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the computational approach to 
decision neuroscience

Å5ŜŎƛǎƛƻƴ ǇǊƻŎŜǎǎ ƛǎ ŀ ŎƻƳǇǳǘŀǘƛƻƴΣ ΨŜƴŎƻŘŜŘΩ 
in neural activity

Observed 
choices+

hypothesized 
decision process V(St), P(c|St), Χ

Statistical behavioral fit

Parametric 
neural fit 
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The general approach 

ÅCreate experimental data which (might) 
resemble patterns in financial field data 

ÅMeasure brain activity

ÅUse brain data to 

ïdirectly test theories of investor behavior

ïsuggest mechanisms Ą new hypotheses
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Why study the brain? 

ÅNeural activity makes choices

ÅTwo levels of analysis
ïhuman information processing
ÅNeural evidence Ą reduced-form model of decision

Åbrain states are omitted variables

ïmarket prices and volume
ÅAggregating reduced-form heterogeneous individuals

ÅCausal experiments

ÅDevelopment over human life cycle

ÅDeeper biological basis of Individual differences
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some other notable studies

Åstylized stock-bond individual choice 
Kuhnen, C. M., & Knutson, B. (2005). The neural basis of financial risk taking. Neuron, 
47, 763-770.

Knutson, B., Bossaerts, P. (2007). Neural antecedents of financial decisions. Journal of 
Neuroscience, 27, 8174-8177.

ÅNeural prediction of financial field behavior
Knutson., B., Samanez-Larkin, G. R., Kuhnen, C. M. (2011). Gain and loss learning 
differentially contribute to life financial outcomes. PLoSONE

ÅTrader intuition about insider trading
Bruguier, Quartz, Bossaerts(2010) Exploring the Nature of Trading Intuition. Journal of 
Finance, 65, 1703-23. 

ÅBubbles and theory of mind 
De Martino, Benedetto, John P. hΩ5ƻƘŜǊǘȅ, DebajyotiRay, Peter Bossaerts, and 
Colin Camerer. (2013). In the mind of the market: theory of mind biases value 
computation during financial bubbles. Neuron, 79 (6), 1222-1231
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Two topics
1. Individual trading

1. create stock prices with exogeneousmomentum

Do people sell winners and losers correctly?

άŘƛǎǇƻǎƛǘƛƻƴέ ŜŦŦŜŎǘǎ ŀƴŘ ǊŜƎǊŜǘ-based repurchase

2. Stock price bubbles

subjects create endogeneousprice series 

Do bubbles occur? 

what are neural correlates of formation and crash? 
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1.  Individual trading: Disposition 
and repurchase effects

ÅDisposition effect:

ïThe tendency to sell winning stocks too early and 
losing stocks too late

ïVolume data (Shefrin, StatmanJFin85)

ïIndividual-level small-trader data (OdeanJFin98)

ïReluctance to sell losing condos (GenesoveMayer QJE 01)

ïReview: (Barber, OdeanHandbook EcFin 13)

ïV-shaped pattern (Ben-David, HirshleiferRFS 12)
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What causes disposition effects?

ÅMany possible explanations:

ÅPrivate information 

ÅPortfolio rebalancing 

ÅBelief in mean-reversion 

ÅBehavioral:

ÅProspect theory preferences

ÅUtility for realizationof capital gain/loss

(Barberis, XiongJFE 12; Ingersoll, Jin RFS 13)
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Design: Choose whento buy & sell  

ÅThree stocks A, B,  C  + $350 experimental cash

ÅHold zero or one share of each 

ÅEach trial: price update (information only) followed by 
decisionscreen (no new information)

ÅDecision: Buy?  if not held 

Å Sell? if already held

Å108 trials/session for 2 fMRI sessions

Cf. Weber, Camerer 98 JEcBehavOrg
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value                                 buy/sell
update                               decision
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ITI ~ U[1,3]

2 sec 3 sec    



Design: How prices change 

Asset returns depends on hidden states

Good: Up 55%, Down 45% 

Bad: Up 45%, Down 55%

Change magnitudes are {$5, $10, $15}.
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Bayesian optimal strategy

   

log
bt +1(good|z)

bt +1(bad|z)
= log

Pr(z |good) * [0.8* bt (good) +0.2* bt (bad)]

Pr(z |bad) * [0.8* bt (bad) +0.2* bt (good)]
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Behavioral test: 
PGR= % of sales following capital gain
PLR= % of sales following capital loss

Optimal:  PGR << PLR   Ą PGR-PLR = -76%
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Odean98 
data (=5%) 

optimal



Capital gain (pt-ct) encoded (red) in 
vmPFCat time of decision

(yellowis an a priori άƳŀǎƪέ ŦǊƻƳ ƻǘƘŜǊ ǎǘǳŘƛŜǎύ 
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Regret-repurchase effects 
(Frydman, Camerer revision submitted)

