, Brazil.

Alaric Kohler (University of Neuchatel) & Tetsuya Kono. “Think
beyond the machine paradigm: organic feature and extended
mind”, 14th Biennial Conference of the International Society
for Theoretical Psychology, Tuesday, July 1st, 2011, 12:30-
13:00, at the Faculty of Education of Aristotle University of
Thessaloniki, Greece.

Tetsuya KONO, “Biosemiotics as a New Ontology for Psychol-
ogy’, 14th Biennial Conference of the International Society
for Theoretical Psychology, Tuesday, June 28th, 2011, 12:30-
13:00, at the Faculty of Education of Aristotle University of
Thessaloniki, Greece.

Tetsuya KONO, Brain in the “Extended Mind”, The Kadota
Fund International Forum 2011 “Gaia Medicine: Aiming at
the reconnection between nature and human beings”, Orga-
nized by Japan Council for Scientific Development (JCSD),
Supported by Japan Health Foundation Kadota Fund, Feb. 12
(Saturday) 2011, at Kyoto International Conference Center
(ICC Kyoto).

Tetsuya KONO, “Culture, Wilderness, and Homelessness:
Eco-Phenomenology 2", The 4th PEACE (Phenomenology for
East Asian Circle) Conference, December 12th, 2010, at Na-
tional Sun Yat-Sen University in Kaohsiung (Taiwan).

Tetsuya KONO, Religion, Morality, and Brain”, The 5th Inter-
national Conference on Applied Ethics, November 6th, 2010,
the University of Hokkaido.

Tetsuya KONO, L'Université catholique de Louvain, l'atelier
Europe 70 ¥ = 7 + TOHEIS#HE 2 “Lapproche écolo-
gique, I'environnement humain, et le particularisme éthique.”
2010 4 3 H 23 H, Professeur Nathalie Frogneux I & % 4
Tetsuya KONO, #ifiti#ii . 7T > At SRE@SEmog L
Ecole des Hautes Etudes en Sciences Sociales ) "¢ DA
A2, 2010 4E 3 A . Conférence 1(le jeudi 18 mars 17-19h,
amphithéatre du 105 bd Raspail): La conception de l'esprit
étendu (1): La psychologie de James J. Gibson et le dévelop-
pent récent de la philosophie de l'esprit au Japon.Conférence
2 (vendredi 19 mars 17-19h, salle 7): La conception de 'es-
prit étendu (2): La sémiologie écologique.Conférence 3 (jeudi
25 mars 19-21h, salle 8): La neuroéthique: Les implications
du concept «'esprit étendu» pour I'éthique de la neuroscience.
Conférence 4 (vendredi 26 mars 17-19h, salle 7): L'esprit
étendu pour I'éthique de la technologie: Le dessin universel
ou le dessin de I'environnement pour tout le monde.

Tetsuya KONO, L'Université de Montpellier 1 T O & 1 23
“The Neuroethics and the Psychologisation of Japanese So-
ciety” 2010 4£ 3 H 11 H, 09:30-12:00. Professeur Ludovic
Marin et Benoit Bardy c & % {AR4 7.

Tetsuya KONO “How we can conceptualize social affor-
dances?”, 15th International Conference on Perception and
Action, July 13th, 2009 in University of Minnesota, Minneap-
olis, Minnesota, US.

Tetsuya KONO “Eco-Phenomenology: Body and Environment”,
The 3rd PEACE (Phenomenology for East Asian Circle) Con-
ference, September 18th, 2009, at Seoul National University,
Seoul, South Korea.

Tetsuya KONO “Personality and Morality in Merleau-Ponty’s
philosophy”, Merleau-Ponty’'s Phenomenology and the Future
of Phenomenology to celebrate the 30th anniversary of the

56

19.

20.

21.

22.

establishment of Korean Society for Phenomenology (KSP)
and the centennial of Merleau-Ponty's birth, 2008/11/29, at
Seoul National University in Seoul, South Korea.

Tetsuya KONO “Depth perception and Embodied Memory: A
Perspective from Merleau-Ponty and Ecological Psychology”,
Lecture at Seoul National University in Seoul, South Korea,
2008/11/28.

Tetsuya KONO Hyoi (possession) and morality”, Ver une
nouvelle philosophie du corps: Centenaire de la naissance de
Maurice Merleau-Ponty, 2008/11/23, Ikebukuro campus, Ri-
kkyo University.

Tetsuya KONO «La neuroéthique et la psychologisation de la
société japonaise », Autour du Corps Humain: Bioéthique com-
parée France-Japon, 2008/9/4, a Centre George Canguilhem,
Université Paris-Diderot, Paris, France.

Tetsuya KONO “Qu'y a-t-il dans le cerveau? Philosophie du
mental écologique”, Etre vers la vie ((ENDTE(E) |, Colloque a
Cerisy-la-Salle, 2008/8/26, Cerisy-la-Salle, France.
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PP, AR DEAESAEH & MBI ER] 3228 2009 4F
S PP A2 2009 4E 10 A 31 H (1),
17:00-18:00, }~ : BEHEFRFARZ =HF v > /8 A .

TR I ATER | TR E L 80E - DO nTRENE & R R D
DOEEMN S DORES ] BETERYE 52 [aK%x, 2009 4 10 H
17H, % #bERA

WL ST T L, 0 33 mITBMR & g Dwse s,
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WP, U= ay Tl U= ay S Tk e
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WFZEA) |, Bl GREURY) | b CREORYS) | i
=g (RREEAS) Pt Gk | Al =
WY, HADHEIZAZEE 7 3AIk2s, 2009 4E 8 H 28 H (%)
15:00~ 17 : 00, F~ :  AZafEky: (A F v 2 78A).
TP, 74— LI TIRE MDDV ED T 2 =27 —
a0 AT YRMT A —F L) 7—< & A
f (HC e et (¥, 200946 H 23 H (H)
AU —=Hu A Y VR T IVEHAS .

WEFET, U — 7 > a3 v TEEN T\ OfEE .
X0, U=y ay T THECORTEENZ AR Y DD,
O—F ¢ 3—4& « "l D EAEK R, ahdfi © B
AT (KBGREFIERR) . MWER GRERLTFR) |, BE
atam e DDERE R O ) duldE (BN EHEEREAD TR E K 0 |
WP GLERASCESEEZRD | 2009 F R AR
SRR LETHZY L 2009/6/14, A KRBT .

WP, B3 R Y LMEERE  THH -« ZIRFEEAD
feiati © AEERANRY b5 LOBERY & ZOBEFEICE
T BRI D OMIR] |, B3 VRI Y L TERATRE
ANDEREA T 70— T B FEE f T 1 BT O KR 1 A UL
RIS AT L2 BV IE T ——BRBE & O PER AN B 2 Be T %
iz B feb——o |, RlEEERILE A (AAaE
KEENBIRPER) | RISt ERmmE © IR (AR
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Kono, Tetsuya, and Kitano, Yasuko (Hosei Universtiy). “Re-
thinking Consciousness and Communication” ASSC 15, The
15th annual meeting of the ASSC, The University of Kyoto,
Kyoto, Japan, Saturday, June 11, 2011.
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ﬁf /? 7k E%? fJ/}: Tetsuhiko Sasaki

FRE EIKREREIFHIRR - BIERMAZER (REHRER)
(BREMESER) - BT

T—X | Y N\FOURRITEIOD FEMFHIRAZE
F—T—F:ZYNF. F=NZ2 BEGFHER IV RT1v IR

- BEHRH

' 0—/\)U COE HARA DA ZE EED

SYNFRBEDLLENTF ZHOIC, B OE)E T
DA IR TE 2 & 5 2 LI K D @ISO & h
TeHE B2 L T %, MR & B HUS R AT IC /i
LICEHEEEN TV B D, 777 LNV TORMDIRARN
fEAHACIIIEL TV BT 20 RADTIV—T1E
WINTF- D ZATINC D 2 MOMHEZ 71 LNV TS
MICT BT EZHEL, ORKICEI - THE, @3
VINFANDBULFHAEDORTE, @F / LD XF LD
fEATICH D #H < AL DL OBCRZ 1572,

ORKIC B % 851 FEB#EHT

HPREINTIE VDD B " DDHEX DF)E T =
T, XA787 LA KB MNEE PR O R 21T
W, FEAENIOFEICE T 2 AT L LT, slit
homolog 1, Major Royal Jelly Protein 1 #{z ¥ (mrjp1) ,
Major Royal Jelly Protein 7 JE{x ¥ (mrjp7) 7% & 2 [FlE
L 7z (Hojo et al. 2009), XW\T, iS5 5E & PCR{EIC
XD, INSDOEETFFEN IV INFDOFEEFE) ) DFEE
DINE—2 e XL~ T 5 &Zz/RLTc (Kagami et al.
2010; Hojo et al. 2010), 7z, R—=RI YV F TV AHR—
X—DFBEMN S I VNF T EMFLE & FERIC F—
NIV Z a—a Y OEEMER L)L TOFTEIEEICK
ELWBT BT xR LTz (Nomura et al., 2009),
@IV NF DB EAEDHFE

2006 fFEIC 2 YNF DT/ LG S N TLIFRE, S
INF- DAY ZNR GRS HEE L DDH 5
M. AR TFRERERHT DA R 75 F1E T H 2 AR EH AR
E RIS N TR, 22T £ < ORH#Hl
ANDBIEFBANT Z—L LTHHAEN TV AN \Fan
T ANWANY Z—T IV INFADOBE T ANIJEH T E
S EREt U, IR G EDRO D OMBRICFIHTZ %
ZeZzmRULTz (Ikedaetal 2011),
@IYNFOIEY 2T 14V T A

AR, WHFLBTIEERIZ RIS DNA O X F)bfEe e A
FOBHMiIZREDOTIEY 2 2T 1 v VIRE G R
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NG LTV T EMHSICENDODH S, —J7, HE
HEBHI 0D DNA X F )UALDEYI A EFIC OV TR, 1
EREHIBEN TV, AW I YNFDOT / L ER
& LU TIEBININC A F AL DERiZZ T % C LiciEH
L. £9. k23780 1 DTH% Hex110 7% I1—
R4 28Un 7D AF IS 2=V = fiffi L. AF)IUEE
N5 CC YA MIELETONE. Ry Y VIT(FHET
%C &% Uiz (Ikeda et al, 2011), TOREIEZE, I
VINFORPEDBIZ FICE H LT AF )bz SHIC fihT
LEBRVIDBITH S, RNT, 2 YINFICEIT % DNA
AF RS ) LT A RIS 578, KR —2
IUAZIH UIEEBRICET Lice SYNFDT/ LY
A R1F#J 260 Mbp TH#J 900 /3D CGC ¥+ b zEds, T
NETONINSE, ThEDCCHA DI B, AF)L
L8232 % DI 10 HY A FTh b &ZHMNIC
L7z,

5 0—/\)U COE iR THDHZEFE

EHd DNA AF)Utid. RENZETNVEYTH S
2avdavunNIOT ) LW AFIVEENIEN D, T
NETELEALMEINTEST., IYNFRIEY
IT 4w T ADFH LIS E L THEHE NS, Xl
R —r v A ZISH U2/ T A Rig AF )k
DffFT 772 EHICHBETE, IVYNFOREEKROTY
VT 4w TR Z IS I LTz,
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L) O FERENCBT 20 FAYAIIIZE 2008 -5
FH OREZEE A I 2V 3F Apis mellifera I
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DR IES
R

1.

10.

(RFIERX - FiTEE)

Furukawa S., Tanaka K., Ikeda T., Fukatsu T. and Sasaki T
(2012, Nov.) Quantitative analysis of the lytic cycle of WO
phages infecting Wolbachia.Applied Entomol. Zool. 47, 449-
456

Ikeda T., Furukawa S., Nakamura J., Sasaki M. and Sasaki T.
(2011, Aug) CpG methylation in the hexamerin 110 gene in
the European honeybee Apis mellifera L. J. Insect Science 11,
Article 74

Ikeda T., Nakamura J., Furukawa S., Chantawannakul P., Sasaki
M. and Sasaki T. (2011 Aug) Transduction of baculovirus
vectors to queen honeybees, Apis mellifera L. Apidologie 42,
461-471.

Kagami T., Furukawa S., Ikeda T., Hojo M., Nakamura J., Sasaki
M and Sasaki T. (2011
1 and major royal jelly protein 7 genes in the brain of the

Feb.) Expression of slit homolog

European honeybee, Apis mellifera L. Tamagawa University
Research Review 16, 11-18.

Hojo M., Kagami T., Nomura S., Kubo Y., Nakamura J., Sasaki M.
and Sasaki T. (2010 Fub) Influence of social stimuli depriva-
tion on gene expression in brain of the honeybee, Apis mellif-
era L. Tamagawa University Research Review 15, 31-38

Hojo M., Kagami T., Sasaki T., Nakamura J. and Sasaki M. (2010
Jan) Reduced expression of major royal jelly protein 1 gene
in the mushroom bodies of worker honeybees with reduced
learning ability. Apidology, 41, 194-202.

Hasegawa M., Asanuma S., Fujiyuki T., Kiya T., Sasaki T.,
Endo D., Morioka M. and Kubo T. (2009 Oct)Differential gene
expression in the mandibular glands of queen and worker
honeybees, Apis mellifera L., Implication for caste-selective
aldehyde and fatty acid metabolism. Insect Biochemistry and
Molecular Biology 39, 661-667

Tanaka K., Furukawa S., Nikoh N., Sasaki T. and Fukatsu T.
(2009 Sep) Complete WO phage sequence revealed putative
functional elements required for integration into Wolbachia
genome. Appl. Environmental. Microbiology. 75 5676-86.
Nomura S., Takahashi J., Sasaki T, Yoshida T. and Sasaki M.
(2009 Aug) Expression of the dopamine transporter in the
brain of the honeybee, Apis mellifera L. (Hymenoptera:Apidae).
Appl. Entomol. Zool. 44, 403-411

Furukawa S., Tanaka K., Fukatsu T. and Sasaki T. (2008 Nov)
In vitro infection of Wolbachia in insect cell lines. Appl. Ento-
mol. Zool. 43(4), 519-525.
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Sakamoto H., Suzuki M. and Sasaki T. (2012) DNA methylation
during the caste determination in the European honeybees,
Apis mellifera. The 24th International Congress of Entomol-
ogy (Aug. 19-25, Daegu, Korea)

Miyamoto A., Nakazato Y, Kawaguchi A., Toyoshima C., Sasaki
T. and Kojima H. (2009) Analysis of synaptic transmission me-
diated by AMPAR channel with TARP( y 7). 36" International
Congress of Physiological Sciences (Jul. 27 - Aug. 1, Kyoto
Intertational Conference Center, Kyoto).

Nakazato Y., Toujoh S., Miyamoto A, Sasaki T. and Kojima H.
(2009) A physiological and Molecular Biological Study of Rat

Cerebellar Long-term Depression. Biophysical Society 53rd
Annual Meeting of USA (Feb. 28 - Mar. 4, Boston Convention
and Exhibition Center, Boston)

Kohjiro Tanaka', Seiichi Furukawa®, Tetsuhiko Sasaki®, and
Takema Fukatsu' (2008) Complete bacteriophage WO se-
quences revealed putative functional elements required for in-
tegration into Wolbachia genome.5" International Wolbachia
conference, June 9-14, Crete, Greece
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SRR, BARSERE, (e APE (2013) Mo I I VINT
DH—ANNTBT BT ) LAF AL BASTEY)
B2 57 Mk 3 H 27 H~29 0 (£ 29 H), AA
K2E, HERT)

GHFEL B, R ARTE, SAREM (2012) THA3IUIY
INF D Jj— A MPGEMIC F51 % DNA A F)ULOfENT | FAIS
FHENP R I 2R 56 Mk (3 H 27 H~29 H (£ 28 H).
KA REN)

dE . HFPERERER, SRS, A AR (2011) Rb
INFTWOT 7 — Y OIRHETGEOBHRERH) HA S B R R
OS5I (BH27-29H, JUNKEE. &)
G2 KNPEE. N EmZE, wimeg, ke RkEE
(2011)&+ 37 2V 3FApis mellifera 1< 351F 2 DNA X F L1k
O, HAGHEMR R Y2855 ks (3H27~29H.
JUNKZE, @)

MR, SHE—. PR R A AREEZ(2010) AT I Y
INFHex1 1015 7D A F IV LD, AAISHEI R R
F54A K% (3H26~28MH., THEAE, THEH)

dilEk—. W, a2 RED, E2 AP Z (2010) 13 Y
S YNFOAMPAZARY 7=y MBI TOHEE HASH
R HEAE AN RS (3H26~281H, THEAR, FEEd)
FHHSERER, o 1A — 3k 58 A 2 AT 2 ikl (2009)
FIVNFTIBRT BT TV T 7=V DT ) Wit H
AN BN R R 53 Bk (3 H 28 H~ 30 H. Jtifi
AR, AL

) 1A PR B, i 75 2, GRS A 2 REZ (2009)
FIVNFET WO 7 7 — ki 1Ot ARG HEN R RS
H5 53 MAE (3 28 H~ 30 H. Itk L)
IRl AL, ek EE, fiAARIES (2009) 1
37 2 WINF (Apis mellifera L) D#EHEENICH G T %85
FOHRE. HAICHBPR L 28 53 Bk (3 H 28 H~
30 H, dtigEAE, ALiR)
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MRS 2 7L A A ) D— BTy VRV Y
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Sasaki Tetsuhiko and Sasaki Masami (2008) How does the
learning capability develop in social system of the honeybee?
Tamagawa Caltech Joint workshop“Neural Mechanisms of Social
Mind”. Tamagawa University, Machida,Tokyo,Japan Dec. 6 — 8.
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2006 (4 H)~2009 (3 A) 'Modifying Mosquito Population
Age Structure to Eliminate Dengue Transmission JENIH (2K[F)
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press) Involvement of the globus pallidus in behavioral goal
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HOSEE], FEAHEL (2013) /M4 Clinical Neuroscience 13:
80-82

Yamagata, T., Nakayama, Y., Tanji, J., Hoshi, E. (2012) Distinct
information representation and processing for goal-directed

behavior in the dorsolateral and ventrolateral prefrontal cor-
tex and the dorsal premotor cortex. J. Neurosci. 32:12934-
12949
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Okihide Hikosaka

AFFILIATION: E)IIKZEMEIFHZERT - FEHIE. N | HEEHAEKE
RESEARCH THEME:Neural mechanisms of decision making and emotion
RESEARCH KEYWORDS: basal ganglia, eye movement, value, dopamine, habenula

PROJECT REPORT RELATED TO

GLOBAL COE PROGRAM

The goal of our research is to understand the neuronal
mechanisms of voluntary behavior. Our research proj-
ect related to Global COE is focused on the functions of
the basal ganglia which are thought to be involved in
the control of voluntary behavior. Indeed, dysfunctions
of the basal ganglia lead to various kinds of behavioral
disorders which affect body movements, motivation,
emotion, cognitive functions, goal-directed behavior,
skill, and/or habit. We also study other brain areas
that are connected with the basal ganglia: the cerebral
cortical areas which provide the basal ganglia with
sensorimotor-emotional signals, neuromodulatory sys-
tems (e.g., dopamine, serotonin) which may modulate
the sensorimotor-emotional signals in the basal gan-
glia, limbic systems (e.g., habenula) which may guide
the neuromodulatory systems. We addressed these
questions using behavioral, electrophysiological, and
pharmacological methods. Specifically, we have shown
that neural circuits in the basal ganglia play important
roles in the control of saccadic eye movements based
on short-term and long-term value-based learning and
that these functions are supported by the inputs to the
basal ganglia from the medial frontal cortex, the lateral
habenula, dorsal raphe, ventral pallidum, septum, and

other subcortical structures.

