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Can animal studies of the “reward” system useful?

*Defined by animal experiments with juice or food pellets. *Useless to understand
modern human behavior.

B RERICE D TEREN R I FTIIIRICIL A=A,

: - £100%, 22— Ry DEERIZHD,
Leisure time ¢ 0. Za—AVERVYIDREZHD

Teenagers are into;
movies, music, games, internet,
etc.

--> utterly mysterious.

SOURCE: Bureau of Labor Statistics
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Is perception inherently rewarding?
MERRE. TNEBETIHRMTHDSILEEZDD?

lateral prefrontal cortex

{
T

orbitofrontal cortex

(FRES AT ) *Does it also encode

| @77

lateral view

©iStockphoto.com/diane39
*OFC (BRErIZERE) encodes

the subjective value of juice.

vmalview  SUbjective value of watching
TV?

=N
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Monkey

ESEEZNHR

» Separate Work and Leisure periods 1)
— Work: Apple Juice or Water

— Leisure: 11 ‘channels’
* Next segment of current channel
e Switch to a segment of a new channel.

e Simultaneously record orbitofrontal (OFC) neurons
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Monkey S Monkey M

] Leisure Only
Leisure Only (N=26)

(N=93)

Both
(N=29)

HH
<d

Both
(N=66)

THNTEAJTNE

N St W

--> Common currency in the brain!
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Campos, Koppitch, Andersen & Shimojo, VSS’08 (MRI scans by Igor Kagan)
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Limbic system - the emotional brain

CINGULATE

CORPUS CALLOSUM
FORNIX

INDUSIUM GRISEUM

ORBITAL FRONTAL \

LOBE Ai

OLFACTORY BULB

k. IR, Bk, =R E].

Head of caudate nucleus Thalamus

Lateral
geniculate
body

Putamen

Optic tract

Tail of caudate

Amygdaloid avclens

nucleus

BE. BEME. K. etc.
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(by Al Seckel)
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Audi TV CM broadcasted in Europe

CDiZE DOENHE(S,
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Two dimensions of neural functions for preference -> choice
R FER

Cognitive Affective

* serial

Controlled « effortful
ONrolied pProcesses, o oked deliberately

(Explicit) #I#:8B2 - good introspective access

I II

* parallel

, - effortless I1I IV
Automatic processes, qovive

(Implicit) {8382 - no introspective access

ZZITEASh TV ERARIZ. Reward and decision making
EFIEMEDES L. Network in the brain.
HIfgENEL =,
Z THELSIES0,

(Camerer et al., 2005) 29



Two dimensions of neural functions for preference -> choice
R FER

Cognitive Affective

* serial

» effortful
Controlled processes, ., okeq deliberately I II

(Explicit) #I|{E;:®F2 - good introspective access | \/ T
|

* parallel
, - effortless I1I IV
Automatic processes, reflexive

(Implicit) {8382 - no introspective access

CoITBASNT BRI, Reward and decision making
EFENEDHS L. Network in the brain.
HIFRENEL 7,
T HLSIEEL,

(Camerer et al., 2005) 30
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2. Bt ERAasEmicEULNhoTIVS
(1) a~v—<+vUXA

Rl DER (eg. RTEEH)
R=T T4 TICEBITBFHEL. EIREBROHIEH,

Za-OIO/ZHR, Za—A—TvyTa0P
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(untreated).

LTWEWEZ TIPS,

Pupil constrictions - larger than normal in RS(VPA-treated), smaller in RN
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<Flicker on>
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Larger occipital, and smaller occipitoparietal and/or occipitotemporal,
responses for the red-blue flicker [similar to Pokemon cartoon].
ZEEEAL (MEAIREE) OMEGRIGIZ T #IZEL D> T KWEIL S LAY,

"B =R (10Hz) BT U TR ES TG = (10Hz) [TX LU TIE /M E0N,
#HA (~250ms) DIETEREE /SEIEAIZFEFHEDRIGIE., TNEHDIERZRT,

CITHASN TRk,
EEIENEOHE L.
HIBRENEL =,

T HLSIZEN,




REEF (dipole) 75 AT — (fH%ZF
SERLER)DAERE (MEG)

ZZITHASNTOERARIE,
=ZFENEDHSE L.
HIfREh&EL 72,

Z T HLSIEEN,

A (~250ms) DEATRIREE /BATR{AIA A
DR (taEh) M EOMEE, BROBREEERRDSD
AR FIER I NS FIEHERILIELN,

— BAEI A=K A7

CZITEASh TWV=RARIT.
EEENEDHE L.
HIBRENEL =,

Z T IERLSEEN,
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T, RTEEHITEEM?
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I

Biomotion

http://www.biomotionlab.ca
/walking.php#BMLWalkingDemos
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FEOHRELEARE

[RZEWNMBAID, F2HBY, e SN FEIEZTOEE

cf. ¥4 7> A(Zajonc)D ’roach race” experiment.
#FIEDFRIE. BEDBARLE. £FTETRESHES,
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4.