ÅRegret: 

ïDispleasure from not making a choice 

that would have given a good reward

ïάǊŜƎǊŜǘ ŘŜǾŀƭǳŀǘƛƻƴέ (Arkes+ OBHDP 02) 

ïaŜƴǘƛƻƴŜŘ ƛƴ ŦƛƴŀƴŎŜΧΦ

ÅBuying into rising markets to avoid missing out (Shiller

IrrationalExuberance'00)άChahέ

ÅMicrofoundation for narrowframingof risk? (Barberis,

Huang, ThalerJFE '06)
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Regret-ǊŜǇǳǊŎƘŀǎŜ όŎƻƴǘΩŘύ

Åά.ǳǘ ǿƘŜƴ L ōƻǳƎƘǘ ǎƻƳŜǘƘƛƴƎ ŀǘ · ŀƴŘ ƛǘ 
went up to X and 1/8th, I sometimes stopped 
buying...We've missed billions when I've 
ƎƻǘǘŜƴ ŀƴŎƘƻǊŜŘΦέ-- Warren Buffett

Åά¢ƘŜǎŜ ƻǇǇƻǊǘǳƴƛǘȅ Ŏƻǎǘǎ Řƻƴϥǘ ǎƘƻǿ ǳǇ ƻƴ 
financial statements, but have cost us many 
ōƛƭƭƛƻƴǎΦέ -- Charlie Munger

(both quotes from Berkshire Annual Meeting)
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Repurchase effect: Tend to rebuy stocks that 
went downafter initial sale 

(Strahilevitz, Barber, OdeanJMktgRes11; Weber, WelfensDie Betrieb11)
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sold here at
price s1

repurchase here?

foregone 
capital gain



result in Frydman+ (JF 2014) experiment
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Reluctant to repurchase stocks that did 
well after they were sold the first time  
όάforegone_capital_gainέ Ҕ лύ 



responses to update of previously sold stocks at 
time of new information: 

positive if held                     negativeif not held 
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Conjunction of 
VStr> 0 for owned stocks

VStr< 0 or unownedstocks
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Individual VStsignals correlated with 
behavioral repurchase effect
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More regret
Time of information

Time of 
decision



Correlation between the two 
ōŜƘŀǾƛƻǊŀƭ ŜŦŦŜŎǘǎ ǿƛǘƘƛƴ ǇŜƻǇƭŜΧ
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ΧŀƴŘ ƴŜǳǊŀƭ ƻǾŜǊƭŀǇ ŘǳǊƛƴƎ ŘŜŎƛǎƛƻƴ 

regret devaluation                  realization utility 
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Disposition and repurchase effects: 
Summary

ÅPatterns in field data is evident in lab data

ÅvmPFCencodes capital gain

ÅVStrencodes capital gain surprise 
ïOwned stocks:     VStr > 0

ïUnownedstocks: VStr< 0       [regret devaluation effect]

ÅvmPFC, VStrbrain bΩs correlated with disposition 
and repurchase effects 

ÅDisposition and repurchase effects correlated 

(r=.67) within individuals: A common mechanism? 
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Bubble = Price >> Fundamental

άI don't even know what a bubble means. These

words have become popular. I don't think they

ƘŀǾŜ ŀƴȅ ƳŜŀƴƛƴƎΦέ

ïEugene Fama(cited in The New Yorker, January 13, 
2010)
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But what is the 
fundamental? 



Many academic theories

Financial structure & constraint
Å speculate on asset float from insider lock-up expiration(Hong, 

Scheinkman, Xiong2006 )

Å hedge funds (GennoteLeland 90) 

Å agency conflicts (Allen, Gorton 93)

Å credit expansion + risk shifting (Allen, Gale 00)

Media coverage
Å Dyck, Zingales, 03; Veldkamp, 06; Tetlock, 07; Bhattacharya+09

Valuinguncertaininnovation
Å PastorVeronesi09

Opinion asynchrony
Å Allen, Morris, Postlewaite93; Abreu Brunnermeier, 03

Information processing 
Å feedback trading (DeLong+ 90)

Å overconfidence + short sale constraint (ScheinkmanXiong03)

Å άŎƻŀǊǎŜέ ǳǇŘŀǘƛƴƎ ƻŦ ƳŀǊƪŜǘ ǎŜƴǘƛƳŜƴǘ (Bianchi Jehiel10)
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What we do

ÅCreate a lab paradigm that sometimes 
generates bubbles 

ÅMeasure neural activity using fMRI

ÅConnect neural activity to bubbles and crashes
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data

Å16 sessions

ÅN=11-23/session

ïN = 320 total participants

ïUCLA  (=276 ñextrasò)

ïVirginia Tech (= 44 scanned)

Å2-3 fMRI Participants/Session
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Market Design (Bostian, Goeree, & Holt 05)

Å2 assets: 

ïwƛǎƪȅ όά{ǘƻŎƪέύ ƭƛǾŜǎ рл ǇŜǊƛƻŘǎ

ïRisk-ŦǊŜŜ όά/ŀǎƘέύ

ÅRisky pays uncertain dividend with E(d)

ÅRisk-free pays interest rate r

ÅRisky converts intoF units of cash in period 50

ĄWe choose E(d), r, F to create the fundamental
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Trading

Å50 trading rounds

ÅTrade 1 unit max per round

ÅCall market design: 1 common price per round

ÅNo block trades, no short-selling; Why?