ACHIEVEMENTS RELATED TO

CONTRIBUTION TO THE GCOE AND
TAMAGAWA UNIVERSITY COLLABORATION
Our project is indirectly but fundamentally related to
the goal of the GCOE program which is “Origin of the
Social Mind.” A key to understanding the human mind
is to know how we value things (e.g., objects, events,
other individuals) and know how the brain works for
the valuation. Our studies have been aimed at this goal.
The strength of our research is that we can monitor
electrical signals of single neurons while the subject
(macaque monkey) is performing a variety of behavioral
tasks while judging the values of objects and events.
We found that neurons in different brain areas encode
values in different manners and guide behavior in dif-
ferent contexts, strongly suggesting the parallel control
of value-based behavior.

FUTURE WORK OF

RESEARCH COLLABORATION

AFTER THE TERMINATION OF GCOE

We are willing to continue the existing collaborations
and possibly new collaborations with researchers who
participated in the GCOE program. Our research so far
has been limited to macaque monkeys and is short of
reaching the goal of understanding the human brain
function. We should emphasize, however, that our be-
havioral tasks described above are directly applicable
to human subjects. This means that the precise neural
mechanisms we have discovered in macaque mon-
keys can be tested for human subjects by utilizing hu-

man-oriented experimental methods.

GLOBAL COE PROGRAM
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and switching, Netherlands Institute for Neuroscience (NIN)
conference, Amsterdam, Netherlands, Dec. 9-12, 2008

33.

34.

35.

36.

37.

38.

39.

Global COE Program
ain Science Institute
ama iversity

Role of the Primate Lateral Habenula in Negative Motivational
Control of Oculomotor Behavior, Symposium: “Habenula -
Crossroad between the Basal Ganglia and the Limbic System”,
Society for Neuroscience Annual Meeting, Washington DC,
USA, Nov. 19, 2008.

Basal ganglia mechanisms of reward-based and instruc-
tion-based decision-making, University of Texas, Austin, Oct. 6,
2008

Reward-based control of eye movements by the basal ganglia
and surrounding structures, National Institute on Drug Abuse
(NIDA), Sep. 23, 2008

Motivational and cognitive control of behavior by the basal
ganglia, Workshop on Mechanism of Brain and Mind, Sap-
poro, Japan, Aug. 10, 2008

Neural mechanisms of reward-based and instruction-based
decision-making, Columbia University, Jun. 19, 2008
Integration of cognition and motivation in the basal ganglia
and surrounding structures, Albert Einstein College of Medi-
cine of Yeshiva University, Apr. 23, 2008

Neural mechanisms of reward-oriented behavior: Beyond do-
pamine neurons,Harvard University,Feb.5, 2008

Awards

Member, American Academy of Arts & Sciences, 2011
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Wolfram Schultz

AFFILIATION: EJI|RZE MBI F TSR - ZEHIER.
7)Yy IREFY—FIVAL YD - HiIR
RESEARCH THEME:Systems and Computational Neuroscience, Cognitive and
Behavioral Neuroscience
RESEARCH KEYWORDS: reward, value, uncertainty, action, neural circuit, dopamine,
frontal cortex, human, monkey, striatum

PROJECT REPORT RELATED TO

GLOBAL COE PROGRAM

1. Adaptation of reward sensitivity in orbitofrontal neu-
rons

Shunsuke Kobayashi, Ofelia Pinto de Carvalho, Wolfram
Schultz , J Neurosci 30: 534-544, 2010.

Animals depend on a large variety of rewards but their
brains have a limited dynamic coding range. When re-
wards are uncertain, neuronal coding needs to cover a
wide range of possible rewards. However, when reward
is likely to occur within a specific range, focusing the
sensitivity on the predicted range would optimize the
discrimination of small reward differences. One way
to overcome the trade-off between wide coverage and
optimal discrimination is to adapt reward sensitivity dy-
namically to the available rewards. We investigated how
changes in reward distribution influenced the coding of
reward in the orbitofrontal cortex. Animals performed
an oculomotor task in which a fixation cue predicted the
statistical distribution of possible juice volumes, while
keeping the expected mean volume constant. A subse-
quent cue specified the exact juice volume obtained for
a correct saccade response. Population responses of
orbitofrontal neurons that reflected the predicted juice
volume showed adaptation to the reward distribution.
Statistical tests on individual responses revealed that a
quarter of value-coding neurons shifted the reward sen-
sitivity slope significantly between two reward distribu-
tions, whereas the remaining neurons showed insignifi-
cant change or lack of adaptation. Adaptations became
more prominent when reward distributions changed
less frequently, indicating time constraints for assessing
reward distributions and adjusting neuronal sensitivity.
The observed neuronal adaptation would optimize dis-
crimination and contribute to the efficient coding of a

large variety of potential rewards by neurons with lim-
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ited dynamic range.

2. Responses of amygdala neurons to positive reward
predicting stimuli depend on background reward (contin-
gency) rather than stimulus-reward pairing (contiguity)
Maria A. Bermudez and Wolfram Schultz, J Neurophys-
iol: 103: 3: 1158-1170: MAR 2010

Prediction about outcomes constitutes a basic mecha-
nism underlying informed economic decision making.
A stimulus constitutes a reward predictor when it
provides more information about the reward than the
environmental background. Reward prediction can be
manipulated in two ways, by varying the reward paired
with the stimulus, as done traditionally in neurophysio-
logical studies, and by varying the background reward
while holding stimulus-reward pairing constant. Neu-
ronal mechanisms involved in reward prediction should
also be sensitive to changes in background reward in-
dependently of stimulus-reward pairing. We tested this
assumption on a major brain structure involved in re-
ward processing, the central and basolateral amygdala.
In a 2x2 design we examined the influence of rewarded
and unrewarded backgrounds on neuronal responses
to rewarded and unrewarded visual stimuli. Indeed,
responses to the unchanged rewarded stimulus de-
pended crucially on background reward in a population
of amygdala neurons. Elevating background reward to
the level of the rewarded stimulus extinguished these
responses, and lowering background reward again
reinstated the responses, without changes in stimu-
lus-reward pairing. None of these neurons responded
specifically to an inhibitory stimulus predicting less re-
ward compared to background (negative contingency).

A smaller group of amygdala neurons maintained



stimulus responses irrespective of background reward,
possibly reflecting stimulus-reward pairing or visual
sensory processes without reward prediction. Thus, in
being sensitive to background reward, the responses
of a population of amygdala neurons to phasic stimuli
appeared to follow the full criteria for excitatory reward
prediction (positive contingency) rather than reflecting

simple stimulus-reward pairing (contiguity).

3. Coding of reward risk and value by distinct neurons
in the orbitofrontal cortex

Martin O'Neill, Wolfram Schultz, NEURON: 68: 4: 789-
800 NOV 18 2010

Risky decision-making is altered in humans and animals
with damage to the orbitofrontal cortex. However, the
function of the intact orbitofrontal cortex in processing
information relevant for risky decisions is unknown.
We recorded responses of single orbitofrontal neurons
while monkeys were presented with cues representing
the key decision parameters, reward risk and value.
Risk was defined as variance of binary symmetric
probability distributions. Monkeys displayed graded
behavioral preferences for risky outcomes. Reward-re-
lated responses in orbitofrontal neurons to the task
events predominantly covaried with either variance or
expected value, but not both. Moreover, a sub-popula-
tion of neurons responded after the risky outcome was
revealed, some of them signaling the unsigned discrep-
ancy between experienced and predicted risk (absolute
risk prediction error). These results show that neurons
in the orbitofrontal cortex carry a risk signal that is
distinct from value coding. These neurons appear to
encode the first two moments of reward probability dis-

tributions, expected value and variance.

4. Dopamine signals for reward value and risk: basic
and recent data

Wolfram Schultz, review Behavioral and Brain Functions
2010, 6:24

Background: Previous lesion, electrical self-stimulation
and drug addiction studies suggest that the midbrain
dopamine systems are parts of the reward system of the
brain. This review provides an updated overview about
the basic signals of dopamine neurons to environmental

stimuli.

Global COE Program
Brain Science Institute
Tamagawa University

Methods: The described experiments used standard be-
havioral and neurophysiological methods to record the
activity of single dopamine neurons in awake monkeys
during specific behavioral tasks.

Results: Dopamine neurons show phasic activations to
external stimuli. The signal reflects reward, physical
salience, risk and punishment, in descending order of
fractions of responding neurons. Expected reward value
is a key decision variable for economic choices. The
reward response codes reward value, probability and
their summed product, expected value. The neurons
code reward value as it differs from prediction, thus ful-
filling the basic requirement for a bidirectional predic-
tion error teaching signal postulated by learning theory.
This response is scaled in units of standard deviation.
By contrast, relatively few dopamine neurons show the
phasic activation following punishers and conditioned
aversive stimuli, suggesting a lack of relationship of the
reward response to general attention and arousal. Large
proportions of dopamine neurons are also activated
by intense, physically salient stimuli. This response is
enhanced when the stimuli are novel; it appears to be
distinct from the reward value signal. Dopamine neu-
rons show also unspecific activations to non-rewarding
stimuli that are possibly due to generalization by simi-
lar stimuli and pseudoconditioning by primary rewards.
These activations are shorter than reward responses
and are often followed by depression of activity. A sep-
arate, slower dopamine signal informs about risk, an-
other important decision variable. The prediction error
response occurs only with reward; it is scaled by the
risk of predicted reward.

Conclusions: Neurophysiological studies reveal phasic
dopamine signals that transmit information related
predominantly but not exclusively to reward. Although
not being entirely homogeneous, the dopamine signal is
morerestricted and stereotyped than neuronal activity
in most other brain structures involved in goal directed

behavior.

5. Neural mechanisms of observational learning
Christopher J. Burke, Philippe N. Tobler, Michelle Bad-
deley and Wolfram Schultz,

PNAS, August 10, 2010, vol. 107, no. 32, 14431-
14436
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Individuals can learn by interacting with the environ-
ment and experiencing a difference between predicted
and obtained outcomes (prediction error). However,
many species also learn by observing the actions and
outcomes of others. In contrast to individual learning,
observational learning cannot be based on directly ex-
perienced outcome prediction errors. Accordingly, the
behavioral and neural mechanisms of learning through
observation remain elusive. Here we propose that hu-
man observational learning can be explained by two
previously uncharacterized forms of prediction error,
observational action prediction errors (the actual mi-
nus the predicted choice of others) and observational
outcome prediction errors (the actual minus predicted
outcome received by others). In a functional MRI exper-
iment, we found that brain activity in the dorsolateral
prefrontal cortex and the ventromedial prefrontal cor-
tex respectively corresponded

to these two distinct observational learning signals.

6. Subjective neuronal coding of reward: temporal value
discounting and risk

Wolfram Schultz, European Journal of Neuroscience,
Vol. 31, pp. 2124-2135, 2010

A key question in the neurobiology of reward relates to
the nature of coding. Rewards are objects that are ad-
vantageous or necessary for the survival of individuals
in a variety of environmental situations. Thus reward
appears to depend on the individual and its environ-
ment. The question arises whether neuronal systems in
humans and monkeys code reward in subjective terms,
objective terms or both. The present review addresses
this issue by dealing with two important reward pro-
cesses, namely the individual discounting of reward
value across temporal delays, and the processing of
information about risky rewards that depends on indi-
vidual risk attitudes. The subjective value of rewards
decreases with the temporal distance to the reward. In
experiments using neurophysiology and brain imag-
ing, dopamine neurons and striatal systems discount
reward value across temporal delays of a few seconds,
despite unchanged objective reward value, suggesting
subjective value coding. The subjective values of risky
outcomes depend on the risk attitude of individual deci-

sion makers; these values decrease for risk-avoiders and
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increase for risk-seekers. The signal for risk and the sig-
nal for the value of risky reward covary with individual
risk attitudes in regions of the human prefrontal cortex,
suggesting subjective rather than objective coding of
risk and risky value. These data demonstrate that im-
portant parameters of reward are coded in a subjective
manner in key reward structures of the brain. However,
these data do not rule out that other neurons or brain
structures may code reward according to its objective

value and risk.

7. Reward Magnitude Coding in Primate Amygdala Neu-
rons

Maria A. Bermudez and Wolfram Schultz, JN Physiol
December 1, 2010 vol. 104 no. 6 3424-3432

Animals assess the values of rewards to learn and
choose the best possible outcomes. We studied how
single neurons in the primate amygdala coded reward
magnitude, an important variable determining the
value of rewards. A single, Pavlovian-conditioned visual
stimulus predicted fruit juice to be delivered with one
of three equiprobable volumes (P = 1/3). A population
of amygdala neurons showed increased activity after
reward delivery, and almost one half of these responses
covaried with reward magnitude in a monotonically
increasing or decreasing fashion. A subset of the re-
ward responding neurons were tested with two differ-
ent probability distributions of reward magnitude; the
reward responses in almost one half of them adapted
to the predicted distribution and thus showed refer-
ence-dependent coding. These data suggest parametric
reward value coding in the amygdala as a characteristic
component of its function in reinforcement learning

and economic decision making.



ACHIEVEMENTS RELATED TO
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Articles (peer reviewed)

1.

10.

11.

12.

13.

14.

15.

16.

17.

Global COE Program
titute

Schultz W. Updating of dopamine reward signals. Curr Op
Neurobiol 23: 229-238, 2013

Grabenhorst F, Hernadi I, Schultz W. Prediction of economic
choice by primate amygdala neurons. Proc Natl Acad Sci (USA)
109: 18950-18955, 2012

Bermudez M, Schultz W. Sensitivity to temporal reward struc-
ture in amygdala neurons. Curr Biol 22: 1839-1844, 2012
Ariansen JL, Heien MLAV, Hermans A, Phillips PEM, Hernadi [,
Bermudez MA, Schultz W, Wightman RM. Monitoring extracel-
lular pH, oxygen, and dopamine during reward delivery in the
striatum of primates. Front Behav Neurosci 6: 36, 1-10, 2012
Schultz W. Potential vulnerabilities of neuronal reward, risk,
and decision mechanisms to addictive drugs. Neuron 69: 603-
617, 2011. (highlighted in Featured Topic on Decision Mak-
ing in Neuron, September 201 1) w/o referee

Miyapuram KP, Tobler PN, Gregorios-Pippas, L, Schultz W.
BOLD responses in reward regions to hypthetical and imagi-
nary monetary rewards. Neurolmage 59: 1692-1699, 2011.
w/referee

Hare TA, Schultz W, Camerer CF, O'Doherty JP, Rangel A.
Transformation of stimulus value signals into motor com-
mands during simple choice. Proc Natl Acad Sci (USA) 108:
18120-18125, 201 1. w/referee

Schultz W, O'Neill M, Tobler PN, Kobayashi S. Neuronal sig-
nals for reward risk in frontal cortex. NY Acad Sci 1239: 109-
117, 2011. w/o referee

Schultz Wolfram Dopamine signals for reward value and
risk: basic and recent data, Behavioural and brain functions :
BBF, 2010, 6, 24

Burke Christopher J, Tobler Philippe N, Schultz Wolfram, Bad-
deley Michelle, Striatal BOLD Response Reflects the Impact of
Herd Information on Financial Decisions., Frontiers in human
neuroscience, 2010, 4, 48

Schultz Wolfram, Subjective neuronal coding of reward: tem-
poral value discounting and risk., The European journal of
neuroscience, 2010, 31(12), 2124 - 35

Nomoto Kensaku, Schultz Wolfram, Watanabe Takeo, Sakag-
ami Masamichi, Temporally extended dopamine responses
to perceptually demanding reward-predictive stimuli., The
Journal of neuroscience : the official journal of the Society for
Neuroscience, 2010, 30(32), 10692 - 702

Kobayashi Shunsuke, Schultz Wolfram, Sakagami Masamichi,
Operant conditioning of primate prefrontal neurons., Journal
of neurophysiology, 2010, 103(4), 1843 - 55

Bermudez Maria A, Schultz Wolfram, Reward magnitude cod-
ing in primate amygdala neurons., Journal of neurophysiol-
ogy, 2010, 104(6), 3424 - 32

Schultz W. Multiple functions of dopamine neurons. F1000
Biology Reports 2010, 2:2 (doi:10.3410/B2-2) (http://F1000.
com/Reports/B/2/2)

Bermudez MA, Schultz W (2010) Responses of amygdala
neurons to positive reward predicting stimuli depend on
background reward (contingency) rather than stimulus-re-
ward pairing (contiguity). J Neurophysiol Epub ahead of print
(doi:10.1152/jn.00933.2009).

Kobayashi S, Pinto de Carvalho O, Schultz W. Adaptation of

18.

19.

20.

21.

22.

23.

24.

25.

reward sensitivity in orbitofrontal neurons. J Neurosci 30:
534-544, 2010.

Christopoulos GI, Tobler PN, Bossaerts P, Dolan RJ, Schultz W.
Neural correlates of value, risk, and risk aversion contributing to
decision making under risk. J Neurosci. 29: 12574-12583, 2009.
Tobler, PN., Christopoulos, G.I, O'Doherty, J.P., Dolan, R.J. and
Schultz, W.: Risk-dependent reward value signal in human
prefrontal cortex. Proc. Natl. Acad. Sci. (USA) 106: 7185-
7190, 2009.