5.

6

HEMARICBITAHER)

BRBHHDEE., I RILF—D1BF,
. BE DB E,

/7&']?
REDBEIE, LIRODE,
eg. IRE DRkH (Ikeda & Watanabe, 2007)

FHREDBEF,

REEFFDOR—T LV RIE (A TAT— %)),

RS<—vI)b, 7AY I8 TU—RAAVRE),

%Ztib. RIFLITF v RILDIEH,

. ERERDEH,

(B. Schwartz, “The Paradox of Choice”)
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DAV TART AT D_a—AR—TyT40
(A. Rangel et al.(Caltech), 2008)

*EIRBEDHDBIIE, RPDOREOCRMODKNRIZECSNS,
¥ T TINERSDT, b EEhkA/N\vTr—2ICLTiERZE
$IV EF VT B — T T4 T ERED,

R RICH T, IRAUIH D07

KREXR)MRIRFv+F—AT, SESEKLBVAETART AT,

fER) DS ERVAVICERWMEILZFT7/2ElS, BT %
Bk oTNDEELRURRERALA, EEIEL 7.

—>Za—AO%—T T4 RO HREME,
FiEER) IMRIZZ(TTIZARL Y, TMSICEAHEFE (123h) .
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Facial preference gan:a7 )iy

Spontaneous preference - well known (eg. infant pref. looking).
But neural mechanisms were not, till very recently.

Latest fMRI study indicates...

Nuculeus Medial orbito
Accumbens frontal cortex
(NAC) (OFC)

(Kim, Adolphs, O'Doherty & Shimojo, PNAS ‘06) 40



NAC

mOFC

Fast

Responsive to
novel faces only

Independent on
attentional focus

Related to
group preference

Slow

Responsive to
familiar faces

Dependent on
attentional focus

Specific to individual
preference

47



NAC communicates with OP/INS directly when decision is easy.
More automatic, reflexive, and affective.

48



Call for a help from NAC to OFC when decision is difficult.
More controlled, more cognitive.

49
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LUFEE
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LIRICBIRLI-EE LIFEEE LBEL. EGoTWS,

50



Preference and Memory giF&iciE
- No doubt, but how precisely ? -

Beer advertlsement

“Novel, yet somehow nostalgic.”

.....

FyRO)F—7 e
LB A DO OAMIRT LT A= T YwikAE—)b

MARBREE DB ERICKVEIEENTWVET,
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ZDIZHEDEE (S,
ZEIENEBDEE L.
HIfRENEL =,
CTHESIEEN,

* A HEDFIAEDH K,
*f=1=L., BA 7T TINS?
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Novelty vs. familiarity in TV CMs - pass analyses

(Shimojo et al., in prep.)

Attractiveness of TV CM
+ +
Novelty Familiarity
0

*HETIEbFAMED, CMOBNEDIER1EL T, EELTNS,

*Mh 77, FEF LA L DR IL, ERE,
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How past experiences affect preference?

*Two principles in the literature - Seemingly inconsistence:
NOVELTY (N) vs. FAMILIARITY (F)

* N dominant 1n infants (e.g., Fantz, 1960) and animals,
but F in special cases (Meltzoff, in 1970-80’s; J. Piaget).
* F dominant in adult literature
eg. mere exposure effect - repeated visual exposure to an
object type increases attractiveness/preference of it
(Zajonc, 1968; Zajonc et al., 1972; Bornstein, 1989).

*Shimojo et al. (VSS '07) showed a segregation of the two principles
across object categories.
CDSNDDFEFFRED, MRATIV-BICEA DI TNBILEERWVEL,
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Old vs. New - Which do you prefer?

Procedure (1 trial)

X

(1) (2) (3)

* The subject judged relative preference in a 7-point scale.

* The same old face is repeatedly presented 26 times(trials), paired
with a new face each time.

