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Linking thought and movement simultaneously!
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1. Have a major role in normal 
voluntary movement. 

2. BG does not have direct input or 
output connections with the 
spinal cord. 

3. BG nuclei receive primary input 
from the cerebral cortex and 
send output to the brain stem 
and, via the thalamus, back to 
the prefrontal, premotor, and 
motor cortices.

4. The motor functions of the 
basal ganglia are therefore 
mediated, in large part, by 
motor areas of the frontal 
cortex.





Largest subcortical brain structure

The basal ganglia receive inputs from the 
neocortex and, by way of their output nuclei, 
the basal ganglia nuclei project massively to 
thalamic nuclei, which in turn project to the 

frontal cortex. This anatomy means the 
basal ganglia are in a prime position 
to influence the executive functions 

of the forebrain, such as planning for 
movement and even cognitive behaviors.”

“

Graybiel, Ann. (2000). "The Basal Ganglia." Current Biology, 10(14), R509-511

Prefrontal 
cortex

Pre-motor 
cortex

M1

Parietal 
Lobe

caudate

(i)
(e)

thalamus



Wikipedia http://thebrain.mcgill.ca/flash/a/a_06/a_06_cr/a_06_cr_mou/a_06_cr_mou_2b.jpg



Operational definition of habit:
• Behaviors are goal directed get food reward!
• Behaviors have not become automaticInitial stage

• Regularly performed behaviors on cue
• Cued response – even with lower or no rewardExtended training

• “Behaviors performed not in relation to a current 
or future goal but rather in relation to a (successful)  
previous goal.”

Context triggered 
behavior

form
ing a habit

repetitive, sequential, 
context-triggered 

behaviors



Jog, M. S. et al  (1999) SCIENCE VOL 286

Memories for habits and skills (implicit or procedural memory) 
and memories for facts (explicit or episodic memory) are built 
up in different brain systems and are vulnerable to different 
neurodegenerative disorders in humans. So that the striatum-
based mechanisms underlying habit formation could be 
studied, chronic recordings from ensembles of striatal 
neurons were made with multiple electrodes as rats learned 
a T-maze procedural task. Large and widely distributed 
changes in the neuronal activity patterns occurred in the 
sensorimotor striatum during behavioral acquisition, 
culminating in task-related activity emphasizing the 
beginning and end of the automatized procedure. The new 
ensemble patterns remained stable during weeks of subsequent 
performance of the same task. These results suggest that the 
encoding of action in the sensorimotor striatum undergoes 
dynamic reorganization as habit learning proceeds.

Animals with injured basal 
ganglia developed problems 

with tasks such as learning how 
to run through mazes. 



What are the 
chances of finding 
chocolate here???

Yum!

Rat would 
wander

Sniffing 
corners

Scratching 
walls

Could not figure out how to find the chocolate at first.
Jog, M. S. et al  (1999) SCIENCE VOL 286

“…no discernible pattern in 
their meanderings. It 

seemed as if each rat was 
taking a leisurely, 
unthinking stroll.”



While the animal 
wandered through the 

maze – the basal 
ganglia was firing 

furiously.  When the rat 
sniffed or scratched a 

wall the brain exploded 
with activity.

Jog, M. S. et al  (1999) SCIENCE VOL 286

The experiment was 
repeated hundreds of times 

• Rat’s brain activity 
changed.

• Rat stopped sniffing 
corners and making wrong 
turns.

• Zipped through the maze 
much faster.

“As each rat learned how to navigate the maze, its mental activity decreased. As the 
route became more and more automatic, each rat started thinking less and less.”



Jog, M. S. et al  (1999) SCIENCE VOL 286

Experimental paradigm for assessing habit learning. 

Event-related neuronal firing patterns were recorded in relation to 
start, tone, turn, and goal reaching from electrodes placed in the 
sensorimotor striatum (dorsolateral caudo-putamen).



Reorganization of neuronal activity in the sensorimotor striatum during habit learning.

Schematic activity maps representing the average proportion of task-related 
units responsive to different parts of the task from early to late in training. 

Jog, M. S. et al  (1999) SCIENCE VOL 286



Restructuring 
striatal neural 

response 
during habit 
formation

Activity 
became 
centered 

around the 
beginning and 
end of the task

Dopamine 
neurons shifted 

their firing pattern 
to respond to the 
earliest indicator 

of reward

Dopamine –
containing 

neurons fired 
predictively. 