Gregorios-Pippas L, Tobler PN, Schultz W. Short term tempo-
ral discounting of reward value in human ventral striatum. J
Neurophysiol 101: 1507-1523, 2009.

Tobler PN, Christopoulos GI, O'Doherty JO, Dolan RJ, Schultz
W. Neuronal distortions of reward probability without choice.
J Neurosci 28: 11703-11711, 2008.

Schultz W, Preuschoff K, Camerer C, Hsu M, Fiorillo CD, To-
bler PN, Bossaerts P. Explicit neural signals reflecting reward
uncertainty. Phil Trans RoySoc B 363: 3801-3811, 2008.
Fiorillo CD, Newsome WT, Schultz W. The temporal precision
of reward prediction in dopamine neurons. Nat Neurosci 11:
966-973, 2008.

Kobayashi S & Schultz W, Influence of reward delays on re-
sponses of dopamine neurons, J Neurosci, 2008, 28, 7837 -
7846

Hare T., O'Doherty J., Camerer C., Schultz W., and Rangel A.,
Dissociating the role of the orbitofrontal cortex and the stria-
tum in the computation of goal values and prediction errors,
Journal of Neuroscience, 2008, 28(22), 5623 - 5630

Books and other publications

1.

Schultz W.
Encyclopedia of Neuroscience (LR Squire, Editor). Oxford: Ac-
ademic Press, 2009.

Dopamine neurons, reward and uncertainty.

Invited lectures
2013
Mar : Joint Tamagawa-Caltech Lecture course on reward and

Feb :

Feb

Feb :
Jan :
Jan :

decision, Kona, Hawaii

Otsuka Dopamine Partial Agonist Meeting Tokyo (keynote)
: Department of Experimental Psychology, Bristol

London School of Economics

MSc course lecture, University College London

Cognitive Neuropsychology Symposium, Bressanone, Italy
(key note)

2012 Nov : Principal Investigator Meeting, Wellcome Trust, Lon-

don

Nov :
Nov
Oct :
Oct :

Oct

Sep

Sep :
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Dept Neuroscience, University of Geneva
: Dept Neuroscience, Kings College London
Cambridge University Behavioral Economics Society
Dept Economics, Univ. Zurich
: Fourth Meeting, Mediterranean Neuroscience Society,
Istanbul (plenary)
* Annual Neuroscience Meeting, University of Southampton,
UK (plenary)
Annual Meeting, German Natural Science Association
(Gesellschaft Deutscher Naturforscher und Arzte),
Gottingen (plenary)



Global COE Program
Brai e Institute
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Sep : Xth International Catecholamine Symposium, Asilomar,
CA (plenary)

Sep : Workshop on Huntington's Disease, New York

Sep : Symposium on Habits, Columbia University, New York

Aug : Methods in Computational Neuroscience course, Woods
Hole, MA

Aug : Neuroscience School of Advanced Studies, San Quirico d’
Orcia, Siena, Italy

Jun  Annual Meeting, International Neuropsychology Symposium,
Bonifacio, France

Jun © Annual Meeting, Research Society on Alcoholism, San Francisco

(plenary)

Neuroscience Program, University of Wisconsin-Madison

(Woolsey Lecture 2012)

Apr @ Andersen Laboratory, Division of Neuroscience, Caltech,

May :

Pasadena

Mar : Dept Neuroscience, Princeton University

Mar : Dept Neuroscience, Jiilich Research Center, Germany

Feb : Dept Neurology, Univ. Bonn, Germany

2011

Nov : Eli Lilly Conference, Université de Montreal

Nov : Workshop on Learning and Plasticity, Marseille, France

Nov : Annual Meeting, Society for Neuroscience, Washington, DC

Oct : International Meeting, Hertie Institute, Ttibingen, Germany

Oct : Annual European Network for Hyperkinetic Disorders

(Eunethydis) Meeting, Budapest

Aug : Methods in Computational Neuroscience course, Woods
Hole, MA

Aug : EMBO Science and Society summer school, Heidelberg

Jul @ Mars Lecture, Annual Meeting, Society for the Study of

Ingestive Behavior, Clearwater, FL

Jun © Symposium on Impulsive and Compulsive Disorders,
Behavioural and Clinical Neuroscience Institute (BCNI),
Cambridge

Apr : McDonnell Network Meeting, Caltech, Pasadena, CA

Apr : Critical Contributions of the Orbitofrontal Cortex to
Behavior, New York Academy of Sciences, New York

Mar : NSERM Liliane Bettancourt School MD-PhD symposium,Paris

Feb : MSc course lecture, University College London

2010

Nov : School of Biological and Chemical Sciences, Queen
Mary’s University, London

Nov : Brain Mind Institute, Federal Polytechnic University
Lausanne, Switzerland

Nov : Conference on Lifelong Imaging, University of Tiibingen,
Germany

Oct * Society for Neuroeconomics, Annual Meeting, Evanston,
IL, USA

Oct : Department of Neuroscience, Colmbia University, New York

(Kavli Presidential Lecture)

Oct : Meeting on Role of Dopamine in Long Term Potentiation
and Learning, Brandeis University, Boston

Sep : Japan Science Council, Tokyo

Sep : Tamagawa-Keio-Caltech Lecture Course on Neuoeconomics,
Tokyo

Sep : Department of Psychiatry, University of Kyoto, Japan

Jul : Federation of European Neuroscience Societies (FENS)
Forum 2010, Amsterdam

Jun * 16th Annual Human Brain Mapping Conference, Barcelona,Spain

Jun © Conference on Security and Human Behaviour, Cambridge, UK

May : Lester Laboratory, Division of Neuroscience, Caltech, Pasadena
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Apr : Mexican Neuroscience Symposium, Mexico DF
Mar : Institute of Neuroscience, University of Newcastle, UK
Feb @ Symposium on Attention Deficit Hyperactivity Disorder
(ADHD), Oslo, Norway
2009
Dec : Christmas Meeting of the British Neuroscience Association
(BNA), London
Nov : Department of Psychology, University of Hertfordshire,
Hatfield, UK
Nov : 1st von Behring-Roentgen Symposium on Neuroransmission,
Marburg, Germany
Oct : Workshop on Emotion, Ellison Medical Foundation,
New York City
Oct : Dept Psychology & Program in Neuroscience, Ohio State
Univ, Bowling Green, OH
Oct : Department of Psychology, University of Michigan, Ann
Arbor, MI
Sep : Irish Neuroscience Meeting, Dublin (plenary lecture)
Jun : Symposium on Reinforcement Learning, McGill University,
Montreal
Jun ! International Neuropsychology Symposium, Dubrovnik,
Croatia
May : Conference on Cognitive and Neural Systems (plenary lecture),
Boston University
: UC Berkeley Graduate Program
* Roger Brown Louks Lecture, Dept Psychology, University
of Washington, Seattle
: Center for Integrative Neuroscience, University of Washington,
Seattle
: Distinguished Neuroscientist Seminar, Institute for
Neuroscience, Univ Texas Austin
Mar : Functional Imaging Laboratory, University College London
Jan : Postprandial Talk, Churchill College, Cambridge
Jan : Department of Neurobiology, University of Bremen, Germany
2008
Oct : Neurocolloquium Ttibingen, Germany
Oct : Neuron-Ipsen Conference on Cognitive Functions, Mont
Royal, France
Sep : Barcelona Cognition, Brain and Technology Summer School
May : Royal Netherlands Academy of Arts and Sciences:
Annual Cognition Lecture, Amsterdam
Mar : Moore Retreat of California Institute of Technology,
Huntington Beach, CA

Awards
e 2010 European Journal of Neuroscience Award of the Fed-
eration of European Neuroscience Societies (EJN FENS Award)
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1. Koyama S, Midorikawa A, Suzuki A, Hibino H, Sugimoto A,
Futamura A, Kawamura M. Selective impairment of race per-
ception following bilateral damege in the fusiform and par-
ahippocampal gyri. Neurology and Clinical Neuroscience 1:

96-102, 2013.

2. Murakami H, Fujita K, Futamura A, Sugimoto A, Kobayakawa
M, Kezuka M, Midorikawa A, Kawamura M. The Montreal Cog-
nitive Assessment (MoCA) and Neurobehavioral Cognitive Sta-
tus Examination (COGNISTAT) are useful for screening mild
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

cognitive impairment in Japanese patients with Parkinson’s
disease. Neurology and Clinical Neuroscience 1: 103-8, 2013.
HFUARHE— | IIRFiG , ARRNE , SRR, FEsE—, (LirgsE . 7
L FN Y X7 T —EHERICE T % mL O MRS
Cognition and Dementia 12: 76-83, 2013.

Sugimoto A, Futamura A, Ishigaki S, Hieda S, Miller M, Kawa-
mura M. Successful use of anti-epileptic drugs in three cases
of epilepsy with higher brain dysfunction. Neurology and
Clinical Neuroscience 1: 18-23, 2013.

Ishihara K, Araki S, Thori N, Suzuki Y, Shiota J, Arai N, Nakano
I, Kawamura M. Pseudobulbar Dysarthria in the Initial Stage
of Motor Neuron Disease with Dementia - a Clinicopathologi-
cal Rreport of two Autopsied Cases. European Neurology 69:
270-4,2013.

TR, RARSIE R LT, WA . AR S EifGe HE
14" % . Journal of clinical rehabilitation 21: 924-8, 2012.
TR, 2RSS G . SHEEHE LA S . Clinical
Neuroscience 30: 501-2, 2012.

K EF5AK, WA . Parkinson F5 & U BHE R OIRFEDHE |
whRgIARE 29: 391-4, 2012.

KEADSE, R, WA . T AN A LEEHIE . BRAIN
and NERVE 64: 1399-404, 2012.

A, ARRE , SRR, THSE—, SURKE—, (LR |
7RI aAY YT RAT T —BREEOIEEE & R
Cognition and Dementia 11: 88-95, 2012;.

TR, I 50E , KEFSEER . 100 £ H O LT« AMATFSE
BRAIN and NERVE 64: 474-85, 2012.

Ichikawa H, Shimizu Y, Kuriki A, Murakami H, Mukai M, Ka-
wamura M. The brainstem is at high risk for recurrent non-
cardioembolic cerebral infarction in association with diabetes
mellitus: a hospital-based study. Eur Neurol 67: 26-32, 2012.
Ichikawa H, Mukai M, Ohno H, Shimizu Y, Itaya K, Kawamura
M. Deep white matter hyperintensities, decreased serum
low-density lipoprotein, and dilative large arteriopathy. ]
Stroke Cerebrovasc Dis 21: 225-30, 2012.

Tsuruya N, Kobayakawa M, Futamura A, Sugimoto A, Kawa-
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OZEDD ] 32 (LA, ZOMREIGZFRE L A
M= AL HRS B 72, JeATirgE THURLF O
S (Kim, et al., 2006) [HRARDERIEIC X 238 Uf N1 T
2] (Shimojo et al., 2003) D/3F XA LA EDE S
C&T. IMRIAF¥FH—AT ILEDD | ZIEFEIE,
BOLD 5%l TE /. ZOFER. EIROTEEHL
ZHD LRTWEIR LI WVERZH SRETHT S
TERRWELR, E5IC, IRENELE &S OTES)
DO EWE ZDFIFIFEEL TLEDH ] Lt
T & bholz(to, et al, FEFERE. G 3)
WA CRRCED ORI EERIBNC 351 2 LRI O
TEMN 7252488 2 7k LTz "AIL (Attractiveness Is Leaky)” 785
XA I, (Shimojo et al., 2009, 2010) % HA A\ #5111
JICWE U CTHEVERICE Ll GIRBERE LR X,
2013),

4) wisE (RERTEEAE. SIMURTENE) OB
W (IDCS) BT, KB F F— 33 VRSO R Fificd
% VTA (ERIHEEE) OGN LA L. FEol))
WA BT B E&/R LTz (Chib, et al., 2013),
B NHER ORI & WV S M CHEN R T, 6
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HADEAR SN %,

*IEENGE) - REANEAR O L | JHMREERRIT - FHITE
DM TA 2737 b DOREVERXEEENT]. 5HO S
MMIC R 52z, IMRIZ2a—5)V 7 4 —RX\w 7
(Bray, et al., 2008). 47 DFr#7ME & BLLME (Park,
etal, 2010), 7Ly ¥ v —CHEIERRXTIME T 5 [
Bi% (Chib, et al., 2012). EEG »f ARSIEREEHH] & B4t
21 (Yun, 2012) 7% &,

28—/\)U COE R TEDMARTFE

THEN R UE OB & . JEREBI T O i T,
Wrgeo T & RO EGIZETH O, FI LM
Tk E N5, FHCRERE. RA RS 5 & DdtfFE
Wtz TEL TV 5,

PR EIRR

<P > AR T 1)

* Neil Halelamien “Visual replay effect triggered by
dual-pulse TMS™ 275 : S. Shimojo. A& (i S
HRE) 1?7 (200?42 H)

* Noelle Stiles “Sensory substitution, and mutimodal
plasticity” (2014 4£ 6 JJ 7&) 4 :S. Shimojo.
HlE GiCRAEZRR) | R

* Alma Gharib “Gaze and preference in Autism” (2014
£ 6 ATiE) F# :S Shimojo. FIE GR(HAZ
) : RAdolphs.

* Yong-Jun Lin “Time perception and its neural cor-
relates revealed by frequency tagging.” (2015 4F 6
H¥FE)

« E# S Shimojo, HI#E GRXHEAZR) @ Ak

<fgt>

» Charlotte Yang, “Rate perception adapts across the
senses, even at a subconscious level” (2013 4 5
H) 4 S Shimojo. HI#E GRXHEEZE) 1P

Patterson, H. Lester.
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1. Chib, V. S., Yun, K., Takahashi, H., Shimojo, S. Noninvasive

10.

11.

12.

13.

14.

15.

Remote Activation of the Ventral Midbrain by Transcranial
Direct Current Stimulation of Prefrontal Cortex. Translational
Psychiatry, in press.

Yun, K., Watanabe, K.. & Shimojo, S. Interpersonal body and
neural synchronization as a marker of implicit social interac-
tion. Sci. Reports, 2, 959, doi:10.1038/srep009592012.
Liao, H-I, Shimojo, S. & Yeh, S-L. Happy faces are preferred
regardless of familiarity - sad faces are preferred only when
familiar. Emotion, in press.

Genschow, O., Florak, A., Chib, Vikram, Shimojo, S., Scrabis, M.
& Waenke, M., Reaching for the (Product) stars: measuring
recognition and approach speed to get insights into consumer
choice. Basic & Applied Soc. Psychol., in press.

Wu, D-A., Shimojo, S., Wang, S. W. & Camerer, C. F. Shared
visual attention reduces hindsight bias, Psychol. Sci., DOIL:
10.1177/0956797612447817, 2012.

Bhushan, V., Saha, G., Lindsen, J., Shimojo, S. & Bhattacharya,
J. How we choose one over another: Predicting trial-by-trial
preference decision. PLoS ONE 7(8): e43351. doi:10.1371/
journal.pone, 2012.

Chib, V., De Martino, B., Shimojo, S. & O'Doherty, J. Neural
Mechanisms Underlying Paradoxical Performance for Mone-
tary Incentives are Driven by Loss Aversion, Neuron, 74, 582-
594, 2012. DOI 10.1016/j.neuron.2012.02.038, 2012.
Watanabe, M., Shinohara'S. & Shimojo, S. Mirror adaptation
in sensory-motor simultaneity, PLoS One, 6(12): e28080.
Doi:10.1371/journal.pone.0028080, 2011. http://www.
plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.
pone.0028080

Hsu, F. D. F, Ito, T., Schweikert, C., Matsuda, T. & Shimojo, S.
Combinatorial Fusion in Brain Informatics: Gender Variation

in Facial Attractiveness Judgment. IEEE Brain Informatics ,
Lanzhou, China, September 7-9, 2011.

Yotsumoto, Y., Seitz, A. R., Shimojo, S., Sakagami, M., Wa-
tanabe, T. & Sasaki, Y.
Induced by Task-Irrelevant Weaker Coherent Visual Motion
Signals. Cerebral Cortex doi:10.1093/cercor/bhr270, 2011.
Liao, H,, Yeh, S. & Shimojo, S. Novelty vs. familiarity principles

Performance Dip in Motor Response

in preference decisions: task-context of past experience mat-
ters. Frontiers in Psychology, 2, 43, 1-8, 2011.

Lindsen, J., Moonga, G., Shimojo, S. & Bhattacharya J. Swayed
by the music: sampling bias towards musical preference dis-
tinguishes like from dislike decisions. Consciousness and Cog-
nition, doi:10.1016/j.concog.2011.01.008, 2011.

Campos, M., Koppitch, Andersen, R. & Shimojo, S. Orbitofron-
tal cortical activity during repeated free choice. Journal of
Neurophysiology, 107:3246-3255, 2012; doi: 10.1152/
jn.00690.2010.

chlicht, E., Shimojo, S., Camerer, C. F., Battaglia, P. &
Nakayama' K. Human wagering behavior depends on oppo-
nents’ faces. PLoS ONE, 5(7), e11663. doi:10.1371/journal.
pone.0011663, 2010.

Lindsen JP, Jones R, Shimojo S. & Bhattacharya J. Neural com-
ponents underlying subjective preferential decision making.
Neurolmage, 50, 1626-1632, 2010.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.
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Park, J., Shimojo, E. & Shimojo, S. Roles of familiarity and
novelty in visual preference judgments are segregated across
object categories. Proceedings of National Academy of
Science, doi: 10.1073/pnas.1004374107, 2010.

Bray S, Shimojo S. & O'Doherty JP. Human medial orbitofron-
tal cortex is recruited during experience of imagined and real
rewards. ] Neurophysiol,103: 2506-2512, 2010.

Timasheyv, S. F., Polyakov, Yu. S., Yulmetyevd, R. M., Demin, S.
A., Panischeyv, O. Yu., Shimojo, S. & Bhattacharya, J. Frequency
and phase synchronization in neuromagnetic cortical re-
sponses to flickering color stimuli. Laser Physics, 20-3, 1-14,
2010.

Timashev, S.F., Polyakov, Yu. S., Yulmetyev, RM., Demin, S.A,
Panischev, O. Yu., Shimojo, S., Bhattacharya, J. Analysis of Bio-
medical Signals by Flicker-Noise Spectroscopy: Identification
of Photosensitive Epilepsy Using Magnetoencephalograms.
Laser Physics, 19-4, 836-854, 2009.