* The same procedures applied to natural scenes and geometric

figures as well.
56



Examples of stimulus
2. Natural scenes

Mountain Flower

Animal

3. Geometric figures

Symmetric Asymmetric
\ /\‘ % I e s
f ‘\ I/ \i/ \\‘ ‘/’ \ : \\}Q
. :l: x ‘t: s, S
Slmple l'/ \\ TN / '\\ " \\\»‘
vV 7. Nfi N \ \>
~——
NN\ PZ, S—_————
\\:‘\~ \\\\k \‘.’;/%/ /,’) g;; ES A
N N/ ——
Complex \/\;} /f/ (q:_%’)
78 \\ X o



Main results

oy Geomet.
S Faces figures -+ Natural scenes
o = 1
(5 i
P
T A
=
(=
P
2z -
o 1
=V
?)
Z >
©
2 15 .
o .
Z 0 5 10 15 20 25
Trial numbers
Segregation:| Faces -> Familiarity dominant.

Natural scenes -> Novelty dominant.
Geometric figs -> Novelty (weak).

Effect of break (1-3 wks): Effects canceled, but quickly come beslgzk.




ESNDSCMDSRE AR ?

Recommendation for a better advertisement?
--> Testimonial familiarity + contextual novelty.

eg. O2 (cell phone) CM - Beckenbauer in a fantasy world.
HARTELEINIZEEIT HEVRCMDBIIEZ 2 H 5

59



[h&. CM

AL EORE, SBETERTILK,
*EFENEBERMDANZXAITRSE DS,

THETHLE. CMIIAIESBNEDN?

1. eREA/ZERS (AKCM, LEECM)
2. BRRDEBR(TSURA A=, NO— (B HR)
3. ELIEZTDHDDMR(TS5432 5, BHIZETRHR)
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L&, CM

RS ORH. SEBETEITILK,
¥EFBEBERMDANZXAITERSE DS,

THETHLE. CMIIAIESBNEDN?

4. THEVRER S (BRCM, LEECM)

. BEROEB (TSURA A=, NO—CGEE)HR)
REETDBDDINR(TSA4Z 4 BHETRDHE)
ZIEBEOSFMG DT (Hiam, EE, PIT)

mIEAY TATERY

— N W

5EIEY BTERY
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Pavlovian-Instrumental Transfer - How commercials can ever been effective?

Action choice?

Reach left Reach right

REH) —IBEOEREDIFTAINZXLDEODENCMODNRDOERICHS?
J=7=U., RESE/SL, (HERIFEE DT EEFEEDIT)

1) In CMs, pavlovian conditioning 1s made. A ol

2) At a shop (1nstrumental situation), Would the associative cue
(brand 1con, product itself) triggers the associated response more?

62



Training schedule:

(Shop 1n the laboratory)

1) Pavlovian

2) Instrumental

3) Pavlovian + Instrumental

Pavlovian cue

Orange juice Neutral Neutral




Choice compatible with the Pavlovian cue - Choice incompatible

p<0.001 [ p<0.005

Peak in ventrolateral putamen @ [27 -3 -3] #&7xEE5MBIER

--> common between the human and the rat!
64



Human
Behavior

Psychophysics
Cognitive psychology
Neuropsychology
Consumer behavior

Bridge the gap

Animal
Neurophysiology

Electrophysiology
Neuroanatomy
Cognitive psychology
Neuropsychology
Consumer behavior

65




Bridge the gap

Human
Human Brain Imagin Animal
Behavior PET Neurophysiology
Psychophysics IMRI Electrophysiology
g EEG, MEG
Cognitive psychology NIRS - Neuroanatomy
Neuropsychology - (optical) <= | Cognitive psychology
Consumer behavior Neuropsychology
Hl.lman . Consumer behavior
Stimulation
TMS

Direct electric

Used to be independent fields. Now, integrated!

B8,/ BRREORMAFERZE,. Z2—AIT/IJR, Za—OX—T T4V
66




Bridge the gap

Human
Human Brain Imagin Animal
Behavior PET Neurophysiology
Psychophysics IMRI Electrophysiology
g EEG, MEG
Cognitive psychology NIRS - Neuroanatomy
Neuropsychology - (optical) <= | Cognitive psychology
Consumer behavior Neuropsychology
Hl.lman . Consumer behavior
Stimulation
TMS *

Direct electric

Used to be independent fields. Now, integrated!

B8,/ BRREORMAFERZE,. Z2—AIT/IJR, Za—OX—T T4V
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Implicit and dynamic aspects
of choice decision

Transcranial Magnetic Stimulation (TMS)

* Another intriguing tool for knockout / lesion of a brain part.