ïalways start simple for fMRI

ïShort-selling is challenging to implement
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market equilibrium

ÅIndifferent between safe and risky assets 
when:

Q-Group  Laguna 15.Oct. 2018



Pt-1 

1.25(Pt-1)

0.75(Pt-1)1-7s

1-7s

6s

2s (x5)

10s

2s

2s

0 2 4 6 8 10 12 14

122

152

182

Supply & Demand, Session R, Round 32

P
ri

c
e

Quantity

 

 Buy

Sell

A) B)

C)

Randomly Drawn 
Stimulus
Price

Market
Price

Q-Group  Laguna 15.Oct. 2018



Trading Results (2s): Sole focus of fMRI 
analysis (so far)
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representative session
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Market Prices, 16 Sessions
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GLM results

BOLD Responses to
Buying or selling

Peak T statistics 
(FWE whole brain 
corrected<.05) 
Left: 7.69
Right: 7.09 

MNI +/- 12,8,-10

Controls: 
Screen Indicators
Return, DivYield

y=8y=8

p<0.05 p<5e-6

y=8

Nucleus 
Accumbens
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203 fMRI studies
YŜȅǿƻǊŘ άw9²!w5έ
Neurosynthreverse inference  

y=8y=8

p<0.05 p<5e-6

y=8
y=8

Conjunction of BOLD responses 
to Buy and Sell

y=8 y=8

Important: When are we confident 
άƴŀƳƛƴƎέ ŀ ǊŜƎƛƻƴΩǎ ŦǳƴŎǘƛƻƴΚ 
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t-stat > 3.0



Three trader-profit types
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Determinants of Demand for the Risky Asset: Interval regressions
Dependent variable is [buyt, sellt] (in returns)

All variables lagged; z-scored except shares, dummy

NAcc 0.008 0.011** -0.001 0.002
(0.005) (0.005) (0.005) (0.005)

Low Earns*NAcc 0.037*** 0.026***
(0.011) (0.009)

Return 0.026*** 0.028*** 0.020** 0.001
(0.009) (0.009) (0.009) (0.008)

DividendYield 0.022* 0.021 0.047** 0.039**
(0.013) (0.013) (0.023) (0.016)

buy-sellmidpoint (t-1) 0.079***
(0.012)

Shares yes*** yes*

Shares=0 (Indicator) n.s. n.s.

4 ROIs: rAIns,Amyg,rTPJ,lDLPFC n.s.

Constant 1.000*** 1.001*** 1.002*** 0.908*** 0.932***

Low Earns (Indicator) 0.056*** 0.062***

Subject FE Yes Yes Yes Yes Yes

5 round dummies No No No Yes Yes

Cluster level Subject Subject Subject Subject Subject
*** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  Q-Group  Laguna 15.Oct. 2018



Determinants of Demand for the Risky Asset: Interval regressions
Dependent variable is [buyt, sellt] (in returns)

All variables lagged; z-scored except shares, dummy

NAcc -0.001 0.002
(0.005) (0.005)

Low Earns*NAcc 0.037*** 0.026***
(0.011) (0.009)

Return 0.020** 0.001
(0.009) (0.008)

DividendYield 0.047** 0.039**
(0.023) (0.016)

buy-sellmidpoint (t-1) 0.079***
(0.012)

Shares yes*** yes*

Shares=0 (Indicator) n.s. n.s.

n.s.

Constant 0.908*** 0.932***

Low Earns (Indicator) 0.056*** 0.062***

Subject FE Yes Yes

5 round dummies Yes Yes

Cluster level Subject Subject
*** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  

Irrational Exuberance

Q-Group  Laguna 15.Oct. 2018



άLǊǊŀǘƛƻƴŀƭ ŜȄǳōŜǊŀƴŎŜέ ϧ ǇǊƻŦƛǘǎ

NAcc-Buying association
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But what causes crashes? 

ÅIntuition among some traders that prices will 
stop increasing or decline

Åforward-looking

τ> those traders begin to sell

τ> prices peak, then crash

τ> crash is faster (|- rt| > |+ rt | 

ÅAre there signals in the brain? 
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Candidate region: Insula cortex
άInteroceptiveŀǊŜŀέ όƛƴǘŜǊƴŀƭ ǎŜƴǎŜ ƻŦ ōƻŘƛƭȅ ǎǘŀǘŜύ
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