Fukui, T., Kimura, T., Kadota, K., Shimojo, S. & Gomi, H. Odd
sensation induced by Moving-phantom which triggered sub-
conscious motor program. PLoS ONE, 4(6), 5782, 2009.
Bhagat, M., Bhushan, C., Saha, G., Shimojo, S., Watanabe, K. &
Bhattacharya, J. Investigating Neuromagnetic Brain Responses
against Chromatic Flickering Stimuli by Wavelet Entropies.
PLosONE, 4(9): e7173, 20009.

Chib, V., Rangel, A., Shimojo, S. & O'Doherty, J. Evidence for
a common representation of decision values for dissimilar
goods in human ventromedial prefrontal cortex. Journal of
Neuroscience, September 30, 2009, 29(39):12315-12320;
doi:10.1523/JNEUROSCI.2575-09.2009.

Yotsumoto, Y., Sasaki, Y., Chan, P., Vacios, C. E., Bonmassar, G.,
Ito, N., Nanez, J.E., Shimojo, S & Watanabe, T. Location-spe-
cific cortical activation changes during sleep after training for
perceptual learning. Current Biology, 19, 1-5, 2009.
Camus,M., Halelamien, N., Plassmann, H., Shimojo, S., O'Do-
herty, J. P., Camerer, C. and Rangel, A. Repetitive transcranial
magnetic stimulation over the right dorsolateral prefrontal
cortex decreases valuations during food choices. European
Journal of Neuroscience, 1-9, 2009.

Rosenthal, O., Shimojo.S. & Shams, L. Sound-Induced Flash
[llusion is Resistant to Feedback Training, Brain Topography,
2009. http://dx.doi.org/10.1007/s10548-009-0090-9.
Yulmetyev RM, Khusaenova EV, Yulmetyeva DG, Hanggi P,

Shimojo S, Watanabe K, Bhattacharya J. Dynamic effects and
information quantifiers of statistical memory of MEG's signals
at photosensitive epilepsy. Math Biosci Eng. Jan;6(1):189-206,
2009.

Changizi M. A. & Shimojo S. “X-ray vision” and the evolution
of forward-facing eyes. Journal of Theoretical Biology 254:
756-767, 2008.

Changizi M. A. & Shimojo S. A functional explanation for the
effects of visual exposure on preference. Perception, 37(10)
1510 - 1519, 2008.

Bray, S., Rangel, A., Shimojo, S., Balleine, B., & O’Doherty, J.P.
The neural mechanisms underlying the influence of Pavlovian
cues on human decision-making. The Journal of Neurosci-
ence, May 28, 28(22):5861-5866; doi:10.1523/JNEURO-
SC1.0897-08, 2008.
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Shimojo, S. Self and world: large scale installations at science
museums. Spatial Vision, 21, 3-5, 337-346, 2008.

Hoeft F, Wu D-A, Hernandez A, Glover GH, Shimojo S (2008)
Electronically Switchable Sham Transcranial Magnetic Stim-
ulation (TMS) System. PLoS ONE 3(4): e1923. doi:10.1371/
journal.pone.0001923.

Changizi M., Hsieh, A., Nijhawan, R., Kanai, R. , & Shimojo, S.
Perceiving the Present and a Systematization of Illusions. Cog-
nitive Science: A Multidisciplinary Journal, 32 (3), 459-503,
2008.

van Wassenhove, V., Buonomano, D. V., Shimojo, S., Shams
, L. Distortions of Subjective Time Perception Within and
Across Senses. PLoS ONE 3(1): e1437. doi:10.1371/journal.
pone.0001437, 2008.

8 &3

1.

Stiles, N. R. B. and Shimojo, S. Sensory Substitution and a
Third Kind of “Qualia.” In Johan Wagemans (ed.), The Oxford
Handbook of Perceptual Organization, Chap. 43, Oxford Uni-
vesity Press, in press.

Hsu, D. F, Ito, T, Schweikert, C., Matsuda, T. and Shimojo, S.
Combinatorial Fusion Analysis in Brain Informatics: Gender
Variation in Facial Attractiveness Judgment. Brain Informatics
2011, Lecture Notes in Computer Science, Bin Hu, Jiming Liu,
Lin Chen, Ning Zhong (Eds.), 6889, 2-20, Springer, 2011.

Liao, H-I. & Shimojo, S. In Sharot, T. & Dolan, R. (eds.), Neu-
roscience of Preference and Choice, 277-292. Elsevier (Aca-
demic Press, ISBN: 978-0-12-381431-9), Oxford, UK, 2011.
Changizi, M. and Shimojo, S. Social color vision. In Adams, Jr.,
R. B., Ambady, N., Nakayama, K. & Shimojo, S.(eds.) Social Vi-
sion, 278-294. Oxford Univ. Press, 2011.

Shimojo, S., Simion, C., and Changizi, M. Gaze and preference -
orienting behavior as a somatic precursor of preference deci-
sion. In Adams, Jr., R. B., Ambady, N., Nakayama, K. & Shimojo,
S.(eds.) Social Vision, 151-163. Oxford Univ. Press, 2011.
Shimojo, S. Perceptual organization in the visual cortex. In
Albertazzi, L., van Tonder, G. J. & Vishwanath D.(eds.) Percep-
tion beyond inference - The information content of visual
processes, 137-156. MIT Press, Cambridge, MA, 2010.
Changizi, M. A,, Hsieh, A., Nijhawan, R., Kanai, R., and Shimojo,
S. Perceiving-the-present and a unified theory of illusions. In
Nijhawan R. and Khurana, B.(eds.) Space and Time in Percep-
tion and Action. Cambridge Univ. Press, Cambridge, UK, 441-
476, 2010.

Shimojo, S. Subliminal Impact - Contemporary world, emo-
tional and implicitly cognitive. Chikuma Shinsho, 2008 (in
Japanese).
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1.

Lee, S., Shimojo, S., O'Doherty, J.P. Neural correlates of arbi-
tration between model-based and model-free reinforcement
learning systems. Abst. #277, COSYNE, Feb. 28 - March 3,
2013.

Chib VS, Clegg L, Shimojo S, Sakagami M, O'Doherty JP. In-
creased preference for rewards following greater effort is
related to retrospective evaluation of sunk costs. Society for
Neuroscience Abstract 2012. 101.13/BBB18.

Shimojo, E., Wu, D-A. and Shimojo, S. Don't look at the mouth,
but then where? — Orthogonal task reveals latent eye avoidance

92

10.

11.

12.

13.

14.

15.

16.

behavior in subjects with high Autism Quotient scores. Annual
Meeting of the Vision Sciences Society, Naples, Florida, 2012.
(doi:10.1167/12.9.493 J Vis August 13,2012 12, 9, 493)
Stiles, N. R., Chib, V. and Shimojo, S. Behavioral and fMRI
Measures of “Visual” Processing with a Sensory Substitution
Device. Annual Meeting of the Vision Sciences Society, Naples,
Florida, 2012. (doi: 10.1167/12.9.703, Journal of Vision Au-
gust 13,2012, 12,9, 703)

Levitan, C. A., Ban, Y-H. A, Stiles, N. R. B. and Shinsuke
Shimojo, Cross-Modal Transfer Without Concurrent Stimula-
tion: A Challenge to a Hidden Assumption. Annual Meeting
of the Vision Sciences Society, Naples, Florida, 2012. (doi:
10.1167/12.9.1024, Journal of Vision August 13, 2012, 12,
9, 1024)

Yang, C. L., Stiles, N. R. B., Levitan, C. A. and Shimojo, S. Tem-
poral rate adaptation transfers cross-modally at a subcon-
scious level. 13" International Multisensory Research Forum,
Oxford, England, June 19-22, 2012.
Gomi H, Chib VS, Aso T, Shimojo S.
response induced by visual motion during reaching movement

Manual following

is mediated by extrastriate cortex. Society for Neuroscience,
41th Annual Meeting Abstract 852.10. Novemeber 11-16,
Washington D. C., 2011.

Chib VS, Shimojo S ,0>Doherty JP. The influence of monetary
gains and losses on behavioral Performance. Society for
Neuroscience, 41th Annual Meeting Abstract 733.01/ZZ83.
Novemeber 11-16, Washington D. C., 2011.

Lin, Y.-J., Schweers, N., Shimojo, S., Tsao, D. Y. Representation
of faces defined by moving dots in the macaque monkey.
Society for Neuroscience, 41th Annual Meeting (Poster #
487.03.), November 11 - 16, Washington D.C., 2011.

Ito, T., Maruya, T., Yamamoto, M., Suzuki, H., Shimojo, S., Mat-
suda, T. Neural Basis of Changing Face Preference Decision
by Gaze Manipulation. Society for Neuroscience, 4 1th Annual
Meeting (Poster # 299), November 11 - 16, Washington D.C.
Levitan, C., Ban, Y-H. A., Shimojo, S. What you see is what you
just heard: The effect of temporal rate adaptation on human
intersensory perception. IMRF (International Multisensory
Research Foundation) annual meeting (oral presentation),
ACROS Fukuoka, Fukuoka, Japan, October 17, 2011.

Liao, H-I, Yeh, S-L., Shimojo, S. Preference and familiarity for
emotional face: Familiar sad faces are preferred than unfa-
miliar ones, but happy faces are preferred than neural ones
regardless of familiarity. Asian Pacific Conference of Visual
perception, University of Hong Kong, Hong Kong (Poster #
22.9), July 15-18, 2011.

Hsu, D.F,, Ito, T., Schweikert, C., Matsuda, T., Shimojo, S. Com-
binatorial Fusion in Brain Informatics: Gender Variation in
Facial Attractiveness Judgement. Keynote at IEEE Brain Infor-
matics, Lanzhou, China, September 7-9, 2011.

Ito, T., Marutani, T., Yamamoto, M., Suzuki, H., Shimojo, S,
Matsuda, T. Neural basis of changing face preference decision
by gaze manipulation, Annual Meeting of the Organization on
Human Brain Mapping, Centre des Congrés de Québec (Poster
#526), June 26-30, 2011.

Gharib, A., Mier, D., Adolphs, R., Shimojo, S. Gaze and prefer-
ence decision making in autism. Vision Science Society Annual
Meeting Abstract 56.510, 2011.

Saegusa, C., Intoy, J., Shimojo, S., Visual attractiveness is leaky
(5): Perceptual organization matters., Vision Science Society
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33.

Annual Meeting Abstract 56.313, 2011.

Mier, D., Shimojo, E., Shimojo, S., Visual attractiveness is leaky
(4): Effects of non-social stimuli and the relationship to dis-
tance and timing. Vision Science Society Annual Meeting Ab-
stract 56.312, 2011.

Shimojo, E., Mier, D., Shimojo, S. Visual attractiveness is leaky
(3): Effects of emotion, distance and timing. Vision Science
Society Annual Meeting Abstract 56.311, 2011.

Wu, Daw-An, Shimojo, S., Camerer, C. “They must have seen it
all along” Hidsight bias in interpersonal cognition via visual
priming. Vision Science Society Annual Meeting Abstract
53.530, 2011.

Nadasdy, Z. & Shimojo, S. Perception of apparent motion
relies on postdictive interpolation. Vision Science Society An-
nual Meeting Abstract 56.326, 2010.

Saegusa, C., Shimojo, E., Park, J. and Shimojo'S. Visual attrac-
tiveness is leaky (2): hair and face. Vision Science Society An-
nual Meeting Abstract 36.527, 2010.

Schlicht, E., Shimojo, S., Camerer, C. F., Battaglia, P. &
Nakayama, K. Properties of a good poker face. Vision Science
Society Annual Meeting, Abstract 33.512, 2010.

Shimojo, E., Saegusa, C., Park, J., Souverneva, A. and Shimojo,
S. Attractiveness is leaky (1): center and surround. Vision Sci-
ence Society Annual Meeting, Abstract 23.444, 2010.

Kadota, K., Okumura, M., Shimojo, S. Postdictive mental revi-
sion of expectation of success in sports. Japanese Society of
Sport Psychology Annual Meeting, Tokyo Metropolitan Uni-
versity, Minami Osawa, Tokyo, Nov. 20, 2009.

Chib, V., De Martino, B., Shimojo, S., O'Doherty, J. P. Neural
mechanisms underlying the effects of monetary incentives on
Performance. Society for Neuroscience Annual Meeting Ab-
stract, 194.10/FF19, 2009.

Shimojo, E., Park, J., Shimojo, S. Integration of attractiveness
across object categories and figure/ground. Vision Science
Society Annual Meeting, Naples, FL., May 8 - 13, 2009.
Vasudevan, H., Halelamien, N., Shimojo, S. Visual Replay Effect:
Objective Evidence from a Masking Paradigm. Vision Science
Society Annual Meeting, Naples, FL., May 8 - 13, 2009.

Liao, H.L, Park, J., Shimojo, E.., Ishizaki, J., Yeh, S.L., Shimojo,
S. Gaze orienting, and novelty vs. familiarity preference. Vi-
sion Science Society Annual Meeting, Naples, FL., May 8 - 13,
2009.

Campos M., K. Koppitch, R.A. Andersen, S. Shimojo. Changing
your mind - contributions of primate OFC to self-initiated
free-choice behavior. Neuroscience 2008, Washington, D.C.,
November 15 - 19, 2008.

Bray, S., Shimojo, S., O'Doherty, J. Neurofeedback dependent
increases in medial orbitofrontal cortex can modulate subjec-
tive judgments of stimulus reward value. Society for Neurosci-
ence 2008, Washington, D.C., November 15 - 19, 2008.
Noguchi, Y., Shimojo, S. Temporal blind spot in the human vi-
sual system. Society for Neuroscience 2008, Washington, D.C.,
November 15 - 19, 2008.

Park, J., Kim, H., Shimojo, S. Linking memory to preference: an
fMRI study of familiarity and novelty principles. Society for
Neuroscience Annual Meeting, Washington, D.C., November
15-19, 2008.

Camus, M., Halelamien, N., Shimojo, S., O'Doherty, J., Camerer,
C., and Rangel, A. rTMS over the right dorsal prefrontal cortex
down-modulates the competition of values in decision mak-
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ing. 6" Annual Conference of the Society for Neuroeconomics,
Park City, UT, Sept. 25-28, 2008.

. Liao, H. L, & Shimojo, S. Retrieval of visual percept by paired
association of a visual stimulus and transcranial magnetic
stimulation (TMS): Effect of TMS delay. Poster presented at
Asia-Pacific Conference on Vision. Brisbane, Australia, 2008.

. Liao, H. L., Wu, D. A,, Yeh, H. Y., & Shimojo, S. Transcranial
magnetic stimulation (TMS) consolidates and retrieves a
percept from short term memory. Poster presented at ASSC
(Association for the Scientific Study of Consciousness), 12th
Annual Meeting. Taipei, Taiwan, 2008.

. Schlicht, E., Shimojo, S., & Nakayama, K. Learning probability
and reward through experience: Impact of value structure on
reach planning [Abstract]. Journal of Vision, 8(6):543, 543a,
http://journalofvision.org/8/6/543/, doi:10.1167/8.6.543,
2008.

. Campos, M., Koppitch, K., Andersen, R. A., & Shimojo, S. Over-
lapping representation of juice and video rewards in primate
OFC [Abstract]. Journal of Vision, 8(6):546, 546a, http://jour-
nalofvision.org/8/6/546/, doi:10.1167/8.6.546, 2008.

. Shimojo, E., Park, J., Kashino, M., & Shimojo, S. Familiarity for
faces and novelty for natural scenes in preference: Does simi-
larity matter? [Abstract]. Journal of Vision, 8(6):1137, 1137a,
http://journalofvision.org/8/6/1137/, doi:10.1167/8.6.1137,
2008.

. Liao, H-I,, & Shimojo, S. Novelty vs. familiarity principles in
preference decision: Task-context of memory matters [Ab-
stract]. Journal of Vision, 8(6):522, 522a, http://journalofvi-
sion.org/8/6/522/, doi:10.1167/8.6.522, 2008.
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Sensory substitution and crossmodal integration - around the
brain plasticity. Symposium (with the same title), Japanese
Association of Psychology, 76" Annual Meeting, Senshu Uni-
versity Ikuta Campus, September 12, 2012.

“Nuclear plants, and implicit cognition” Special lecture series,
Kyoto University Kokoro Center, Kyoto, Japan, September 5-7,
2012.

Subjective experience of consciousness and behavior. Japa-
nese Association for Software Sciences, “Emergence of Intelli-
gence from network” Study Group Workshop, Rissyo Univer-
sity Osaki Campus, Tokyo, Japan, August 30, 2012.

Sensory substitution, crossmodal plasticity, and the third kind
of “qualia.” Tokyo Medical & Dental Unicersity, Summer inten-
sive lecture course for foreign students, TMDU, Tokyo, Japan,
August 29, 2012.

Crossmodal Interactions - Attention and synchrony. Tokyo
Medical & Dental Unicersity, Summer intensive lecture course
for foreign students, TMDU, Tokyo, Japan, August 28, 2012.
Food and neuromarketing - a new merging area between so-
cial and natural sciences. Miyagi University special seminar,
Miyagi University Taihaku Campus, Sendai, Miyagi, Japan,
July 2,2012.

Adventure of vision - concerning plasticity and possibility of
visual functions. Japanese Association for Strabismus and
Amblyopia 68" Annual Meeting / Japanese Association for
Developmental Ophthalmology 37" Annual Meeting, Nagoya
International Conference Center, Nagoya, Japan, June 30,
2012.

Crossmodal interactions - shooting “hidden assumptions -." In-
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ternational Multisensory Research Forum, 13" Annual meet-
ing Keynote, Oxford University, June 19, 2012.

Crossmodal interactions - shooting “hidden assumptions -.”
Psychology Departmental Seminar, Goldsmith College, Univer-
sity of London, June 18, 2012.

Intelligence and environment - concerning the shared reality
of sensation and perception. National Institute of Natural Sci-
ences, 12th symposium on “Possibility of Extraterrestrial In-
telligence III,” Tokyo International Forum, Marunouchi, Tokyo,
Japan, March 20, 2012.

Interpersonal bodily and neural synchrony as a marker of
social connectivity. Hokkaido University GCOE “Sociality of
Mind” Final Symposium, Gakujyutsu Sogo Center, Chiyoda-ku,
Tokyo, Japan, March 17, 2012.

Gaze and Visual Preference/Attractiveness .Tamagawa GCOE
Workshop on Gaze and Preference, Tamagawa University
Brain Science Institute, Tamagawa Gakuen, Tokyo, Japan,
March 12, 2012.

