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1.
It  is all about  

VALUE
How does one assign value?
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Expected Utility Theory:
EU is the weighted average 
of all possible outcomes, 
with the weights being 
assigned by the probability 
of outcomes.
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Prospect theory:
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Prospect theory:
Both the values AND 
our estimates of probabilities are subjective!
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NeuroEconomicsUtility Valuation:
It is the average firing rate of a 
population of neurons which encodes 
the subjective value of the object. 

The neuronal firing pattern is what 
predicts choices.
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To eat the apple, or not eat the apple.
That is the decision to be made.       
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Knutson, B. and Greer, S. M. (2008) Phil. Trans. R. Soc. 363, 3771-3786.
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Knutson, B. and Greer, S. M. (2008) Phil. Trans. R. Soc. 363, 3771-3786.

1. Subjects initially see a cue indicating 

that they will have an opportunity to 

either gain or avoid losing a certain 

amount of money.

2. Subjects view a fixation cross. 

3. A target briefly appears on the screen 

– and the subjects attempt to press a 

button before the target is replaced by 

a fixation cross.

4. Outcome: subjects see the outcome 

of their performance on that trial and 

cumulative earnings.

Monetary Incentive Delay (MID)
cued response task:



Knutson, B. and Greer, S. M. (2008) Phil. Trans. R. Soc. 363, 3771-3786.
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2.
Subjective

probabilities and 
values.

Encoded in the brain.



Yacubian, J. et al (2007) NeuroImage 38: 557–563



Yacubian, J. et al (2007) NeuroImage 38: 557–563

Different populations 
within the ventral 
striatum encode the 
reward 
magnitudeand 
probability of 
the outcome.
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N. Ac. activity is 
proportional to the 
magnitude of an 
anticipated gain.

There are subpopulations within 
the v. striatum that are sensitive 
to reward probability and others 
that are sensitive to reward 
magnitude.

Bottom line:
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N. Ac. Predicts shopping decisions.
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3.
Choosing Among 

Mult iple
Encoded in the OFC.



Complex decisions? Make a choice between two different lunch options?
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4.
Decisions with Cost s? 

Who decides?



Deciding to take the plunge? 



40Deciding to take the risk of eating the deadly delicacy? 
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42Basten, U. et. al. (2009) PNAS, 107(50):21767–21772
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45Basten, U. et. al. (2009) PNAS, 107(50):21767–21772

Neural 
Representations of 
Reward and Loss 
Expectation 
Signals.
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Got  Regret s?
Learning from past 

decisions.



Bechara, A. et al, (1997) Science, 275
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Bechara, A. et al. (2005) TRENDS in Cognitive Sciences 9(4).
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“Findings suggest that the 

ventromedial prefrontal cortex or its 

connections are functionally maturing 

during adolescence in a manner that 

can be distinguished from maturation 

of other prefrontal regions. 

Development of these functions may 

continue into young adulthood.”



Hartley, C. A. and Somerville, L. H. (2015) Current Opinion in Behavioral Sciences, 5:108–115



6.
What  about  price?

How does price affect 

valuation process?



Plassmann, H. et al (2008) PNAS 105 (3) 1050-1054



http://www.caltech.edu/news/wine-study-shows-price-influences-perception-1374Plassmann, H. et al (2008) PNAS 105 (3) 1050-1054
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Plassmann, H. et al (2008) PNAS 105 (3) 1050-1054

Reported pleasantness 
for the wines during 
the cued price trials.

Taste intensity ratings 
for the wines during 
the cued price trials.

Reported pleasantness 
for the wines obtained 

during a 
postexperimental

session without price 
cues.



http://www.caltech.edu/news/wine-study-shows-price-influences-perception-1374

“the neural encoding of  

the  quality  of  an  experience  

is actually modulatedby a 

variable such as price, which 

most people believe is 

correlated with experienced 

pleasantness.”
Antonio Rangel

Plassmann, H. et al (2008) PNAS 105 (3) 1050-1054



http://www.caltech.edu/news/wine-study-shows-price-influences-perception-1374

“The area of their brain that is thought  to  encode  for the  

pleasantness  of theexperiencewas more active when they drank 

winethey believed had higher prices.”

Plassmann, H. et al (2008) PNAS 105 (3) 1050-1054
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Price can 
modulate the 

decision value 
signal in 
mOFC.



7. 
evaluat ion?

Brain utilizes distinct 

networks in the 

evaluation process.











8. 
Emot ions?

What role to they play 

in decision-making?



Rick, S. and Loewenstein, G. (2008) “The Role of Emotion in Economic Behavior”, in Handbook of Emotions, Lewis, et al. Guilford Press.



Normative 
Economic t heorist s 

int egrat e 
ant icipat ed 

out comes and 
probabilit ies of 

t hose out comes 
wit h cold, rat ional 

cognit ive processes.

Emot ions are just  
byproduct s of t his 
cognit ive process.

Emotions 
don’t play 
any role in 

decisions??
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Cognitive 
evaluation

Anticipated 
outcome

Subjective 
probability

Decision Outcome

Feelings and 
Emotions
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Cognitive 
evaluation

Anticipated 
outcome

Subjective 
probability

Decision Outcome

Feelings and 
Emotions
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9. 
emot ional 
regulat ion

Self-regulating emotions in 

the brain. 



Delgado, M. R. et al (2008) Nat. Neurosci 2008 Aug; 11(8): 880–881



color of the cue determines the monetary reward

Delgado, M. R. et al (2008) Nat. Neurosci 2008 Aug; 11(8): 880–881

Depiction of task-related events and behavioral results. (a) Participants 
were presented with two conditioned stimuli (CS, colored squares depicted 
in figure as dark and light gray squares). The CS+ trial (dark gray) 
predicted a potential monetary reward ($4.00), whereas the CS− trial (light 
gray) predicted no monetary reward ($0). Prior to conditioned stimuli onset, 
the cues ‘Attend’ or ‘Regulate’ served as instructions for that trial. (b) SCRs 
from 15 participants showing an interaction between type of conditioned 
stimulus (CS+, CS−) and type of instruction (attend, regulate; ± s.e.m.).



Delgado, M. R. et al (2008) Nat. Neurosci 2008 Aug; 11(8): 880–881

Neuroimaging results. 
(a) Activation of the striatum bilaterally identified by a contrast of 
attend CS+ versus CS− trials (expectation of reward). Mean beta 
weights from both ROIs showed an interaction between type of 
condition stimulus (CS+, CS−) and instruction (attend, regulate; ±
s.e.m.). 

(b) Mean beta weights for left middle frontal gyrus ROI showing 
elevated responses during the regulate CS+ compared with the 
attend CS+ condition (± s.e.m.).



DLPFC can regulate 

act ivit y in t he 

N.Accumbens during 

t he  decision making

process. 

Delgado, M. R. et al (2008) Nat. Neurosci 2008 Aug; 11(8): 880–881
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