* BFZEH): WTP (Willingness To Pay)IZxtd 5w SEERENES EFEEF DRI 5.,
rTMSIC KB %K.,
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Your bid: §2
g0 .
-
J
.
;P
H S0 $1 52

rTMS (15 min) A —%33>

> Time
- P .
B C D .
I no effect // o
= pd 1 = p=0.022
1'5?, : / . FOy
\ / o 1)
"\ r o pe .‘\ .
I_) ? "/_/ _) o
L > i i s
= oA downmodulation [
0.0 02 0.4 06 08 10 ° rDLPFC IDLPFC

(norm.) liking rating

*x ZERIBEES SMEIERAY. WTP (BB AHIEDICEE 5,
* ITMS T DR FTHERERYIZ /v o7 Ok 19 5E. COHIERDA EH

N5, (Camus, et al., in preparation)
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“Attention economy” vs. Reward =250, IRENMN?

LEDEMIEREELIL, EFREENVTIERAIZ,

VS.

EbE. B RAEVSHDOUNREWNR ALY,

ELLDN?

— (o= EBS T
a) =TT

J DFeimAY 7R

b) HAADIBHEIEZOHEICEIHODEL
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EBRZF (attention economy)

BA> I —RIbDNF—E

1 2 3
4 5 6
7 8 9

How much would you charge for each space (1-9) for adv.?
HEZEDERZEITL. ENLIFTRAIL
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http://www.gallery-diabolus.com/gallery/artist.php?image=928&id=utisz&page=135
ENT. BADRAEVWSHDUMRLN,
Z, BONBDIAI=EED. IRUVIRRIZEENRITIRSEVVD—EHD,
—>ZZCTKUIEHEICIE, ERNFIFEEEROSNODULMZIT AN,

EEERFDRND?>HBREEFORANSEIS,
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PR EZELT TR

Facegen Modeller / EyeLink 2 : Raw data

*EERHY /T BT RIBRICH I > T, RIBONAT ADEL S,
*RIZDONAT RZEEMICITEF SN TV,
*RIRDNAT REIRETHIET, EFHIREIRETES,




Gaze and preference: Experimental paradigm

Stimuli; free inspection, no time limit

Fixation point (1 s)

-Faces 1n a pair were matched (/maximized) for Key press upon
attractiveness (pre-experiment rating), gender, decision (depend. on task)
race and age.

-Free observation time. <] D

-Pooled gaze data time-locked to, and backwards
from the decision (button pressing).

(Shimojo et al., Nat. Neurosci.7703)



Likelihood of choice inspection

0.85

0.8

0.75

0.7

0.65

0.6

0.55

0.5

0.45

0.4

Face Pairs, Like, Round and Dislike Tasks Effect is
B not solely
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RERDBFIEICKUEL I ZRIFETED!

(1) Pre-rating of attractiveness --> (2) pairing. (3) Gaze
Manipulation (2, 6 or 12 loops) . (4) Press a button for preference.

(N=15,0r 13)

8

@ Sho (300 ms) §

/ 2loop — 512 %
"~ 6loops — 59.0 %

12 loops— 592 9
(significant preference bias

towards the longer-gazed)

/

Control experiments suggest:
The preference bias can not be

Long (900 ms) attributed to mere exposure.



Gaze cascade effect : Findings

1. A bias towards to-be-chosen object (eg. face) before conscious
preference decision.

2. Not a confirmation process, rather a dynamic precursor of the
final choice.

3. Specific to preference (like) task only.

4. Can manipulate preference decision by manipulating gaze.

5. Not limited to faces (eg. geometric figures, commercial products).

6. Occurs with more than 2 alternatives (eg. 4-alternative FC).

7. 2nd time - still a gaze cascade, either the same, or a reversed pref.

8. Subjects were not aware of the gaze bias, or actively denied its
causal contribution to the preference decision.

B EOTELMRICIT. BEZZEIITFHIRID., ARIROHE B &Y LEKISTE,
SN AITHI D,
80



Gaze cascade: Implications
*James-Lange theory: Mind first, or body first? LISy, B0 5%m?

*Cast some doubt on the neo-classical economics (utility) view
(Ariely & Norton, ‘08) #FZDIATAVT 1 IDBLRICEEE.

}EBREFE vs. BN — vSERRADIEMNRY, ¥4 FIyIICEN>TINS!

B FRDOELD

1) #rEHE vs. Bt — REIEICHOBTRE* IDREDEFERDD,
(*REGEEDOOFE. MR, IRIBICKR A, GH REBEER DG, )

2)BRIRDART—K — ZTOREDEF TT S, BWICRSBERHD
GAFIOATRES,
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3. (ST ERAREICESULMNO>TINS
(2) Bin

eg. (1) R—AZUREFaVT4ETOEEES.