Sensory substitution, and the third kind of “qualia.” Workshop
on science of experimental and qualitative spaces (SEQS) 2,
University of Trento, Rovereto, Italy, February 21, 2012.
Consumer psychology and marketing - subconscious neural
mechanisms and purchasing decision. NTT data Kitakyushu
Innovatin seminar, Nishitetsu Grand Hotel, Fukuoka, Japan,
October 28, 2011.

Face, gaze and preference - Attractiveness is leaky and im-
plicit. Brown University Department of Neuroscience invited
seminar, Providence, RI, September 20, 2011. N

Steps towards my dream come true. Science Communicator
Development Program, Lecture & Workshop, Shizuoka Sci-
ence Museum Ru-Ku-Ru, Shizuoka, Japan, March 6, 2011.
Neural and behavioral correlates of visual preference decision.
“Shitsukan” brain informatics, Houkatsu nou joint symposium,
Portopia, Kobe, Japan, August 24, 2011.

Perception and evolution. “Kokoro no Hiroba” a joint sympo-
sium between Kyoto prefecture and “Kokoro no Mirai” Center,
Inamori Hall, Kyoto, August 21, 2011.

Implicit mechanisms underlying preference decision making.
Kyoto University Medical School, Department of Psychiatry
invited seminar, Kyoto, Japan, August 19, 2011.

Implicit mechanisms towards liking and preference - positive
feedback and creativity. Chuo University Faculty of Letters,
Midorikawa Seminar, Hino, Tokyo, June 18, 2011.

Human decision making and behavior, from implicit cognitive
processes — preference decision and motivation. Applied Neu-
roscience Consortiam, Keidanren Hall, Tokyo, June 17, 2011.
Pleasure of sensing, reward with exploration - Possibilities of
sciences, museums and arts. Shizuoka Science Museum Ru-
Ku-Ru, Shizuoka, Japan, March 6, 2011.

[lusion workshop for kids and parents. Shizuoka Science Mu-
seum Ru-Ku-Ru, Shizuoka, Japan, March 6, 2011.

Mechanisms of decision making - implicit vs. explicit, passive
vs. active. The KOKORO no Mirai Center, Kyoto University, Ky-
oto, Japan, March 3, 2011.

The subjectivity of mental experiences, and the objectivity of
behavior - concerning “qualia.” The KOKORO no Mirai Center,
Kyoto University, Kyoto, Japan, March 3, 2011.

Self and others - From the cognitive neuroscience viewpoint.
The Waseda University Special Invited Lecture, Ono Memorial
Hall, Waseda, Tokyo, Japan, Nov. 9, 2010.
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Qualia? - the subjectivity of mind, and the objectivity of
behavior/neural correlates. The Japanese Neural Network
Society, Autumn School ASCONE Special Lecture, The Tohoku
University, Sendai, Miyagi, Japan, Nov. 2, 2010.

Behavioral and neural correlates of preference decision
making - “another person” in self ? Grant-in-Aid for Scientific
Research on Priority Areas (Behavioral Economics) Summer
School, Shinshu University, Matsumoto, Nagano, Japan, Sept.
13, 2010.

Implicit mechanisms underlying decision making - from per-
ception to preference. Tamagawa-Keio-Caltech GCOE Lecture
course, Keio University, Mita, Tokyo, Japan, Sept. 9, 2010.
Implicit mechanisms underlying decision making - from per-
ception to preference. The Japanese Society of Physiological
Sciences, Summer School for Young Physiologists, The Tokyo
Medical and Dental University, Ochanomizu, Tokyo, Japan,
Sept. 7, 2010.

Decision making - from perception to preference. California
Institute of Technology Alumni College, Pasadena, CA, August
27, 2010.

Free will, as a valid illusion. VCASI (Virtual Center for Ad-
vanced Studies in Institution) random seminar, Nihon Zaidan
Bldg, Tokyo, Japan, July 15, 2010.

Decision making, being active, and freedom - what defines
“self"? Osaka University Interdisciplinary Symposium, Osaka,
Japan, June 10, 2010.

Time paradox in perceptual decision making. In Symposium
on “conscious and subconscious decision making.” The Japa-
nese Society of Physiological Sciences Annual Meeting, Mori-
oka, Iwate, Japan, May 19, 2010.

Qualia? - the subjectivity of mind, and the objectivity of be-
havior/neural correlates. Shinteki jyuku Seminar, Senri Life
Science Center, Senri, Osaka, Japan, May 18, 2010.

Behavioral and neural correlates of preference decision mak-
ing. The National Institute for Physiological Sciences, Okazaki,
Aichi, Japan, April 2, 2010.

Decision making and reward: concerning implicit brain func-
tions. “Mechanisms of Brain and Mind” workshop, Rusutsu
Resort, Hokkaido, Japan, Jan. 12, 2010.

TMS applied to the visual cortex - approaching the Brain-
Mind problem. Asian Pacific Computing and Philosophy
Annual Meeting, Keynote Speech, International Association
for Computing & Philosophy, Tokyo University, Hongo, Bun-
kyo-ku, Tokyo, Japan, Oct. 2, 2009.

Implicit aspects of human nature - from cognitive & neuro-
biological perspectives. Symposium on “human nature,” Ars
Electronica Art Festival, Lintz, Austria, Sept. 6, 2009.
Behavioral and neural correlates of visual preference decision
making. Kao Symposium on “Mechanism of liking and ad-
diction - understanding in psychological, physiological and
behavioral aspects,” Kao Corporation, Sumida, Tokyo, Japan,
August 7, 2009.

Genesis of mind via gaze - development of body, mind and
brain. Workshop for parents, Special invited lecture, Kids
Power, Kobe Industrial Development Center, Kobe, Hyogo, Ja-
pan, July 25, 2009.

Implicit and explicit processes in decision making. The Japa-
nese Association for Research on Disturbance of Conscious-
ness, 18" Annual Meeting, Special Educational Lecture, Kawa-
goe Prince Hotel, Kawagoe, Saitama, Japan, July 24, 2009.



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Mind is not alone - towards inverse translational sciences. Ky-
oto University Kokoro Research Center, Special Lecture. Kyoto
University Kokoro Center, Kyoto, Japan, June 10, 2009.
Intentionality and body - across perception, decision making
and movement. Symposium on “body schema,” Kyoto Univer-
sity, Kyoto, Japan, June 8, 2009.

Postdiction - brain, mind and time. National Taiwan Univer-
sity, Department of Psychology Special Seminar, May 26,
2009.

Crossmodal interactions - attention, timing and synchrony.
National Taiwan University, Department of Psychology Special
Lecture, May 25, 2009.

Postdiction - brain, mind and time. China Medical University,
Department of Psychology Seminar, Taichung, Taiwan, May
25, 20009.

Behavioral and neural correlates of preference decision mak-
ing. Kawato CREST Project on Decoding and Control of Brain
Information, Annual meeting, Ibusuki, Kagoshima, Japan, April
18, 2009.

Behavioral and neural correlates of visual preference deci-
sion: towards the extension of neural computation and neural
informatics. Fordham University, Department of Computer
Sciences/Theatre & Visual Arts Special Seminar, Fordham Uni-
versity, NY city, NY, April 3, 2009

Perceptual illusions — where science meets art. Fordham Univer-
sity, Department of Computer Sciences/Theatre & Visual Arts
Special Seminar, Fordham University, NY city, NY, April 2, 2009.
Behavioral and neural correlates of visual preference decision
making. North Eastern University, Department of Psychology
Seminar, North Eastern University, Boston, MA, March 26, 2009.
Preference, creativity, and postdiction. Sport Psychology
Workshop (supported by Grant-in-Aid for Scientific Research,
Kiban A), NTT Communication Science Laboratories, Atsugi,
Kanagawa, Japan, March 16, 2009.

Time, consciousness and “free will”. International Institute for
Advanced Studies 6™ workshop on “mathematical brain sci-
ence of autonomy in cognition and movements. International
Institute for Advanced Studies, Kizugawa, Kyoto, Japan, March
11, 2009.

Dynamics of <mind-body-brain> - concerning preference
decision making. Tamagawa University gCOE Lecture Series,
Tamagawa University, Tamagawa Gakuen, Machida, Tokyo,
Japan, March 9, 2009.

Behavioral and neural correlates of visual preference deci-
sion. IS&T/SPIE HVEIC(Human Visual and Electronic Imaging
Conference) XIV, San Jose Conference Center, San Jose, CA,
January 19, 2009.

Dynamical loop of learning, and its role in creativity. Kyoto
University Kokoro Research Center, Special Lecture. Kyoto
University Kokoro Center, Kyoto, Japan, Dec. 4, 2008.
Dynamics of the visual cortical process and consciousness,
assessed with TMS. Japanese Association for Electric Informa-
tion Processing and Communication, HIP(Human Information
Processing) Workshop, Kanazawa Institute of Technology,
Kanazawa, Ishikawa, Japan, Nov. 7, 2008.

Human Being? Professor Hiroshi Harashima’s final lecture
series, University of Tokyo, Faculty of Engineering, Hongo,
Bunkyu-ku, Tokyo, Japan, Oct. 31, 2008.

Neural correlates of preference and choice behavior - neuro-
economics, and cognitive neuroscience of decision making.

Global COE Program
ain Science Institute
ama iversity

TOSHIBA Corporation, Shibaura, Tokyo, Japan, Oct. 30, 2008.
60. Learning and education, from the perspectives of implicit
brain functions. JST Social Technology Development Center,
Interdisciplinary Symposium “Brain science and Society- How
to enhance motivation to learn,” University of Tokyo, Hongo,
Bunkyo-ku, Tokyo, Japan, Oct. 4, 2008.
61. What TMS can(not) prove - lessons from its applications to
the visual cortex. Society for Neuroeconomics, annual meet-
ing, workshop, Canyons, Park City, UT, Sept. 26, 2008.
62. Behavioral and neural correlates of visual preference. Japa-
nese Association for Neuropsychology, annual meeting, Key-
note lecture, Tokyo, Japan, Sept. 18, 2008.
63. Behavioral and neural correlates of visual preference decision-
making. Asian Pacific Conference of Visual perception, annual
meeting, keynote lecture, Brisbane, Australia, July 20, 2008.
64. Emotion - that drives body and mind. University of Tokyo Kom-
aba campus, special lecture in the “broader academic perspec-
tives” series, Komaba, Meguro-ku, Tokyo, Japan, June 17, 2008.
65. Frontiers of visual science. Aichi Prefecture Ophthalmologist As-
sociation, special seminar, Nagoya, Aichi, Japan, June 12, 2008.
66. Implicit and dynamic aspects of choice decision. BVM-Con-
gress, keynote lecture, Hamburg, Germany, June 5, 2008.
67. Behavioral and neural correlates of visual preference decision
making. University of Rochester Center for Visual Sciences,
biannual symposium, “Bluring the borders between vision,
cognition and action,” University of Rochester, Rochestrer, NY,
May 30, 2008.
68. Gaze, preference, and other aspects of the social brain. Uni-
versity of Michigan, Department of Psychology seminar, Uni-
versity of Michigan, Ann Arbor, Michigan, April 14, 2008. N
69. Implicit mind, social brain. Symposium "From genome to mind
- a prospective towards advanced psychological studies". Ky-

oto University, Kyoto, Japan, Feb. 2, 2008.

EERE (RBEEERLGL)

* AFTERIMAGE. Art exhibition in collaboration with Elizabeth
Tobias and Shana Mabari. L2K Gallery, China Town, Los An-
geles, October 17- November 14, 2009.

TEH (KA - EEHEYNRR FIBLURFERE)

1. Japanese Society of Cognitive Science, The "most creative
study" award, June 2008.

2. Nakayama Grand Prix (for “significant contributions to science of
emotion”; sponsored by Nakayama Press, Japan), August 2008.
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Peter Bossaerts

Affiliation: f{EIFHZEFR - EEHIE. DU T IV 7 IRKFE - 8%
Research theme: Neuroeconomics / Decision Neuroscience
Keywords: Uncertainty, Risk, Anterior Insula, Anterior
Cingulate Cortex, Amygdala, Parietal Cortex, Default Mode
System, Inferior Frontal Gyrus, Norepinephrine, Locus Coeruleus

PROJECT REPORT RELATED TO

GLOBAL COE PROGRAM

The goal of our lab is to study human decision making
under uncertainty. We focus on financial risks, but are
interested also in other types of risk, which may be
more ecologically relevant, because we want to under-
stand where deficiencies come from.

Our approach is experimental, combining decision the-
ory with cognitive psychology and neuroscience. We
generate financial risks ourselves - in purposely con-
trolled financial markets (which we also set up to under-
stand the feedback of human behavior onto prices).

We distinguish two types of risk: non-intentional risk,
as if created by “nature,”

and intentional risk, when one is facing opponents
who may be better informed, both small-scale (e.g.,
auctions), or large-scale (organized financial markets
with an anonymous, electronic interface).

Within the context of the global COE program we have
been focusing on the neurobiological foundations of
learning in stochastic environments with outliers/
extreme events.

So far, the evidence supports the idea that the human
brain is best adapted to learning in a Gaussian environ-
ment. While this encompasses many realistic situations
(including non-stationary ones),

Gaussian learning processes are maladapted for sto-
chastic environments characterized by heavy-tailed
distributions, such as financial markets. Outliers could
be mis-interpreted as signaling shifts in distributions.
This would have huge mis-pricing effects for financial
securities, and lead to the emergence of bubbles and
crashes.

Highlights of findings reported in the publications below

are as folows.
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» Risk and risk prediction error (outlier; extreme
event) signals can be found in anterior insula and infe-
rior frontal gyrus.

» These signals form part of a sophisticated Bayesian
approach to learning about uncertainty, which means
that the human brain forms a causal model of the en-
vironment and learns its parameters (and changes)
through sophisticated inversion of frequencies of ob-
served events.

*  We reported how amygdala plays a crucial role in
tracking the uncertainty regarding the model (parame-
ters), further extending the role of this important brain
structure, beyond crude functionality (such as fear).

e Because of parallel work on pupil dilation
and risk prediction errors (outliers/extreme events),
among others by a former student, attention shifted to
locus coeruleus. We thus were the first to report con-
clusive evidence of the crucial role of the norepineph-
rine system in tracking outlier/extreme event risk.

*  We also worked on algorithmic details reflected in
computational signals in the human brain. Specifically,
we contrasted pure frequency-based assessment of
uncertainty against the more sophisticated, Bayesian
“probability inversion” approach.

e The default mode network was found to play
a crucial role in learning of outcome probabilities in
situations where the valence of those outcomes is not
(vet) known.

* The inferior frontal gyrus was found to play
a crucial role in merging of subjective or “internal”
prior beliefs with factual frequencies. To our surprise,
factual frequencies are tracked alongside (updated)
subjective beliefs (in the default mode network) rather

than discarded once used to update subjective beliefs.



ACHIEVEMENTS RELATED TO
GLOBAL COE PROGRAM

Publication related to global COE program
Journal papers

1.

10.

11.

12.

13.

14.

15.

16.
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“The Human Brain Encodes Event Frequencies While
Forming Subjective Beliefs,” with Mathieu d” Acremont and
Wolfram Schultz, Journal of Neuroscience, in press.

“In the Mind of the Market: Theory of Mind Biases Value
Computation During Financial Bubbles,” with Benedetto de
Martino, John O’Doherty, Deb Ray and Colin Camerer, Neu-
ron, in press.

“The Neural Representation of Unexpected Uncertainty
During Value-Based Decision Making,” with Elise Payzan,
Simon Dunne and John O'Doherty, Neuron, in press.

“Testing Theories Of Investor Behavior Using Neural
Data,” with Cary Frydman, Nick Barberis, Colin Camerer
and Antonio Rangel, Journal of Finance, in press.

“Risk and Reward Preferences Under Time Pressure,” with A.
Nursimulu, Review of Finance, in press.

“Evidence for model-based computations in the human
amygdala during Pavlovian conditioning,” with Charlotte
Prévost, Dan McNamee, Ryan Jessup and John O’Doherty,
PLoS Computational Biology 2013 (9).

“Activity in inferior parietal and medial prefrontal
cortex signals the accumulation of evidence in a probabil-
ity learning task,” with M. d’Acremont and E. Fornari, PLoS
Computational Biology 2013 (9).

“Decision Making: How The Brain Weighs The Evidence,” with
M. d’Acremont, Current Biology 2012 (22), 1641-48 (Dis-
patch).

“Risk, Unexpected Uncertainty, and Estimation Uncertainty:
Bayesian Learning in Unstable Sttings,” PLoS Computa-
tional Biology 7 (1), e1001048. doi:10.1371/journal.
pcbi.1001048. (2011)

“Hedging your bets by learning about reward correlations in
the human brain,” with Klaus Wunderlich, Mkael Symmunds
and Ray Dolan, Neuron 2011 (71), 1141-52.

“Separate Encoding of Intuition-Based and Reason-Based
Subjective Valuations In The Human Brain,” with Ulrik Bei-
erholm, Cedric Anen and Steven Quartz, Neurolmage 2011
(58), 955-62.

“The human prefrontal cortex mediates integration of
potential causes behind observed outcomes,” with Klaus
Wunderlich, Ulrik Beierholm and John O’Doherty, Journal of
Neurophysiology 2011 (online pre-print).

“Differentiable ~ Contributions of Human Amygdalar
Subregions in the Computations Underlying Reward and
Avoidance Learning,” with C. Prévost, J.A. McCabe, R.K.
Jessup and J. O'Doherty, European Journal of Neuroscience
2011 (34), 1-12 (featured article).

“The Affective Impact of Financial Skewness on Neural
Activity and Choice,” with C. Wu and B. Knutson, PLoS One
2011 (6) doi:10.1371/journal. pone.0016838.

“Risk, Unexpected Uncertainty, and Estimation Uncertainty:
Bayesian Learning in Unstable Settings,” with Elise Payzan,
PLoS Computational Biology, 2011 (7) doi:10.1371/journal.
pcbi.1001048.

“MAOA-L carriers are better at making optimal financial de-
cisions under risk,” with Cary Frydman, Antonio Rangel and

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Colin Camerer, Proceedings of The Royal Society B: Biologi-
cal Sciences 2010 doi:10.1098/rspb.2010.2304.

“A Behavioral and Neural Evaluation of Prospective Deci-
sion-Making under Risk,” with Mkael Symmonds and Ray
Dolan, Journal of Neuroscience 2010 (30), 14380-9.

