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Phineas Gage:

•Sept. 13, 1848
•Working on the rail road
•Rod impaled his head.
•3.5’ x 1.25”
•13 pounds





What happened to Phineas?
•He survived!!
•Major personality change
•“His mind was radically changed …     
• No longer the same person.” 
•Fitful, irreverent, grossly profane, 
impatient, obstinate...

Frontal Lobe Damage



Southern Medical Journal, January 1937















https://www.youtube.com/watch?v=ftDGcCbkeH4








https://youtu.be/5B2pQkqM6nc?t=87

https://youtu.be/5B2pQkqM6nc?t=87
https://youtu.be/5B2pQkqM6nc?t=87


The modern day Phineas Gage

https://www.youtube.com/watch?v=mlii0R90frg


Iowa Card Gambling Test

•Participants are presented with 4 
decks of cards.

•Each time they choose a card they 
will win money  reward.

•Goal: maximize $$$

Every card drawn will earn 
money.

•Sometimes particular cards in a deck 
will cause them to lose some money.

•Decks differ from each other in terms 
of rewards and loses.

Occasional cards will have a 
penalty. •Some decks are “good” decks  over 

the long time the player will win more 
money.

•Some decks are “bad” decks long 
term player will lose.

Over time, subjects sample cards 
from all 4 decks

Normal
sample from each deck

good at detecting “good” decks

Galvanic skin response – stress response over “bad” decks

OFC dysfunction patients
perseverate with bad decks

they “know” that they are losing money

never develop the physiological reaction to impending 
punishment.

http://www.millisecond.com/download/samples/v3/IowaGamblingTask/IowaGamblingTask.web
https://www.youtube.com/watch?v=mlii0R90frg
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Defining morality

‘Moral’ (derived from the Latin moralis) 

and ‘ethical’ (from the Greek êthikos) 

originally referred to the consensus of 

manners and customs within a social 

group, or to an inclination to behave in 

some ways but not in others.



How does the human moral mind emerge from 
the interaction of biological and cultural factors? 

How can the context-dependent nature of 
moral cognition be explained by neuroscience? 

How does moral cognition relate to emotion 
and motivation, and what are their neural 
substrates?



The neural basis of moral cognition

• Moral behavior impairment

Impairment in ‘moral sense’ , or ‘moral insanity’ , was 
first formally described as a “perversion of natural 
feelings, affections, inclinations, temper, habits, 
moral dispositions, and natural impulses”





Percentage of items on aggression and violence from the Katz Adjustment Scale (an 
inventory that indicates the behavioral adjustment of the subject to home life) 
endorsed by friends and family members of controls and patients whose lesions 
included or were restricted to the frontal lobes or to nonfrontal regions.



Brain regions crucial for moral cognition:

Cortical regions include: 
the anterior prefrontal cortex (aPFC), 

the medial and lateral orbitofrontal cortex  (mOFC and lOFC), 

the dorsolateral PFC (DLPFC; mostly the right hemisphere)

additional ventromedial sectors of the PFC (vmPFC), 

the anterior temporal lobes (aTL)

the superior temporal sulcus (STS) 



Brain regions crucial for moral cognition:

Subcortical regions include: 
amygdala,

ventromedial hypothalamus,

septal area and nuclei

Basal forebrain (especially ventral striatum/pallidum)

The walls of the third ventricle

Rostral brainstem tegmentum



In resolving moral dilemmas, 
should emotion
be our guide? 



The subjects were given moral dilemmas designed to pit 
two competing considerations against one another. 

For example, this type of 
dilemma presents subjects 
with the choice of 
whether or not to 
sacrifice one person’s 
life to save the 
lives of others.

utilitarian calculation of how to maximize aggregate welfare versus
a strong emotional aversion to the proposed action. 



Impersonal moral scenario

Personal moral scenario

Flip a switch v. push someone off the bridge to stop the train.



Impersonal moral scenario

Flip a switch v. push someone off the bridge to stop the train.

Personal moral scenario

emotionally salient



neurobiological processes 
underlying moral judgment
Do emotions play a causal role in moral judgment?

Do emotion-related areas of the brain contribute to 
moral judgment?



Do emotional processes, conscious or unconscious, 
may also play an important role in moral judgments?

Studies of clinical populations reveal an association between 
impaired emotional processing and disturbances in moral behavior.

Neuro-imaging studies have consistently 
shown that tasks involving moral 
judgment activate brain areas known to 
process emotions.

Behavioral studies have demonstrated that manipulation of 
affective states can alter moral judgments.



The VMPC projects to basal 
forebrain and brainstem regions 
that execute bodily components 
of emotional responses, and 
neurons within the VMPC 
encode the emotional 
value of sensory stimuli.

The  ventromedial prefrontal cortex (VMPC) .

Image from Wikipedia



Lesion overlap of VMPC patients. 
Lesions of the six VMPC patients 
displayed in mesial views and 
coronal slices. The color bar 
indicates the number of 
overlapping lesions at each voxel.

The judgments in 
individuals with focal 
damage to the 
ventromedial
prefrontal cortex was 
performed to test this 
question.

Chicken or egg? 
Are emotional regions of the brain a cause or consequence of moral judgment?

Koenigs, M. et al. , Damage to the prefrontal cortex increases utilitarian moral judgements.  Nature, (446)



What happens if there is a lesion there? 
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All six VMPC patients had impaired autonomic 
activity in response to emotionally charged 
pictures, as well as severely diminished 
empathy, embarrassment and guilt.

They were shown pictures of social disasters, etc. and 
their emotional response was measured using galvanic 
skin conductance measurement tools.



Non-
moral

Impersonal
moral Personal moral

No 
significant 
differences 
between 
groups

No 
significant 
differences 
between 
groups

VMPC group was more likely 
to endorse the proposed 
action. than

Normal Controls

Brain Damaged Controls

Probability of utilitarian 
responses given for each type:



VMPC mediated processes affect only those 
moral judgments involving emotionally salient 
actions.

“VMPC is a critical neural substrate for the 
intuitive/affective but not for the 
conscious/rational system.”



The implication …
is that people

with impaired emotional 
responses will have

altered moral intuitions. 
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