(2) ERLEDBE R (MATSOMR) .
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Inferences of Competence from Faces Predict Election Outcomes

Inferences of Competence from A Todorov, Anesu N. Mandisodza, A. Goren, C. C. Hall

Science 10 June 2005:Vol. 308. no. 5728, pp. 1623 - 1626 Fig. 1

Faces Predict Election Outcomes

Alexander Todorov,"?* Anesu N. Mandisodza,'* Amir Goren,’ I
Crystal C. Hall'

We show that inferences of competence based solely on facial appearance
predicted the outcomes of US. congressional elections better than chance
(e g.. 68.8% of the Senate races in 2004) and also were linearly related to the
margin of victory. These inferences were specific to competence and occurred
within a 1-second exposure to the faces of the candidates. The findings sug-
gest that rapid, unreflective trait inferences can contribute to voting choices,
which are widely assumed to be based primarily on rational and deliberative
considerations

-

Ab

MEAHE DEAHIBR OISR (fh M D)
WERAE

*EADENR/ZIF MO T FRES 127 .
>REDOBRELSVEE,

BGRICHBW TS, E=I5Eh @R Fg s
DEDITHEBL T HEEEMSHESNHEES

cf. TVRSIOv AN (FAL42) 83



4. BB &E]
IR P EMUED DL, RER GEF. HIEH) HBD.

EFERELML I —BRERICED(TATIA . £ >HBTENI-L-T
MEMBIIZRESN TS (B YRR P. NA—FB),
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.....

[10 v
“Tooo +
LU B

H4.2 BERMICEHTS BRENLETRIC
179 5 HIWBAL(RP)

RPI: 7ZWZ\=WZDORBIEEE TITALLOE, HEMUHFEL T EETT
TOERESL, -800/15-1000ms. (FhEFHDA v EEEEBILT)
RPIl: H5D00HNWDEFEL TWNVED 7= ITTTOERELL, -550ms.

550ms (RPII) - 150ms (BERDEE KA >t vh) = 400ms.
TANOBRMERIC400msSII> T, MiREENI T TICHRE->TIVS!

RYTPIV YRy FIIES GR) IRAVR - 94 A E B OIS RE- 12 R EE 85
p153 E4.2 BRMICEEHTSERNITBICETT SEEBA (RP)



(5eDR—T T4 DERLEHET, )
I=bOITADBERIIECAFTOTLESIZDM?

B B &5 (BIE) (L, FSICERAD. LUAMILT HD TR,

eg. (1) oo v>DITA—=RITO=y o358 D,
(2) #RE (Choice blindness) (3/\>V>5)
(3) ZU—ox—Dit%m
(4) #HPT/S—hDENERETEL
(5) ¥ OFDEF,

RARADBERREIL, FTETIKRIKTFR., KEKEFNEASIS%E
BN,

TDLFLEBIC, BREFIEDZEE, EEZHEKRT 5.

86




5. BBRALRIESD

HHZRERITHDIEEINDEEN?
— T A AIReE . thEE T ReE (15T 5 7) [TI&RTF,
FET, #BEBLEL, INSITKTT.

~ N

BRI DNE. RBRWGRELSE (ETA4A—230) [TIREFT D,

BEIRMEOVIT(ET 4 (BIEE)

MEIRZR R DB EHTHREELDIE, ESLTH,
NHTTHY, HOBRREFOTRESNDSDIIESLTH,

— BEEADIE, BENLZFE. RMBIEOENSEZDHZHZEFAN,
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ML FEEATIEARLN,

[EH&E MUFAIEIFEBIICTE2ICHM>TEY, MUBRaE
W&l £<HSEVRREEDZEST,

eg. HFDI RN | LTEH

BENSID, GRS BRBROBEIZES,

ARSI, AZDEBITHEBEINTWSED N Z0N,

BRI (R ROBDIFS).

EItR B/ TovJ (BNE=T7—MOT YA DIFE)

WMEI /R R EO, BIED. GBDONEDhN) ARIZZITANSNDDIT
D=8,

ZHEb, bl HBORBHFICEATINS,

38



BIREDZEZIT. BERIMDOPICHSHLH GBTEMIC) HoT=.

HEINGERR LT, ENZAFINTHRNGMICSESS T ZECHAESARN,
ZOEZDE, WANWALRIEDITTE B S,

(1) FEE—REZRAEVMGHE T, RAFNDEHIR,

(2) IO BREEEDH D,

(3) MO 7 ADIPIIRK (A LICLDEER)

(4) Z<LDIFE . RAIDEVMIRD R EFNSFESB,

MENEIIERIDBHSPO>TET,
KIZTNICK>THERTEEND,
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Ah=bld. BEEHIENTE
XD LB,

RTHET BERRIARE,

BBEBIEDMOL B HETETAETS,

TN, TNHEDKURNE

4R 138

2 LILB=AD,
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