“Risk and Risk Prediction Error Signals in Anterior Insula,”
Brain Structure and Function 214 (2010) 645-653.
“Exploring the Nature of Trading Intuition,” with Antoine
Bruguier and Steve Quartz, Journal of Finance, 65 (2010),
1703-23.

“What Decision Neuroscience Teaches Us About Financial
Decision Making,”Annual Review of Financial Economics 2009
(1), 383-404.

“Neural Correlates of Value, Risk and Risk Aversion Contrib-
uting to Decision Making under Risk,” with G. Christopoulos,
P. Tobler, R. Dolan and W. Schultz, Journal of Neuroscience
29 (2009), 12574-83.

“Decision Making in Financial Markets,” in: Encyclopedia of
Neuroscience, Eds. L. Squire, T. Albright, F. Bloom, F. Gage
and N. Spitzer, Elsevier, 2009, 339-346.

“Explicit Neural Signals Reflecting Reward Uncertainty,” with
W. Schultz, K.Preuschoff, C. Camerer, M. Hsu, C.D. Fiorillo,
and P. Tobler, Philosophical Transactions of the Royal
Society B: Biological Sciences, 2008 (363), 3801-3811.
“Neurobiological Studies of Risk Assessment: A Compar-
ison of Expected Utility and Mean-Variance Approaches,”
with M. d'Acremont, Journal of Cognitive, Affective and Be-
havioral Neuroscience 8 (2008), 363-374.

“The Neurobiological Foundations of Valuation in Human
Decision Making under Uncertainty,” with Ming Hsu and K.
Preuschoff, in: Neuroeconomics: Decision Making and the
Brain, Ed. PW. Glimcher, C.F. Camerer, E.Fehr, R.A. Poldrack,
New York: Academic Press (2008).

“Neural Correlates of Mentalizing-Related Computations
During Strategic Interactions in Humans,” with A. Hamp-
ton and J. O'Doherty, Proceedings of the National Academy
of Sciences, 105 (2008), 6741-6746.

“Investigating Signal Integration with Canonical Correlation
Analysis of fMRI Brain Activation Data,” with A. Bruguier, K.
Preuschoff and S. Quartz, NeuroImage, 41 (2008), 35-44.
“Markowitz in the Brain?” with Kerstin Preuschoff and
Steve Quartz, Revue d’ Economie Politique, 2008, 75-96.
‘Human Insula Activation Reflects Risk Predictions Errors
As Well As Risk,” with Kerstin Preuschoff and Steve Quartz,
Journal of Neuroscience, 28 (2008),2745-2752.

“Towards a Mechanistic Understanding of Human
Decision Making: Contributions of Functional Neuroimag-
ing,” with J. O'Doherty, Current Directions in Psychological
Science (Special Issue on The Interface Between Neurosci-
ence and Psychological Science), 17 (2008).

Book chapters

1.
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“Predicting Risk in a Multiple Simulus - Multiple Reward
Environment,” with Mathieu d’Acremont and Manfred Gilli,
in: Reward And Decision Making, ed. J.C. Dreher and L.
Tremblay, Academic Press (2009).
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Keynote lectures

1.

10.

11.

“The Neurobiology Behind Human Decision Making *
2013 Finance Down Under Conference, Melbourne (Austra-
lia), March 2013.

“The Human Brain Behind Financial Skill” Second Miami Be-
havioral Finance Conference, December 2012.

“The Human Brain Behind Financial Skill” Joint Symposium,
National Taiwan University, National Chengchi University, Na-
tional Yang-Ming University, Taipei (Taiwan), March 2012.
“The Human Brain Behind Financial Skill” Swiss Finance
Institute Annual Meeting, November 201 1.

“Neurobiological Foundations of Decision Making under Un-
certainty” Finance Down Under: Building on the Best from the
Cellars of Finance, University of Melbourne, Australia, March
2011.

“What Decision Neuroscience Teaches Us about Financial
Decision Making,”"Marian Miner Cook Athenaeum Lecture,
Claremont McKenna College, March 2010

“Neuroscience and Decision Making,” at: A Birdseye View
of Finance: Past, Present, and Future Frontiers, Conference
organized in honor of Haim Levy, Jerusalem, August 2009
“Strategic Uncertainty In Games and Markets: A Neuroeco-
nomic Perspective” at: 5th International Meeting On Exper-
imental And Behavioral Economics, Granada (Spain), April
2009

“Potential Policy Implications of Neuroeconomics,” at:
The Social Brain, symposium organized by the Royal Acad-
emy of Arts, Manufacture and Commerce (RSA) and the Well-
come Trust, London, January 2009

“Decision Making under Uncertainty: Risk and Risk
Learning,” Building Bridges in Medical Sciences, Cambridge
University Medical School, November2008.

“The Neuroeconomics of Decision Making,” World Economic
Forum, Geneva, September 2008.
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Colin F. Camerer

Affiliation: E)IIXFRFFATRR - BEBR. DU TAIVZT7IRKE - HFW

Research theme: Neuroscientific basis of risky and social decisions

KEYWORDS: Prospect theory, reward, computational neuroscience, game theory,
neuroeconomics

PROJECT REPORT RELATED TO

GLOBAL COE PROGRAM

My research group is interested in incorporating theo-
ries and evidence about the biological limits on compu-
tation, willpower and self interest into economics. This
approach is often called “behavioral economics”, but we
go further by establishing the mechanistic detail of how
psychological values are computed neurally. Our group
has done many pioneering studies in experimental eco-
nomics using biological methods including eyetracking
(beginning in 1988), lesions (with Ralph Adolphs be-
ginning 2003), and economic fMRI (beginning 2003).
Besides using many neuroscientific methods—lesion pa-
tients, EEG, fMRI, psychophysiology, pharmacology—we
also conduct typical economic studies with field data.
Before the GCOE (beginning 2008), the focus of my sci-
entific research was how to incorporate psychologically
and neurally plausible inputs into human decision mak-
ing into economic models (sometimes called “neuroeco-
nomics”). The GCOE accelerated the pace of progress in
this approach in three ways:

(1) The deepest contribution was learning from Masam-
ichi Sakagami, Kenji Doya, and others about multiple
systems which create value and guide choice. Their ideas
were known in the scientific literature, but for an ‘out-
sider’ like myself coming from economic social science,
it was very useful to meet the people who are producing
the best data, have a chance to ask them detailed ques-
tions, and then figure out the impact of their discoveries
for economics. Their understanding of computational
bases of valuation has influenced my thinking and I am
communicating that understanding to economics.

(2) I was lucky to meet Hidehiko Takahashi, who had
several projects on economic decision making. Prof.
Takahashi's projects were well underway but he asked

for some guidance on carefully checking the proce-

dures, interpreting what they found, and ensuring that
interesting results were presented in a scientifically au-
thentic and engaging way that could aid publication in
leading scientific journals. My assistance to Prof. Taka-
hashi’s group resulted in three interesting papers [see
publication list below]. At Caltech we were also lucky
that Keise Izuma joined us as a Postdoctoral Fellow in
2010. Dr. Izuma was supervised by Ralph Adolphs and
one joint paper (PNAS) resulted on reduction in social
image concern in autistic adults during charitable con-
tribution. (3) The long-lasting impact of the GCOE is an
intellectual network of connections between Caltech,
Tamagawa, and other places in Japan (such as Kyoto
and Keio, where we had joint meetings, and the Kyoto
Primate Research Institute outside Nagoya, where I be-
gan a collaboration in 2011).

CONTRIBUTION TO THE GCOE AND
TAMAGAWA UNIVERSITY COLLABORATION
Attended all the joint meetings of the GCOE Tamagawa-
Caltech partnership (in Japan and USA).

Coauthored papers with different GCOE collaborators
(see publications below).

Gave a public talk at Keio University 10 September
2010 (after the GCOE talk) on decision neuroscience.
Helped Hidehiko Takahashi co-organize the Kyo-
to-Tamagawa-Caltech meeting in June 201 1.

Helped Caltech regularly host visiting students and fac-
ulty affiliated with the GCOE grant in December, 2010
and April 2012.

I gave a keynote address at the Asian Economic Associ-
ation meetings in Tokyo 16-18 February 2013.

Our paper “Game theory describes highly experienced
chimpanzees play better than humans” is a collabora-

tion with Kyoto PRI that resulted from contact through
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GCOE. (It is in revision for Scientific Reports, a Nature
group open access journal.) We use a dual touch-screen
display in which two subjects choose left and right dis-
play boxes, and earn a reward depend on both choices.
The game is competitive because when one subject
wins (earning a food reward) the other gets nothing.
We find that chimpanzees choose display box choice
frequencies which are very closely matched by predic-
tions of game theory. Their choices match theory much
more closely than two human groups in similar exper-
imental protocols. The result lends support to the cog-
nitive tradeoff hypothesis of Matsuzawa, which is that

human development and practice of language, planning,

ACHIEVEMENTS RELATED TO

social interaction and other modules which are more
important for humans than for chimpanzees, may have
crowded out a capacity for highly strategic response
tracking and behavior in competitive games, which is
retained in chimpanzees.

FUTURE WORK OF

RESEARCH COLLABORATION

AFTER THE TERMINATION OF GCOE

I have had active discussions with Prof. Takahashi's
collaborators who are interested in schizophrenia and
anorexia nervosa, and hope to create some exciting
projects combining economic ideas of measurable re-

ward deficit to learn more about these disorders.

GLOBAL COE PROGRAM

Articles (peer reviewed)

These are the articles most directly related to GCOE Japan-

US participant collaboration. or funded by GCOE funds:

1. Aoki, Ryuta, Madoka Matsumoto, Yukihito Yomogida, Keise
Izuma, Kou Murayama, Ayaka Sugiura, Colin F. Camerer,
Ralph Adolphs, and Kenji Matsumoto. “Social equity in the
number of choice options is represented in the ventromedial
prefrontal cortex.” (submitted 1 March 2013).

2. Takahashi, Hidehiko (+ 15 coauthors). “Norepinephrine in the
brain is associated with aversion to financial loss.” Molecular
Psychiatry, 18: 3-4, 2013.

3. Yamada, M, Takahashi, H, Camerer, C. F., Kato, M. Fujie, S., Ito H,, Su-
hara, T. “Neural circuits in the brain that are activated when mitigat-
ing criminal sentences.” Nature Communications 27 Mar 2012, 1-6.

4. Wu, Daw-An, Stephanie Wang, Shin Shimojo, and Colin F.
Camerer. “Shared attention reduces visual hindsight bias” Psy-
chological Science, 23(12): 1524-33, 2012.

5. Izuma, Keise, Kenji Matsumoto, Colin F. Camerer, Ralph
Adolphs. “Insensitivity to social reputation in autism” PNAS
2011, 108 (42) 17302-17307.

6. Takahashi, Hidehiko (+ 13 coauthors including C. Camerer),
Tetsuya Suhara. “Dopamine D1 receptor density correlates
with nonlinear probability weighting in risky choice.” ] Neuro-
science December 2010, 30(49): 16567-16572.

7. Schlicht, Erik J., Shinsuke Shimojo, Colin F. Camerer, Peter
Battaglia and Ken Nakayama. “Human wagering behavior de-
pends on opponents’ faces” 2010 PLoS ONE 5(7): e11663.

8. Martin Chris, Rahul Bhui, Peter Bossaerts, Tetsuro Matsuzawa,
Colin F. Camerer “Chimpanzees behave as game-theoretically
as humans in simple competitive interactions” (submitted 1
Feb 2013) [this collaboration was facilitated by GCOE contact
with Prof. Matsuzawa during trips to Japan]

These are articles that arose from collaboration between

Caltech GCOE members (which were catalyzed by our discus-

sion of scientific ideas during GCOE):

1. Alison Harris, Colin F. Camerer, Ralph Adolphs, Antonio Ran-
gel. “Dynamic construction of stimulus values in the ventro-
medial prefrontal cortex.” PLoS One 2011, 6(6): e21074.

2. DeMartino, Benedetto, Colin F. Camerer and Ralph Adolphs.
“Amygdala damage abolishes loss-aversion” PNAS February
2010, 107(8): 3788-3792.
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3. Krajbich, Ian, Ralph Adolphs, Daniel Tranel, Natalie Denburg,
Colin F. Camerer. “Economic games quantify diminished sense
of guilt in patients with damage to the prefrontal cortex” Jour-
nal of Neuroscience Feb 2009, 29(7): 2188-2192.

Books and other publications

1. Camerer, Colin and Alec Smith. “The cognitive hierarchy ap-
proach to strategic thinking in games” In Holyoak and Mor-
rison (Eds.), Oxford Handbook of Thinking and Reasoning,
Oxford University Press, May 2013.

2. Bhatt, Meghana and Camerer, Colin. “The cognitive neurosci-
ence of strategic thinking” in J. Decety and J. Cacciopo (Eds.),
Handbook of Social Neuroscience, 2011.

3. Camerer, “The case for mindful economics’, in A. Caplin and
A. Schotter (Eds.), The Foundation of Positive and Normative
Economics: A Handbook, Oxford University Press, 2010.

4. Camerer, “Neuroeconomics: Measuring cognition and brain
activity during economic decision making” in E. Michel-Kerjan
and P. Slovic (Eds.), The Irrational Economist: Making Deci-
sions in a Dangerous World, Public Affairs, 2009.

Invited lectures

2010 Berkeley Marketing Conference on Behavioral economics, April 2010.

Plenary lectures to academic groups :

Feb. 2013 Asian-Pacific ESA, Tokyo

Sep. 2012 Game theory tutorial for neuroscientists, Society for
Neuroeconomics, Key Biscayne FL

Aug. 2012 Game Theory Society, Istanbul

Jul.-Aug. 2012 Singapore Behavioral Economics Camp

Jun. 2012 Plenary talk ; Keynote Lecture, AAMAS Valencia Spain
MIT Collective Intelligence

Nov. 2011 Panel on Experimental Economics, LACEA Chile

Mar. 2011 Sumerlin Lecture, Johns Hopkins

Sep. 2010 Neuroscience (Tokyo)

Apr. 2010 Distinguished Decision Processes Seminar, Penn Marketing

Dec. 2009 Stanford Neuroscience

May 2009 College de France symposium

May 2009 Neuroeconomics” (Johns Hopkins)

Conference presentations
See Plenary lectures above
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RESEARCH TITLE: SOCIAL COGNITION AND THE AMYGDALA

KEYWORDS: social cognition, emotion, amygdala, fMRI, lesions, intelligence, autism

SUMMARY OF RESEARCH

Overview

My laboratory investigates the social brain in humans.
We have been studying social cognition using lesion
patients, fMRI, and intracranial recordings in surgical
patients. For the past 7 years we have also been
studying disorders of social cognition in two clinical
populations: people with autism, and patients with
agenesis of the corpus callosum. The main research

questions are:

(1) what are the mechanisms (processes) for social
cognition? How do we go from the information in,
e.g., a facial expression we see on another person, to
making inferences about their feelings and regulating
our social behavior? To answer this question, we must
dissect the components of this complex process. We do
this in experiments that try to isolate specific processes
and measure them in fMRI, or that disrupt specific

processes through focal brain lesions.

(2) what does the amygdala do? This question is
important for understanding social cognition, because
the amygdala is one of the critical structures for social
perception, social attention, and reward learning. We
have been investigating this question primarily by

testing rare patients with lesions of the amygdala.

(3) how does decision-making in economic and
political behavior depend on the social brain? We are
approaching this question through collaboration with
neuroeconomists, using fMRI as well as testing lesion

patients.

(4) what is impaired in autism? We are investigating

this question by testing patients who have a psychiatric

diagnosis of autism.

CONTRIBUTION TO THE GCOE AND
TAMAGAWA UNIVERSITY COLLABORATION

In the past five years, funding from the GCOE grant
and intellectual exchange with faculty and students
from Tamagawa University has been highly helpful in
our studies of the social brain. We have visited Japan
several times, and researchers and students from
Tamagawa University have visited Caltech. We have
discussed collaborative research on the social brain
with several people, and new ideas and new research
projects have arisen from the collaboration. Specifically,

we have had the following collaborations:

(1) research collaboration with Professor Masamichi
Sakagami. Together with a Japanese post-doctoral
fellow at Caltech, Dr. Naotsugu Tsuchiya (now faculty
at Monash University in Australia), we have been
in collaboration with Dr. Sakagami’s laboratory to
investigate aspects of consciousness through recording

from the brain of monkeys. This project began in 2009.

(2) research collaboration with Professor Kenji
Matsumoto. We have interacted with Dr. Matsumoto, as
well as with his wife, Professor Madoka Matsumoto, on
several visits, and they have spent extended time also at
Caltech (hosted by Prof. John O'Doherty). Prof. Adolphs
and Matsumoto co-organized a joint Caltech-Tamagawa
symposium on the social brain in Japan. As part of this
collaboration, we now have a paper under submission

also (Aoki et al., submitted).

(3) research collaboration with Dr. Keise Izuma. Dr.

[zuma was a student at Tamagawa University. He then
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visited my laboratory at Caltech from April, 2010, until
March, 2012 under his own independent fellowship
from Japan and in 2012 obtained a prestigious
fellowship from the Japan Society for the Promotion of

Science Fellows.

(4) research collaboration with Dr. Ryuta Aoki. Dr. Aoki
is a student of Professor Matsumoto who collaborated
with Ralph Adolphs and Colin Camerer at Caltech on a
study that we have recently submitted. The study was
an fMRI study, conducted at Tamagawa University, that
investigates social equality. Dr. Aoki is now visiting
Caltech for a year, hosted jointly by Professors Camerer
and Adolphs.

(5) several additional collaboration possibilities with
students from Tamagawa University. During their
several visits to Caltech, we have discussed possibilities
for research collaboration, exchanged many ideas
and experimental designs, and several students from
Tamagawa University have been in email contact with
myself and with students in my laboratory at Caltech.
There is great continued interest in collaborations

between Caltech and Tamagawa University.

(6) long-term and world-wide research interactions.
Catalyzed by this GCOE grant, it is now easy to interact
whenever we meet at conferences anywhere in the
world. For instance, I recently again met Professors
Sakagami and Matsumoto, as well as students from
Tamagawa University, at the 2012 annual meeting of
the Japan Psychological Association, and participated
with them in joint symposia there. I together with other
Caltech faculty have also been introduced, through
Tamagawa-Caltech symposia and visits, to many other
researchers in Japan.

