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Brainstem main func�ons

10 cranial nerves pass 

through the brainstem, 

transmi-ng sensory 

informa�on and controlling 

eyes, face and speech 

related movements.

Central pa.ern generators or 

neural circuits producing 

rhythmic ac�vity, in the 

brainstem and spinal cord 

enable respira�on and 

locomo�on.

Global control of access to 

sensory input, alertness, 

emo�onal states, pain, 

posture, locomotor reflexes. 
Gray’s anatomy (1918): spinal cord, medulla 

oblongata, pons, mesencephalon, midbrain.



Brainstem func�ons

Brainstem is the sensory/motor gateway to the brain: 

• breaking connec�ons passing through the ventral part of the pons leads 

to the locked-in syndrome; 

• pa�ents are almost completely paralised, only eye blinks and breathing 

are controlled consciously; 

• Jean-Dominique Bauby, Paris journalist, a<er stroke become locked-in, 

film The Diving Bell and the Bu�erfly (2007) is an adapta�on of his story, 

he dictated it by blinking just one eye!

Medulla oblongata, lower half of brainstem has: 

• respira�on centers – chemoreceptors, O2/CO2 level

• cardiac center – sympathe�c & parasympathe�c system.

• vasomotor center – baroreceptors, blood pressure.

• reflex centers of vomi�ng, coughing, sneezing, swallowing.



Brainstem re�cular forma�on

Ascending re�cular forma�on wakes the brain up, preparing for percep�on,  

mental and behavioral ac�ons: rough control without precise analysis. 

Descending re�culospinal tracts project to spinal cord motor neurons, 

modula�ng the tone, balance, posture, and coordina�on of body 

movements with the assistance of other sensory s�muli. 



Brainstem ac�va�on

Ascending re�cular forma�on wakes the brain up, preparing for percep�on,  

mental and behavioral ac�ons: rough control without precise analysis. 
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States of consciousness
PET studies; communica�on with people in MCS is difficult.



States of consciousness
Average cerebral metabolic rate of the use of glucose. 

From:  Stender J, Kupers R, Rodell A et al (2015) Quan�ta�ve rates of brain glucose 
metabolism dis�nguish minimally conscious from vegeta�ve state pa�ents. 
Journal of Cerebral Blood Flow and Metabolism 35(1):58-65



Subliminal s�muliSubliminal s�muli



Strong s�muliStrong s�muli



How brains create experience?How brains create experience?

Sensory cortex sends bo.om-up signals. 

Bo.om-up and top-down ac�va�ons create resonant states. 

What if top-down connec�ons are weak or missing? 

C. Gilbert, M. Sigman, Brain States: Top-Down Influences in Sensory Processing. 

Neuron 54(5), 677-696, 2007

Cor�cal & thalamic sensory lower-level processes are shaped by complex top-

down influences, a.en�on, task-related expecta�ons and sensory inputs. 

Brain states are determined by the interac�ons between mul�ple cor�cal areas 

and the modula�on of intrinsic circuits by feedback connec�ons. 

Disrup�on of this interac�on may lead to behavioral disorders.

Dehaene et al, Conscious, preconscious, and subliminal processing. TCS 2006

Bo.om-up strength & top-down a.en�on combined lead to 4 brain states, 

with both s�mulus and a.en�on required for conscious reportability. 





Expression of emo�ons

Charles Darwin (1872) 

The Expression of the Emo�ons in 
Man and Animals

Even rats can laugh when �ckled … 

Basic emo�ons are similar in many 

animals, but higher emo�ons, 

feeling of shame or pride, require 

self-consciousness and thus may 

be accessible only to humans.

How do we know what is meant 

by emo�ons? Saudade? Amae? 

Alexythymia: problems with 

understanding, processing, 

or describing emo�ons.



Emo�ons & drives

Emo�ons: categories of brain/body states.

Emo�ons may have many func�ons; they

involve physiological arousal, expressive 

behaviors facilita�ng planning and ac�ons 

by providing them with value.  

Basic emo�ons are universal and can be 

recognized on photographs of people 

independently of their ethnic origin. 

Facial Ac�on Coding System is a parametric 

approach to code facial muscle expressions 

but the whole body is the canvas for 

expressing emo�onal states. 

Emo�ons are associated with mood, temperament, personality and 

mo�va�on. Drives mo�vate, direct and energize behavior, emo�ons provide 

affec�ve evalua�on of mo�va�on, posi�ve or nega�ve.
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Affec�ve compu�ng

Robert Plutchik created 3D model 

of emo�ons based on 

combina�on of 2 or 3 basic 

emo�ons, although there are 

great differences in linguis�c 

descrip�on of more subtle 

emo�ons around the world.

Affect in psychology = how 

emo�ons affect behavior. 

Affec�ve compu�ng: recognize, 

interpret, process, and simulate 

human affects in ar�ficial 

systems, including speech, facial 

and bodily expressions.

Emo�on Markup Language 

(Emo�onML).  
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Fear of snakes

Before I recognize that it 

is just a s�ck I stepped on 

I no�ce movements and 

jump. Emo�ons come 

later, preparing me for 

fight or flight. 

Emo�ons: state of brain 

that changes how 

informa�on is processed 

and ini�ates physiological 

processes preparing for 

ac�on.

Fig. source: Scien�fic American Mind




