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How does the brain 
work?

• The brain controls our movements, our 
emotions and our decisions. It makes us 
think, feel, remember and learn.

• The brain interprets signals from the 
outside world, integrates them and 
formulates a response. 



How does the brain 
work?

• Communication in the brain is 
made via neurons: these are 
cells that talk to each other 
through and electrochemical 
process. 



How does the brain 
work?

• Different regions in the brain 
have different functions, they 
are involved in specific 
aspects of information 
processing.



The brain and 
decision-making

• Important to decision-making is 
the frontal part of the brain 
because it hosts executive 
functions.

• The basic activity of executive 
functions is to bring together 
thoughts and actions to help 
achieve internal goals. It 
determines good and bad, 
consequences of current 
activities, working toward a 
goal, and prediction of 
outcomes.



Different modes of 
evaluating choices

• There are broadly 2 ways of making 
decisions, which involve different 
patterns of brain processing:

• Habitual: a stimulus triggers an 
associated response. It is 
automatic, effortless, 
unconscious

• Goal directed: a stimulus is 
evaluated based on all relevant 
information and an optimal 
response is computed. It is 
deliberative, effortful and 
conscious.



Simple choices: the 
value paradigm

• Let’s pick the example of a very 
simple food choice: you need to pick 
either the apple or the orange.

• You see each object. This 
information is encoded in the visual 
system (at the back of the brain). 
Then it is passed on to the reward 
system that predicts how rewarding 
these choices will be. The signal 
reaches the front of the brain where 
the value of each option is 
computed, and a comparison is 
made



Simple choices: the 
value paradigm

• Reward signals are computed in the reward 
system. An important region there is the 
nucleus accumbens (NA). Information is then 
sent to the prefrontal cortex (PFC), often 
considered the “CEO” of the brain. It is 
associated with logical reasoning and 
regulating impulses.

• Research has constantly reported that the 
difference in value between the two options is 
encoded in the ventromedial prefrontal cortex 
(vmPFC), a part of the PFC.

• If you prefer apple to orange, neurons fire to 
represent the magnitude of the preference. 
Now, if we replace the apple for a food you like 
even more, more neurons fire and more activity 
is detected in the vmPFC (in orange)



Complex choices: what are they?

• Complexity means many different things. It could be:
• The choice involves bundles of goods instead of single items

• Options have many dimensions to consider, such as taste and 
health



An example of 
complex choice

• Suppose you just finished soccer practice and you need to choose 
between a balanced protein-bowl and a greasy hamburger

• The problem: the brain evaluates the “taste” attribute quickly and you 
like the hamburger more but if you really think about your athletic 
performance and weigh the consequences of your choice, you prefer 
the protein bowl

• The same logic applies to an adult who is on a diet to lower 
cholesterol



How does the brain 
evaluate complex choices?

• Goal directed evaluation requires more 
systems than just vmPFC. We now need 
to compute the value of a healthy choice 
vs. a non healthy choice and exercise 
self-control.

• The brain brings the dorsolateral 
prefrontal cortex (dlPFC), another part of 
the PFC, to make that choice. The dlPFC
is associated with executive functions 
such as working memory, cognitive 
flexibility, planning, inhibition, and 
abstract reasoning.



Habitual or Goal-directed

• The difference between habitual and goal directed 
responses lies in the kind of computation made by the brain 

• Habitual responses rely on stimulus/action associations and 
translate into activation of some neurons in the reward 
system and the motor cortex.

• Goal directed responses involve prefrontal regions, the 
vmPFC and when necessary the dlPFC.



Habitual or Goal-directed

• Resorting to one system or the other depends on the 
importance of the choice. Goal directed decisions require 
deliberation, which is taxing for the brain.

• It also depends on the context: a person who is also 
attending another task (e.g. talking to someone) may be 
choosing food options in a more habitual way.



Sometimes, something goes wrong

• Processing in the brain may be impaired. 

• In that case, the brain will evaluate options based on what function is available. 

• Impairment of the reward system generate wrong reward signals. For instance, an 
option is associated with a higher or lower reward than what it is.

• Impairment of frontal regions generate wrong value comparisons.  

• Impairment of regions involved in more complex choices generate decisions that do 
not reflect all aspects of the choice.  For instance, you should lower cholesterol and 
change your eating habits, but you do not think about health consequences and you 
never exercise self control



Eating disorders

• Eating disorders result from 
dysfunctions of these systems.

• Dysfunction may be inherited 
(genetic) or acquired (by 
being exposed to bad cues 
repeatedly). 



Addiction to alcohol or drugs

• The same logic applies to the decision to consume drugs vs. 
something else (or nothing).

• Drugs trick the reward center and the prefrontal cortex to 
create an ”addiction”.



What is an 
addiction?

It is a chronic brain disease that is manifested by 
compulsive substance use despite harmful consequence. 
People with a substance use disorder have a distorted 
perception of rewards. Their behavior display

• A lack of self-control;

• An increased desire for addictive substance

• A lack of emotional response

• An inability to refrain/retain from substance use



Addiction and the brain

• Addictive drugs provide a shortcut to the brain's 
reward system by flooding the striatum (that 
contains NA) with dopamine. Dopamine is a 
chemical, called a neurotransmitter,  used to 
send messages between nerve cells. Dopamine 
creates a rapid sense of satisfaction that will be 
remembered, and a conditioned response.

• Regions involved in motivation (orbitofrontal 
cortex) and cognitive control (prefrontal cortex) 
are also disrupted by drugs.



Addiction and the brain

• Because the reward center does not work properly, the 
satisfaction provided by drugs decreases with time and 
needs to be compensated by higher consumption. The 
more one consumes, the more one needs to consume.

• Because prefrontal regions do not work properly, the 
consequences of addiction are not factored in, self control is 
lost.



Addiction and brain 
development

• The brain does not fully mature until the age of 
25. 

• Developing brains are more prone to damage. 
This means that experimentation with drugs and 
alcohol can have lasting, harmful effects.

• Because teenagers have an over-active impulse 
to seek pleasure and less ability to consider the 
consequences, they are especially vulnerable 
when it comes to the temptations of drugs and 
alcohol.  A teen’s ability to bounce back to normal 
after using drugs may be compromised due to 
how drugs affect the brain.



Addiction in teens

• Vaping: tobacco and nicotine vaping have been 
increasing in the recent years. Most teens want to 
experiment, but they become hooked. They also think it 
is less harmful than tobacco. 

• Marijuana: it is the most commonly-used illicit drug by 
adolescents. The percentage of teens who think that 
regular use of marijuana is risky is decreasing



Other forms of 
addiction

• We usually think about drugs, tobacco 
and alcohol when we discuss addiction.

• In fact addiction is diagnosed by 
observing a combination of attitudes 
(impulsive behavior, withdrawal, craving, 
etc). 

• Gambling is another known addiction

• Recently, social media and gaming have 
been included in the list of possible 
addictions. 
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