FUTURE WORK OF

RESEARCH COLLABORATION

AFTER THE TERMINATION OF GCOE

The future work of research will continue collaborations
with Tamagawa University, and through them, also
other laboratories in Japan. Some main future projects

over the next 2 years will include:

(1) studies using intracranial recordings from surgical

102

patients. We are currently conducting this research
with 3 hospitals in California, and my former post-
doc, Naotsugu Tsuchiya, has begun collaborations with

neurosurgeons in Japan as well as Australia.

(2) high-resolution MRI imaging. We are developing
new methods at Caltech, that can also be shared with
researchers at Tamagawa University (they have the
same brand of MRI machine as we do). Some of the
methods are for examining the connectivity of the brain,
a very important research question. This uses a method
called diffusion imaging, which can trace white matter
connections in the living brain. Our MR physicist, Dr.
Mike Tyszka, has visited Tamagawa University to help

implement new imaging there.

(3) interdisciplinary collaborations. One of the main
topics for all future science will be collaborations
that cut across disciplines. We are doing this now by
collaborating with neuroeconomists. The collaboration
with Tamagawa University also will enhance
interdisciplinary research studies. To understand
the social brain, we will need researchers to come
together from backgrounds including computer
science, neurobiology, economics, psychology, and
other sciences. Of great interest to us also has been the
introduction, through gCOE interactions, to Professor
Tetsuro Matsuzawa and the opportunity to conduct
work across not only monkeys and humans, but even
chimpanzees. Professors Ralph Adolphs and Colin
Camerer from Caltech have both visited the Primate

Research Institute that Prof. Matsuzawa directs.
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J. Tyszka, D. Kennedy, L. Paul, R. Adolphs (in press). “Largely
typical patterns of resting-state functional connectivity in high
functioning adults with autism.” Cerebral Cortex (in press).

R. Adolphs (2013). “The Biology of Fear.” Current Biology
23: R79-R93.

D. Kennedy, R. Adolphs (2012). “Perception of emotions from
facial expressions in high-functioning adults with autism.”
Neuropsychologia 50: 3313-3319.

D. Kennedy, R. Adolphs (2012). “The social brain in psychiatric and
neurological disease.” Trends in Cognitive Sciences 16: 559-572.
A. Lin, A. Rangel, R. Adolphs (2012). “Impaired learning of
social compared to monetary rewards in autism.”

Frontiers
in Human Neuroscience 6:143.

R. Bryan, P. Perona, R. Adolphs (2012). “Perspective distor-
tion from interpersonal distance is an implicit visual cue for

social judgments of faces.” PLoS One 7: e45301.

J. Glaescher, R. Adolphs, H. Damasio, A. Bechara, D. Rudrauf,
M. Calamia, LK. Paul, D. Tranel (2012). “Lesion mapping of
cognitive control and value-based decision-making in the pre-
frontal cortex.” PNAS 109: 14681-14686. PMID: 22908286
L. Vijayaraghavan, R. Adolphs, D. Kennedy, M. Cassell, D.

Tranel, S. Paradiso (2012). “A selective role for right insu-
la-basal ganglia circuits in appetitive stimulus processing.”
Social Cognitive and Affective Neuroscience doi:10.1093/
scan/nss077. PMID: 22798397.

H. Kawasaki, N. Tsuchiya, C. Kovach, K. Nourski, H. Oya, M.A.
Howard, R. Adolphs (2012). “Processing of facial emotion in

the human fusiform gyrus.” Journal of Cognitive Neurosci-
ence 24: 1358-1370.

V. Gazzola, M. Spezio, F. Castelli, J. Etzel, R. Adolphs, C. Key-
sers (2012). “Primary Somatosensory Cortex Discriminates
Affective Significance in Social Touch”. PNAS 109:E1657-66.
C. Kovach, N, Daw, D. Rudrauf, D. Tranel, J. O'Doherty, R.
Adolphs (2012). “Anterior prefrontal cortex contributes to ac-

tion selection through tracking of recent reward trends.” The
Journal of Neuroscience 32: 8434-8442. PMID:22723683

R. Adolphs and M. Spezio (2012). “Social Behavior” In: Neu-
roscience in the 21st Century, Chapter 78. Springer Verlag

(online encyclopedia).

S. Wang, 1. Krajbich, R. Adolphs, N. Tsuchiya (2012). “The role
of risk aversion in non-conscious decision making.” Frontiers
in Psychology 3: article50.

Lin, K. Tsai, A. Rangel, R. Adolphs (2012). “Reduced social
preferences in autism: evidence from charitable donations”.
Journal of Neurodevelopmental disorders 4:8

R. Adolphs, V. Janowski (2011). “Emotion Recognition.”
Chapter 16 in Oxford Handbook of Social Neuroscience. J.

Decety & J.T. Cacioppo, eds. New York: Oxford University
Press, pp. 252-264.

C.K. Kovach, N. Tsuchiya, H. Kawasaki, H. Oya, M.A. Howard,
R. Adolphs (2011). “Manifestation of ocular-muscle EMG
contamination in human intracranial recordings.” Neuroimage
54:213-233.

R. Adolphs (2010), “Emotion”.
552. (Primer)

. L. Pessoa, R. Adolphs (2010). “Emotion processing and the

Current Biology 20: R549-

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.
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amygdala: from a “low road” to “many roads” of evaluating
biological significance.” Nature Reviews Neuroscience
11:773-782. NIHMSID 263204.

D. P. Kennedy, R. Adolphs (2010). “Impaired fixation to eyes
following amygdala damage arises from abnormal bottom-up
attention.” Neuropsychologia 48: 3392-3398.

LK. Paul, C. Corsello, D. Tranel, R. Adolphs (2010). “Does
bilateral damage to the human amygdala produce autistic

symptoms?” Journal of Neurodevelopmental Disorders 2:
165-173. NIHMSID 263203.

R. Adolphs (2010). “What does the amygdala contribute to
social cognition?” Annals of the New York Academy of Sci-

ences: The year in Cognitive Neuroscience 2010. Ann NY
Acad Sci. 1191: 42-61.

R. Adolphs (2010). “Conceptual challenges and directions
for social neuroscience.” Neuron 65: 752-767.
PMC2887730.

K. Mattes, M. Spezio, H. Kim, A. Todorov, R. Adolphs, R.M.
Alvarez (2010). “Predicting election outcomes from positive
and negative trait assessments of candidate images.” Political
Psychology 31: 41-58.

J. Glaescher, D. Rudrauf, R. Colom, L.K. Paul, D. Tranel, H.
Damasio, R. Adolphs (2010). “The distributed neural system
for general intelligence revealed by lesion mapping.” PNAS
107: 4705-47009.

B. de Martino, C.F. Camerer, R. Adolphs (2010). “Eliminated loss
aversion following amygdala damage.” PNAS 107: 3788-3792.
K. Knutson, F. Krueger, M. Koenigs, A. Hawley, J. Escobedo, V.
Vasudeva, R. Adolphs, J. Grafman (2010). “Behavioral norms
for condensed moral vignettes.” Social Cognitive and Affective
Neuroscience 5: 78-384.

J. Escobedo, R. Adolphs (2010). “Becoming a better person:

temporal remoteness biases autobiographical memories for
moral events.” Emotion 10:511-518.

C. Philippi, S. Mehta, T. Grabowski, R. Adolphs, D. Rudrauf
(2009).
recognition of the facial expression of emotion.” The Journal
of Neuroscience 29: 15089-15099.

R. Adolphs, M. Spezio (2009). “Social Cognition.” In:
Handbook of Neuroscience for the Behavioral Sciences,
Volume 2. G.G. Berntson & J.T. Cacioppo, eds. (New York:
Wiley and Sons). pp. 923-939.

Buchanan, T.W., Tranel, D., & Adolphs, R. “The human
amygdala and social function” (2009) In: P. Whalen and
L. Phelps (Eds.), The human amygdala, New York: Oxford
University Press (2009). pp. 289-320.

M. Spezio and R. Adolphs (2009). “Emotion, Cognition and
Belief: Findings from Cognitive Neuroscience.” In: Macquarie

“‘Damage to association fiber tracts impairs

Monographs in Cognitive Science, Delusion and Self-
Deception, pp. 87-106. Tim Bayne and Jordi Fernandez, eds.
New York: Psychology Press 2009.

L. Young, F. Cushman, R. Adolphs, D. Tranel, M. Hauser.
“Does emotion mediate the relationship between an action’s

moral status and its intentional status? Neuropsychological
evidence.” Journal of Cognition and Culture (in press).

M. Koenigs, R. Adolphs (2009). “Emotion and Consciousness.”

In: The Cognitive Neurosciences, 4th Edition. M.S.
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34.
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39.
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41.

42.

43.

44.

45.

46.

Gazzanniga, ed. MIT Press. pp. 1181-1190.

E.L. Johnsen, D. Tranel, S. Lutgendorf, R. Adolphs (2009). “A
neuroanatomical dissociation for emotion induced by music.”
International Journal of Psychophysiology 72: 24-33.

N. Tsuchiya, F. Moradi, C. Felsen, M. Yamazaki, R. Adolphs
(2009). “Intact rapid detection of fearful faces in the absence

of the amygdala.” Nature Neuroscience 12: 1224-1225.

D. Kennedy, J. Glaescher, J.M. Tyszka, R. Adolphs (2009).
“Personal space regulation by the human amygdala.” Nature
Neuroscience 12: 1226-1227.

S. Couture, D.L. Penn, M. Losch, R. Adolphs, R. Hurley, J.
Piven (2009). “Comparison of social cognitive functioning in

schizophrenia and high-functioning autism: more convergence

than divergence.” Psychological Medicine Aug 12: 1-11

(epub ahead of print).

J. Glaescher, D. Tranel, LK. Paul, D. Rudrauf, C. Rorden, A.
Hornaday, T. Grabowski, H. Damasio, R. Adolphs (2009).
“Lesion mapping of cognitive abilities linked to intelligence.”
Neuron 61: 681-691.

Krajbich, R. Adolphs, D. Tranel, N. Denburg, C. Camerer
(2009). “Economic games quantify diminished sense of guilt
in patients with damage to the prefrontal cortex.” The Journal
of Neuroscience 29:2188-2192.

R. Adolphs, E. Birmingham (in press). “The cognitive
neuroscience of social perception.” To appear in: A. Calder
& G. Rhodes, eds., “Handbook of Face Perception”, Oxford
University Press.

M. Losh, R. Adolphs, M. Poe, S. Couture, D. Penn, G. Baranek, J.
Piven (2009). “Neuropsychological profile of autism and the broad
autism phenotype.” Archives of General Psychiatry 66: 518-526.
R. Adolphs (2009). “The social brain: neural basis of social
knowledge.” Annual Review of Psychology, 60: 693-716.

N. Tsuchiya, H. Kawasaki, H. Oya, M.H. Howard, R. Adolphs
(2008). “Decoding face information in time, frequency and

space from direct intracranial recordings of the human brain.”
PLoS One 3: e3892.

R. Adolphs, M.L. Spezio, M. Parlier, J. Piven (2008). “Distinct
face processing strategies in parents of people with autism.”
Current Biology 18: 1090-1093.

M.L. Spezio, A. Rangel, RM. Alvarez, J.P. O'Doherty, K. Mattes, A.
Todorov, H. Kim, R. Adolphs (2008). “A neural basis for the effect
of candidate appearance on election outcomes.” Social Cognitive
and Affective Neuroscience, doi 10.1093/scan/nsn040.

R. Adolphs (2008). “Fear, faces and the human amygdala.”
Current Opinion in Neurobiology 18: 1-7.

Awards and Service:

2013 Distinguished Investigator Award, Society for Affective
and Social Neuroscience

2011  Presidency, Association for the Scientific Study of
Consciousness
2009-  Associate Editor, Psychological Science

2006-10 NIH Study Section for Cognitive Neuroscience
(Regular Member)

Invited Lectures:

1.
2.
3.

EFNS symposium lecture, Stresa, Italy. November 13, 2012
Grand Rounds, Neurology Dept., University of lowa. Oct. 23, 2012.
Visiting lecture, Hong Kong University of Science and Tech-
nology. Sept. 21, 2012,
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10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27

28.

29.

30.
31.

32.
33.
34.

Keynote, Japan Psychological Association. Tokyo, Japan.
Sept. 12, 2012.

Invited lecture, University of Maryland summer course (Na-
than Fox, organizer). June 26, 2012.

The Brain Salon, Seattle, (Pat Kuhl, organizer). April 19, 2012.
Psychology Colloquium, UCLA, April 5, 2012.

Social Affective Neuroscience meeting, Buenos Aires, Argen-
tina, Dec. 19, 2011.

South American Social Neuroscience meeting, Santiago, Chile,
Dec. 16, 2011.

Human Brain Recordings meeting, New York, NY, November
11,2011.

Invited speaker, Brain, Evolution and Culture seminars. UCLA.
September, 2011.

Invited speaker, summer course in social cognition. Cam-
bridge, UK. August, 2011.

Presidential lecture, ASSC annual meeting. Kyoto, Japan.
June, 2011.

Speaker, Symposium on social reward. IMFAR annual meet-
ing, San Diego. May, 2011.

Invited Lecture, Society for Social Neuroscience, Utrecht,
Netherlands. March, 2011.

Cognitive Neuroscience Seminar, UC Irvine. March, 2011.
Social Neuroscience Society, Keynote. (Utrecht, NL). March
21,2011.

Southern California Cognitive Neuroscience Society, Keynote.
March 11, 2011.

University of Southern California, Annual Neuroscience Day.
January 14, 2011.

American Psychological Association, Invited Symposium. Au-
gust 14, 2010.

Purdue University, Dept. of Psychology lecture. April 22,
2010.

Yale University, Dept. of Psychology endowed lecture. April 7,
2010.

Waisman Center Lecture, Madison, Wisconsin, October 2009.
Japan Neuroscience Meeting, Nagoya, Invited Lecture,
September 2009.

Invited Lecture, RIKEN Summer Course, Tokyo, Japan, July
2009.

Gordon Research Conference, Bangor, Maine, July 2009.

. Invited Lecture, American Psychological Society Annual

Meeting, San Francisco, May, 2009.

Psychology colloquium, Dept. of Psychology, Princeton
University. January 2009.

Neuroscience Program Lecture, Claremont Colleges.
November 2008.

Watson Lecture, Caltech. October 2008.

National Awareness Lecture, NARSAD (USC Health Sciences
Campus). September 2008.

Invited Lecture, Stanford University Psychology Dept. April 2008.
Colloquium, NIH, Bethesda MD. April 2008.

Invited Lecture, BIAL Foundation, Porto, Portugal. March
2008.

Conference presentations:

1.

R. Nair, JM. Tyszka, R. Adolphs, LK. Paul (2013). Lateralized
brain function without a corpus callosum. International
Neuropsychological Society annual meeting.

LK. Paul, C. Corsello, D.P. Kennedy, R. Adolphs (2013). Autism
spectrum in agenesis of the corpus callosum. International



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Neuropsychological Society annual meeting.

D. Stanley, C.A. Hutcherson, R. Adolphs (2012). A novel
paradigm for investigating the neural and computational
mechanisms of theory of mind. Society for Neuroscience
Annual Meeting presentation 695.22

R. Aoki, M. Matsumoto, Y. Yomogida, K. [zuma, K. Murayama,
A. Sugiura, C.F. Camerer, R. Adolphs, K. Matsumoto (2012).
Neural correlates of the reward value for number of
choice options. Society for Neuroscience Annual Meeting
presentation 629.04.

S. Wang, O. Tudusciuc, A. Mamelak, I. Ross, R. Adolphs,
U. Rutishauser (2012). Neurons in the human amygdala
selective for perceived emotion. Society for Neuroscience
Annual Meeting presentation 391.04.

K. Izuma, R. Adolphs (2012). Social manipulation of
preference in the human brain. Society for Neuroscience
Annual Meeting presentation 129.03.

J.M. Kaplan, W.S. Brown, R. Adolphs, L.K. Paul (2012).
Psychological profile in agenesis of the corpus callosum.
Society for Neuroscience Annual Meeting presentation 98.19.
S. Takahashi, R. Adolphs (2012). Characterization of viewing
experience from 2D and 3D stereoscopic images. Society for
Neuroscience Annual Meeting presentation 264.02.

R. Nair, JM. Tyszka, R. Adolphs, LK. Paul (2012). Lateralized
brain function without a corpus callosum. Annual meeting of
the International Neuropsychological Society.

A. Gharib, D. Mier, R. Adolphs, S. Shimojo (2011). Gaze and
preference decision-making in autism. ASSC 2011 (Kyoto).

R. Adolphs, A. Lin, A. Rangel (2011). Testing deficits in
processing social rewards in high functioning people with
autism. IMFAR 2011 (invited seminar).

0. Tudusciuc, R. Adolphs (2011). Context-dependent emotion
recognition in autism. IMFAR 2011.

D. Neumann, L.K. Paul, JM. Tyszka, R. Adolphs, D.P. Kennedy
(2011). Functional connectivity across cerebral hemispheres
is decreased in autism. IMFAR 2011.

LK. Paul, C. Corsello, D. Kennedy, D. Childress, R. Adolphs
(2011). Autism symptomatology in primary agenesis of the
corpus callosum. IMFAR 2011.

U. Rutishauser, O.Tudusciuc, D. Neumann, A. Mamelak, A.C. Heller,
B. Ross, R. Adolphs (2011). Single-neuron correlates of abnormal
face processing by the amygdala in autism. IMFAR 2011.

D. Kennedy, B. Cheng, C. Holcomb, R. Adolphs (2011).
Perception of emotions from facial expressions in high-
functioning adults with autism. IMFAR 2011.

A. Gharib, D. Mier, R. Adolphs, S. Shimojo (2011). Preference
choices and gaze to faces in high-functioning autism. IMFAR
2011.

G. Yucel, M. Parlier, R. Adolphs, A. Belger, J. Piven (2011). A
distinct face-processing style in the broad autism phenotype
revealed with fMRI. IMFAR 2011.

L. Montaser-Kouhsari, R. Adolphs, C. Koch, A. Rangel (2011).
The vmPFC computes values at the time of decision-making
even without conscious awareness of the stimuli. Annual
meeting of the Cognitive Neuroscience Society (San Francisco).
A. Gharib, D. Mier, R. Adolphs, S. Shimojo (2011). Gaze and
preference decision making in autism. VSS 2011.

J.C. Krczek, M.C. Duff, U. Jensen, R. Adolphs, N.J. Cohen, D.
Tranel (2010). Hippocampal amnesia impairs the generation
of mental representations across al time periods. Soc
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Neurosci Abstr 600.8.