   



striatum

caudate

putamen

• Receives the most input 
from the cortex

Associated with 
habits

• Automatic habit 
response

Decision to 
perform an action

• Receives (DA) input from 
substantia nigra (pc)Dopamine input

• Global Pallidus (i/e)Output



Is pathological gambling a brain disorder?
Habib & Dixon (2010)





Pathological Gamblers

People who have lied to their 
families about their 
gambling, 
Missed work to gamble
Bounced checks at casinos

Social Gamblers

No problematic behaviors 
with gambling.





win loss near miss

The slot machine was 
programmed to deliver 
three outcomes:

slots almost matched up but, at the 
last moment, failed to align



• Pathological gamblers got more excited about winning
• Brain areas associated with emotion and reward much more active
• Near misses looked like wins
• Brains reacted the same for a near miss as a win.
• Pathological gamblers got a “mental high” from a near miss.
• Social gamblers  near miss = a loss

• “I should quit now before I lose more”

Non pathological 
gamblers – near 

misses looked like a 
loss.



Harrah’s Entertainment “Pavlovian Marketing Scheme”
• Leader in sophisticated customer-tracking systems
• computer programs that studied gamblers’ habits
• Harrah’s tried to figure out how to persuade them to spend 

more money and time at the casino
• Players were assigned a  “predicted lifetime value”  score
• Software created calendars that anticipated how often 

gamblers would visit and how much they would spend
• The company tracked customers through loyalty cards
• In addition they mailed out coupons for free meals and cash 

vouchers
• Telemarketers called people at home



Adding a near miss to a lottery is 
like pouring jet fuel on a fire,” said a 
state lottery consultant who spoke 

to me on the condition of 
anonymity. “You want to know why 

sales have exploded? Every other 
scratch- off ticket is designed to 

make you feel
like you almost won.”



How is the template developed? 

Gradual 
tuning in 
striatum

Correlation
spatiotemporal 
association by 

striatal neurons

Convergence
Striatum receives 
information from 

multiple areas

Code a set of 
tasks into 
“chunks”



Obsessive-compulsive disorder
• OCD
• Once considered as neurosis – psychic conflict

Characteristics:

• Intrusive, repetitive thoughts -- obsessions
• Impaired by the need to perform stereotypic, repetitive rituals – compulsions 

Examples
• Contaminated – wash hands repetitively
• Failed responsibility – keep checking stove

Patients know

• Their thoughts are senseless
• Cannot control the obsession or compulsion – “mental tics”



obsessions

Highly 
negative 
thoughts

compulsions

Rituals 
designed to 

lessen anxiety





• Involved in complex tasks 
• e.g. decision making

Orbitofrontal
cortex

• Located within the basal ganglia
• Basal ganglia: centers for initiating and coordinating 

various aspects of movement (including involuntary tics)

Ventral caudate 
nucleus

• Relays and integrates sensory 
informationThalamus



Recall the 
following 

information from 
the OCD reading:



Buckholtz J. et al. July 30, 2010 Science



Impulsivity 
variation among 

individuals

Ability to deliberate 
on consequences of 

an action.

Impulsivity linked 
to dopamine

Learning and 
reward.



OCD and the striatum

Abnormal activity in 
OCD patients

Changes in 
abnormal activity 

with treatment

OCD symptoms: 
sequential repetitive 
behaviors driven by 

compulsions

Behaviors are 
performed as 

“chunks”





Graybiel, A. (1998)



Lesion before 
training

Stopped 
after 2nd

step!

Prevented 
the chunking

Lesion after 
training

Continued 
with the 3 

steps

Bound the 
behaviors 

into a chunk

Training: 
Two 

monkeys 
trained in 3-

step task

Reward 
always 

came at 
end.

Post surgery: the reward was given one step earlier

unilateral lesion of the nigrostriatal system
Graybiel, A. (1998)

It was 
a 

habit!



Slow learning and chunking

slow learning is 
necessary

NOT paying 
attention to task 

is essential

repeated over 
time

“the predictive firing of dopamine-
containing neurons and the chunking of 

habit steps makes it especially difficult to 
break a habit once it is formed.”

Graybiel, A. (1998)
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