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Course Overview
Week I: Decision Making Theory September 12th, 2018
Week II: Neural Evidence for Value September 19th, 2018
Week III: Neural Decision Systems September 26th, 2018
Week IV: System I and System II October 10th, 2018
Week V: Emotional Decisions October 17th, 2018
Week VI: Current Research in Decision Making October 24th, 2018



Study 1



The Idea

Addicted individuals continue substance use despite knowledge of 
harmful consequences

Why? Potentially a difficulty in considering alternative choices. 
(failure to explore)

Participants
n = 43 alcohol dependent patients
n = 35 healthy control volunteers



Key manipulation: The reward contingencies changed halfway through the experiment forcing participants
to learn the new stimulus – reward mappings.
Key manipulation: The outcomes were anti-correlated – if one door was good the other was bad and vice versa.



Alcohol dependent patients were not able to process the reversal of outcome probabilities



All patients processed the rewards in all conditions (i.e., were able to compute prediction errors)



However, alcohol dependent patients were not able to process the “double-update”, the ”what if”
associated with evaluating the other outcome and necessary to make the post reversal switch.



WIN!

Choice of Vblue or Vred

Compute PE = Outcome (reward) – Expectation (Vblue)

Update value of Vblue

Outcomes are anti-correlated:
Thus, also update value of Vred



However…

Alcohol-dependent patients can still learn the initial task configuration.
(Initially acquire value that drinking if rewarding)

However, after the reversal the values are set so they cannot update 
the value of the alternative choice.
(However, once drinking is a problem cannot update the values for 
alternative choices, e.g., not drinking)



Study 2



The Idea

Cocaine use tends to make individuals more impulsive and more 
compulsive.

Why? Possible disruption of normal neural connections between 
different brain regions.

Participants
n = 56 cocaine users
n = 56 healthy control volunteers





No task, just a MRI scan utilized to see the connectivity between brain regions



Cocaine Users

Increased connectivity between:

Right Ventral Striatum and PFC, OFC
Right Rostral Putamen and Middle Frontal Gyrus

Decreased connectivity between:
Right Caudal Putamen and Middle Cingulate Cortex
Right Caudal Putamen and Hippocampus



Difference between go pathway (Ventral Striatum to PFC/OFC) and stop pathway (Ventral Striatum to ACC)
correlates with symptoms of cocaine use.



Correlation between Current Use ($ per week) and BIS-11 score and connections between Dorsal Caudate
and Left and Right DLPFC



Conclusions

Impulsivity and compulsivity might not originate from a specific brain 
region but instead be reflected as differences in the connectivity
between brain regions.

These connectivity's are disrupted by cocaine use.



Study 3



The Idea

People with Parkinson’s Disease can have trouble with decision-making 
in a variety of conditions.

Why? Possible disruption of decision-making circuitry, especially 
dopamine dependent pathways.

Participants
n = 15 PD patients
n = 15 healthy control volunteers





View faces and determine the emotion present and the gender of the person.









Performance on the IOWA Gambling Task



Game of Dice Task

Players can place bets on
“risky” or “safe” gambles.



Conclusions

Disruptions of decision-making circuitry, especially dopamine 
dependent pathways, underlies impaired decision-making in people 
with PD.



Study 4



The Idea

People with dementia have trouble processing social norms which can 
then impair decision-making.

Why? Our ability to evaluate social norms seems to be related to intact 
function of a network between frontal (PFC) and sub-cortical (VS) 
regions. This network is disrupted by dementia.

Participants
n = 22 frontotemporal dementia
n = 22 healthy control volunteers







Opponents were framed as “pro-social” (down on their luck, poor) or “punishing” (rich / well to do)



People with dementia has decreased neural activity in dorsal putamen, anterior insula,
lateral orbitofrontal cortex.



Conclusions

The putamen and orbito-frontal cortex play a role in evaluating social 
norms relative to decision-making.



Study 5



The Idea

People with depression can have impaired decision-making ability.

Why? This could possibly be due to differences in neural processing – in 
particular in reward evaluation parts of the brain.

Participants
n = 25 depressed patients
n = 25 healthy control volunteers



Key Manipulation: Hidden patterns of increasing or decreasing fairness of offers.



Depressed participants performed the same as controls but were less happy with fair offers.



More activity is nucleus accumbens, dorsal caudate nucleus, and vmPFC when fairness was increasing for controls



More activity is medial occipital lobe when fairness was decreasing for controls



Conclusions

Findings suggest that nucleus accumbens and dorsal caudate nucleus 
may be linked to impairments in experiencing positive social interaction 
in depression – thus impacting decision-making in these situations.