0. Tudusciuc, R. Adolphs (2010). Context-dependent emotion
recognition in autism. Soc Neurosci Abstr 307.17

AM. Harris, R. Adolphs, C.F. Camerer, A. Rangel (2010). The
time course of value computations at the time of decision-
making. Soc Neurosci Abstr 96.8

J.P. Glaescher, M. Calamia, LK. Paul, D. Rudrauf, A. Bechara, D.
Tranel, H. Damasio, R. Adolphs (2010). Delineating prefrontal
cortex with lesion analyses of tests of executive functions.
Soc Neurosci Abstr 96.1

N. Tsuchiya, J. Chung, D. Eilashiv, R. Adolphs, A. Mamelak (2010).
Visual consciousness tracked with direct intracranial recording
from primary visual cortex in humans. COSYNE 2011.

JM. Tyszka, LK. Paul, R. Adolphs (2011). BOLD resting state
networks in adults with complete callosal agenesis. ISMRM
abstract 6145.

G. Yucel, M. Parlier, R. Adolphs, A. Belger, J. Piven (2010).
Face processing in the broad autism phenotype: an fMRI
study. Biological Psychiatry 67: 43S.

LK. Paul, M.W. Bridgman, W.S. Brown, M.L. Spezio, R. Adolphs
(2010). Facial emotion recognition in primary agenesis of the
corpus callosum. International meeting for autism research.
D. P. Kennedy, J. N. Constantino, R. Adolphs (2010). Personal
space and interpersonal distance in autism: insights from the
SRS. International meeting for autism research.

S.R. Pazienza, W.S. Brown, R. Adolphs, LK. Paul (2010). Social
Responsiveness in agenesis of the corpus callosum and high-
functioning autism. Annual Meeting of the International Neu-
ropsychological Society.

E. Birmingham, M. Cerf, R. Adolphs (2010). Eyetracking to
social scenes: comparisons between amygdala lesions and
autism. Annual Meeting of the Cognitive Neuroscience Society.
Lin A, Adolphs R, Rangel A. (2009). Common neural
substrates for the value computations associated with social
and non-social reward. Poster presented at: Society for
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During the course of the grant we have made major
progress in pushing our understanding of the func-
tions of different components of the reward system in
reward-related learning and decision-making and in so-

cial-learning and decision-making.

In particular, we have made major progress in the fol-
lowing areas.

(1) Determining the functions of the ventromedial pre-
frontal cortex in value computations (2) Determining
the role of the anterior cingulate cortex in value-based
decision-making (3) Further characterizing the compu-
tational role of reward prediction errors and other pre-
diction errors in reward-learning. (4) Determining the
computational role of the superior temporal sulcus, me-
dial prefrontal cortex and ventromedial prefrontal cor-
tex in social cognition. (5) Determining the role of the
ventral striatum and amygdala in mediating the effects

of Pavlovian predictions on instrumental performance.

(1) Determining the functions of ventromedial prefron-
tal cortex in value computations

Perhaps one of the major contributions to the litera-
ture we have been able to make in the course of the
GCOE funding has been in establishing the role of the
ventromedial prefrontal cortex and ventral striatum
in encoding value computations. In particular, in a
number of studies funded by the grant, we have been
able to show that the ventromedial prefrontal cortex is
involved in computing values using knowledge of the
structure of the decision task, or a model of the state-
space and transition probabilities in computational
reinforcement-learning parlance. In work done in col-

laboration with Antonio Rangel (much of which will be

described in more detail under his section), we have
established that the vmPFC is specifically involved in
encoding goal-values at the time of decision-making
- essentially encoding how good or bad a particular
outcome is likely to be at the time of decision-making.
Such a signal is likely a critical input into the decision-
making apparatus. We further showed that this signal
appears to encode a common currency, in that the same
region of vmPFC is found to correlate with goal-values
even if those goals correspond to very different types of
goods such as a monetary gamble, a food reward or a

non-consumable consumer item such as a DVD.

In addition to encoding goal-values we have also found
a key role for the vmPFC in encoding post-decision
signals called “chosen values”. Such signals reflect the
value of the action or goal outcome ultimately selected
by the participants and are hence are not inputs into
the decision-process but rather consequences thereof.
One possible function of such a signal is as an input
needed to generate prediction error signals that are in
turn used to incrementally update value signals car-
ried by dopamine neurons projecting to the striatum
(Wunderlich et al., 2009).

We further showed that value signals in the vimPFC are
not contingent on motor responses being available at
the point of decision-making but rather emerge even if
no specific motor response is made available to the par-
ticipant (Wunderlich et al., 2010). This finding suggests
that the value code in vmPFC is in the space of goals

and outcomes and not in the space of motor codes.

In further work, we have examined the function of
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vmPFC in encoding values in a hierarchical decision-
making problem where there are multiple dimensions or
attributes to a stimulus that provide information about
whether choice of that stimulus is likely to lead to a re-
warding outcome. For example, a stimulus might have
both shape and color properties, both of which need to
be evaluated in order to determine whether that stimulus
is rewarded. In order to solve such a problem it is nec-
essary to have a computational algorithm that is able to
separately learn about the reward probabilities assigned
to each separate stimulus dimension. Somehow these
different probabilities then need to combined in order to
guide choice. Here we investigate two possible ways the
brain might do this. Firstly, a sequential strategy would
be to make a decision about each dimension separately;
that is decide which color (out of several options) should
be selected, and then focusing on only those stimuli with
the relevant color, subsequently decide which shape
should be selected. This sequential strategy is however,
not optimal, because once the subject decides on a par-
ticular exemplar within a dimension they are discarding
other information about the rewards available for other
categories within that dimension. Another way to solve
this problem is to use a “Bayesian” integration strategy,
where information about reward from every dimen-
sion is integrated in order to make a single decision. In
other words probabilities are assigned to the likelihood
of every possible component of the problem being the
“rewarded option”, and these probabilities are used to
estimate a choice strategy on each trial. Here we apply
computational models corresponding to each of these
possible strategies to neuroimaging data acquired while
subjects solve such a task, and we test which of these
strategies are being implemented in the brain. Our find-
ings indicate that human prefrontal cortex appears to use
the more optimal Bayesian strategy as opposed to the
simpler (and less computationally demanding) sequential

strategy.

(2) Determining the role of the anterior cingulate cor-
tex and adjacent dorsomedial prefrontal cortex in val-
ue-based decision-making

In a paper published in PNAS in 2007, we used for the
first time a new technique called multivariate pattern

analysis in the context of decision-making. This tech-
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nique can discover the presence of information across
distributed voxel activity in the brain related to perfor-
mance of a particular task or cognitive process. Such
tools can be used to test whether signals in particular
parts of the brain are predictive of the ultimate behav-
ioral choice generated by a human subject whose brain is
being scanned. Taking this approach, we found evidence
to suggest that the dorsomedial prefrontal cortex incor-
porating the anterior cingulate cortex contains signals
that are predictive of the ultimate decision made by par-
ticipants on a value-based decision-making task. Out of
all the regions that were correlated with the subsequent
decision, the anterior cingulate cortex contained the
hightest predictive accuracy for the subsequent decision,
suggesting it likely pays a key role in the decision pro-
cess itself. Following up this finding in 2009, Wunderlich
et al,, found that this region appears to play a specific
role in the decision process by comparing the expected
values of different available options, which is the main
computation needed in order to establish which option is

better and should therefore be chosen.

In subsequent work by Todd Hare in collaboration with
Antonio Rangel also published in PNAS we showed that
activity in this region in fact corresponds to the compu-
tations generated by a class of computational models
called drift diffusion processes which provide a precise
quantitative account of how neural systems might com-

pare options in order to generate decisions.

More recently, we have taken our findings on the role
of the dmPFC in decision making into a social con-
text, and examined the role of this region in rendering
rapid evaluations about other people who are being
evaluating for their potential as romantic partners. We
found that activity in dmPFC in response to pictures of
potential dates was ultimately significantly predictive
of whether or not the individual being scanned wanted
to subsequently date the individual after meeting them
for a 5 minute speed date. Note, that the activity in the
scanner was measured only in response to pictures of
the individuals but before they the same individuals for
a date (which happened up to 2 weeks later). Neverthe-
less, activity in dmPFC was significantly predictive of

the outcome of the subsequent date. This data provides



evidence that dmPFC may play a very general role in
helping us make evaluations about the world about us,

including in social contexts.

(3) Further characterizing the computational role of
reward prediction errors and other prediction errors in
reward-learning

As the recent economic downturn has shown, the at-
titude we adopt to risk while making decisions can
have major consequences. Sensitivity to risk (defined
here as the variance associated with an outcome), is
a well- established phenomenon central to models of
decision-making in economics, ethology and neurosci-
ence. However, the mechanisms by which risk comes to
influence the decision process are as yet unknown. We
must normally learn about outcomes from experience,
through trial and error using reinforcement learning.
Traditional models of such reinforcement learning focus
on learning about the mean value of payoffs, and ignore
variance. We used fMRI to test whether the neural cor-
relates of human reinforcement learning are sensitive to
experienced risk. Our analysis focused on anatomically
delineated regions of a- priori interest in the nucleus ac-
cumbens, where BOLD signals have been suggested as
correlating with reinforcement-learning derived reward
prediction errors. We first provided unbiased evidence
that the raw BOLD signal in these regions corresponds
closely to a prediction error signal. We then derived
from the accumbal prediction error signal the learned
values of cues that predict rewards of equal mean but
different variance. Our results show that these values
are indeed modulated by experienced risk, and that
a close neurometric-psychometric coupling exists be-
tween the fluctuations of the experience-based evalu-
ations of risky options that we measured neurally, and
the fluctuations in behavioral risk aversion. This sug-
gests that risk sensitivity is integral to human learning,
illuminating economic models of choice, neuroscientific
models of affective learning, and the workings of the

underlying neural mechanisms.

However, in spite of the appeal of simple reinforce-
ment-learning models such as those described above,
there is also accumulating evidence to suggest that

the human brain in addition uses a more sophisticated

type of learning process called model-based RL. In
model-based RL, an agent uses experience with the se-
quential occurrence of situations (‘states”) of the world
to build a model of the environment and then evaluates
actions by searching the model. This latter model-based
approach also requires a prediction error, which is used
not to learn about expected future reward, but instead
to learn predictions about the transitions between
different states in the world. Using fMRI while human
subjects performed a sequential, probabilistic Markov
decision task we found evidence for the existence of
a state-prediction error in the brain, in addition to the
previously well characterized reward prediction error
signal. The state prediction error was present in in-
traparietal sulcus and inferior frontal gyrus, and was
clearly dissociable from the reward prediction error lo-
cated predominantly in ventral striatum. These findings
provide evidence for the existence of two unique forms
of learning signal in humans, which may form the basis
of distinct computational strategies for guiding behav-

ior.

(4) Determining the computational role of the superior
temporal sulcus, medial prefrontal cortex and ventrome-
dial prefrontal cortex in social cognition

Neuroscientists and psychologists have long invoked
concepts such as ‘mentalizing’ or ‘theory of mind’ to de-
scribe the capacity to represent the intentions of others.
However, the core computational processes underlying
this capacity have remained vague and ill-defined. Mor-
eoever, while a number of specific brain regions have
been implicated in this ability such as medial prefron-
tal cortex, the literature to date has succeeded only in
defining ‘what’ areas are activated during tasks likely
to depend on mentalizing, but have yet to characterize
‘how’ these areas actually implement these computa-
tions. In this project funded by the GCOE foundation we
have taken two major steps. First, we extended a simple
computational models of learning into the strategic do-
main, and built a novel computational algorithm called
‘the influence model’ which describes how people learn
to make predictions about the actions and intentions
of their opponent, arguably a core feature of mentaliz-
ing. Secondly, we applied this model to fMRI data from

subjects’ participating in such a two player competitive
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game. We were able to show that different components
of the network of brain regions previously identified as
being involved in mentalizing or theory of mind have
specific computational functions during this inference
process. In our view, this is a major development in neu-
roeconomics and social neuroscience, because it brings
for the first time a precise computational characteriza-
tion of the functions of brain areas thought to play a role

in ‘mentalizing’ and higher order strategizing.

In a further experiment we explored whether subjects’
neural responses to receiving money and giving money
to others can be modulated by social context. More spe-
cifically we created a discrepancy in the wealth of two
subjects by paying one subject a large lump sum ($100),
and paying the other subject nothing. We then tested
for neural responses in each subject using fMRI while
they evaluated monetary payoffs to either themselves
alone, the other person alone or to a combination of
both. The hypothesis is that subjects who are “‘poor’ will
evaluate transfers to the opponent negatively (inequity
aversion), whereas subjects who are ‘rich’ may evaluate
transfers to their opponent positively (due to altruism).
We showed for the first time that neural responses in
ventromedial prefrontal cortex and ventral striatum
to the value of the potential outcomes received by the
self and other reflect strong modulation as a function
of the wealth discrepancy: value signals to other were
enhanced in the “rich” subjects, while value signals to
self were somewhat reduced relative to “poor” subjects,
while the opposite was the case in the “poor” subjects:
value signals to self were greater, and the value of

transfers to the other were ranked negatively.

(5) Determining the role of the ventral striatum and
amygdala in mediating the effects of Pavlovian predic-
tions on instrumental performance.

In another body of work we explore the role of a circuit
involving the amygdala and the ventral striatum in me-
diating the effects of Pavlovian cues that predict reward
on instrumental action selection for reward. Broadly
this phenomenon is described as “Pavlovian to instru-
mental transfer” in the literature. We were the first to
show that a phenomenon called “specific” pavlovian

to instrumental transfer in which a pavlovian cue that
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predicts a specific outcome (such as e.g. chocolate chip
cookies) selectively modulates or invigorates choice of
the instrumental action associated with the same out-
come depends on a region of the human ventrolateral
striatum (Bray et al., 2008). In subsequent work, we
used a high-resolution scanning protocol to delineate
the functions of distinct parts of the human amygdala.
In doing so we were the first to demonstrate that a part
of the amygdala called the human basolateral amygdala
complex is also involved in the same form of specific
PIT described above while a different amydgala com-
plex called the centromedial complex is involved in a
different type of PIT in which Pavlovian cues energize
instrumental actions independently of the type of out-
come involved, called general-PIT. This double-disso-
ciation is the first report of its kind in the human and
indeed primate brains and confirms previous findings

established in the rodent literature.

In the above examples, a Pavlovian cue serves to facili-
tate or improve responding on an instrumental action.
However in some cases, Pavlovian predictions might
also exert adverse effects on instrumental behavior.
One example where we think this might happen is a
phenomenon described in the psychology literature
as “choking”. In “choking” when a particular task must
be performed under high pressure or high stakes
circumstances performance sometimes inexplicably
drops. For example, why is it that highly experienced
sports-people such as golfers sometimes miss very
easy shots in a high-stakes competition that they would
ordinarily be able to succeed at in their sleep, or why
is that superstar soccer players miss penalty kicks in
a competition finale, even though they can routinely
hit these shots on target while practicing? To address
this question we used fMRI, in conjunction with a novel
incentivized skill-task, to examine the neural processes
underlying behavioral responses to large compard to
smaller incentives. Consistent with previous behav-
ioral findings, in our study very relatively in our case
high incentive levels did not lead to increasingly better
behavioral performance but instead the paradoxical
consequence of worse performance. At the neural level
when participants were initially presented with the

amount of incentive available they were to work for,



ventral striatal activation increased with increasing in-
centives, consistent with previous research implicating
this area in processing expected future rewards; how-
ever when they performed the work itself, the striatum
deactivated in proportion to the magnitude of increas-
ing incentives. Critically, participants’ degree of striatal
deactivation during motor performance was also signifi-
cantly correlated with the degree to which behavioral
performance decrements occurred decrements. At a
computational level this pattern of neural activity led us
to hypothesize that moving from an anticipatory phase
to the motor performance phase involved a switch in
reference point from a gain frame to a loss frame such
that during motor performance participants focused
on the potential loss arising from failing to perform the
task successfully. The degree to which an individual is
averse to the prospect of such losses would according to
this hypothesis be predictive of behavioral performance
decrements. Confirming our hypothesis, significant
correlations were observed between the degree of ac-
tivity decrease in ventral striatum during performance
and a participants’ independently measured behavioral
loss aversion. Moreover, the extent to which partici-
pants’ exhibited performance decrements as a function
of increasing incentives was strongly correlated with
behavioral loss aversion. These findings suggest that
performance decrements in response to increasing in-
centives is driven in part by affective responses engen-
dered by the prospect of losing the incentive through
failure. We consider that the engagement of “aversive
affective responses” arises from the elicitation of Pav-
lovian processes, similar to that described in the studies

above, but where in this case the Pavlovian mechanisms

ACHIEVEMENTS RELATED TO

interfere with the production of the correct behavior as
opposed to facilitating the behavior.

CONTRIBUTION TO THE GCOE AND
TAMAGAWA UNIVERSITY COLLABORATION
The collaboration funded by this grant has enabled
us to pursue cutting edge and high-risk science that
would not have been fundable through traditional non
-collaborative mechanisms. The success of this work is
manifested in the high number of high quality publica-
tions that have arisen. Much of this work has emerged
through collaborations with other GCOE members at
both Caltech and Tamagawa-e.g. Shimojo, Adolphs, Sa-
kagami and Matsumoto. With regard to the Tamagawa
side, we have collaborated with Kenji Matsumoto, pro-
viding our expertise in the analysis of neuroimaging
experiments being conducted at Tamagawa. In addi-
tion, we have on-going collaborations with Masamichi
Sakagami. in which we are trying to combine monkey
neurophysiology data with human neuroimaging data
to establish the relationship between fMRI signals and
single-unit activity in dopaminoceptive brain areas, and
to gain insight into the mechanism by which animals
and humans can learn to prefer situations in which they
have had to exert effort and expend costs in the past.
FUTURE WORK OF

RESEARCH COLLABORATION

AFTER THE TERMINATION OF GCOE

In future we hope to be able to continue the collabora-
tion started by the GCOE mechanism with Tamagawa -
focusing in particular on trying to bridge the findings
from functional neuroimaging in humans with monkey
neurophysiology. Of particular interest is bridging results

from monkey fMRI with results from monkey neurophys-

GLOBAL COE PROGRAM
iology in areas such as the orbitofrontal cortex, as well as
bridging findings from monkey fMRI to human fMRL
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