Study 6



The Idea

People with psychopathy make different decisions than the rest of us.

Why? Again, differences in neural circuitry.

Participants
n = 46 depressed patients
n = 49 healthy control volunteers





The higher the psychopathy score, the less connectivity between Intraparietal sulcus and the ACC.



The higher the psychopathy score, the less connectivity between Intraparietal sulcus and the PC.



Differences in ACC (conflict), Precuneus (self-awareness), and Insular Cortex (emotion).



Conclusions

People with psychopathy make different decisions because of reduced 
functional connectivity between parts of the brain involved in decision-
making.



Study 7



The Idea

People with psychopathy make different decisions than the rest of us. 
In this case, they tend to be more dishonest.

Why? Inhibition of reward circuitry in the ACC.

Participants
n = 67 incarcerated individuals with psychopathy



Participants were told this was a study
of psychic ability.

There was a “hidden” opportunity to be
dishonest – in the ”Op: Opportunity” condition
participants did made a prediction about outcome
to themselves. Thus, they could claim they were
accurate after the fact (dishonesty).



Relationship between psychopathy, response, and activity in ACC.



Interestingly, a connectivity relationship was also revealed with DLPFC
that scaled inversely with psychopathy.



Conclusions

People with psychopathy had reduced activity in a reward processing
part of the brain that was related to dishonesty. This was also related to 
connectivity with a part of the brain associated with cognitive control.



Study 8



The Idea

Social context clearly impacts decision-making, but how?

Why? Evidence would suggest emotional parts of the brain (the 
amygdala) would play a role in this process.

Participants
n = 4 monkeys



Monkey can choose to give or withhold reward (Dictator Game)





Firing in the amygdala encoded self relative to other



Conclusions

The amygdala also seems to contribute to social decisions by encoding 
relative emotion values.



Study 9



The Idea

We posit that a decision-threshold has to be reached before action.

Why? As evidence accumulates our values change but at some point a 
decision is made – thus a threshold has been reached.

Participants
n = 20 healthy participants



Key Manipulation: Changing threshold of detection depending on coherence – participant has to make
a decision on dot direction.



Amplitude of the brain wave component negativity scales to level of coherence 
prior to the response suggesting a threshold has been reached.



Conclusions

Brain waves appear to scale to needed threshold levels of detection 
prior to a response – this at least partially validates evidence 
accumulation decision-making models.



Study 10



The Idea

People with Fetal Alcohol Syndrome Disorder (FASD) have impaired 
cognitive function.

Why? In utero exposure to alcohol via the mother damages the 
developing brain.

Participants
n = 21 participants with FASD
n = 21 healthy participants













Conclusions

FASD results in differences in brain function during performance of a 
simple decision-making task – these differences result in differences in 
behavior.



Study 11



The Idea

Mindfulness training may improve human decision-making.

Why? It is well established now that mindfulness practitioners have 
different patterns of brain activity that controls.

Participants
n = 17 participants with FASD
n = 10 healthy participants









Increase in activity in the septal region (plays a role in human reward processing)



Also observed was increased connectivity with posterior insular (emotion)



Conclusions

Mindfulness training changed brain activity in reward processing areas 
of the brain and connectivity with emotional areas of the brain.





The Idea

We know that higher level information – heuristics – can bias our 
actions.

Why? Potentially differences in neural processing of outcomes.

Participants
n = 30 healthy younger adults









Conclusions

Heuristics can exert a top-down bias on low-level reward systems.





The Idea

Age impacts decision-making. In this case, we know older adults can be 
prone to making more motor errors than younger adults.

Why? Potentially differences in ability to process errors.

Participants
n = 20 healthy younger adults
n = 20 healthy older adults









Conclusions

Reduced ability to evaluate movement errors may underlie 
performance deficits observed as we age.



Study 14



The Idea

Age impacts decision-making.

Why? Potentially differences in neural activity in different regions of 
the brain.

Participants
n = 18 healthy younger adults
n = 18 healthy older adults



A complex task.

One option maximizes rewards, the other 
improves the state of the participant. In other 
words, one pays out more (left blue bar), the 
other increases progress toward the goal (right 
blue bar).











Conclusions

Younger adults had more activity in ventral striatum (reward focus), 
older adults had more activity in DLPFC (goal focus).



Review

1. Expected Value
2. Exploitation or Exploration
3. Threshold Decision Making
4. Neural Evidence of Expected Value / Exploration / Exploitation
5. System I versus System II
6. Emotional Decision-Making
7. Individual Differences


