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What does it all mean to you?

How are habits How do habits

different from other
types of learning? form7

Why are they so Which behaviors turn
hard to break? into habits?




Characteristics of Habits

L=z dal=sl e Experience dependent plasticity
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Habit is the most effective
teacher of all things.
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—Pliny

" We are what we
repeatedly do. Excellence,
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“....at home in Playa del Rey,
preparing for dinner, when his
wife mentioned that their son,
Michael, was coming over.

“Who’s Michael?” Eugene asked.

“Your child,” said his wife,
Beverly. “You know, the one we
raised?”

Eugene looked at her blankly.
“Who is that?” he asked.”

The next day, Eugene started vomiting
and writhing with stomach cramps.
Within twenty-four hours, his dehydration
was so pronounced that a panicked
Beverly took him to the emergency room.

His temperature started rising, hitting 105
degrees as he sweated a yellow halo of
perspiration onto the hospital’s sheets. He
became delirious, then violent, yelling and
pushing when nurses tried to insert an IV
into his arm.

Only after sedation was a physician able

to ... extract a few drops of cerebrospinal
fluid.”



“The fluid surrounding the brain and spinal nerves is a barrier against \
infection and injury. healthy individuals, it is clear and quick flowing, moving

with an almost silky rush through a needle. The sample from Eugene’s
spine was cloudy and dripped out sluggishly, as if filled with
microscopic grit. When the results came back from the laboratory,

Eugene’s physicians learned why he was ill: He was suffering from viral

encephalitis, a disease caused by a relatively harmless virus that
produces cold sores, fever blisters, and mild infections on the
skin. In rare cases, however, the virus can make its way into the

brain, inflicting catastrophic damage as it chews through the delicate

folds of tissue where our thoughts, dreams—and according to some, souls—reside.”/
Duhigg, C. (2012) “The Power of Habit: Why We Do What We Do in Life and Business "




Damage to pat|ent EP’S Coronal T -weighted image
: : ) 7 Ak at the level of the amygdala.
brain: bilateral medial

Damaged tissue is indicated

temporal lobe. o by a dark signal.
« amygdala and the entire »
hippocampal region.

T,-weighted axial images
through the temporal lobe. The
images are continuous 5-mm
sections (with 2.5-mm gaps)
and are arranged from ventral
to dorsal (left to right).

Damaged tissue is indicated by
a bright signal.

Bayley, P. J. et al (2005) Nature, Vol 436




T2-weighted axial MRIs of patients E.
P. (right) and H. M. (left), through the
level of the temporal lobes. Damaged
tissue is indicated by bright signal.
Images are oriented according to
radiological convention (the right side
of the brain is on the left side of the
image). Both patients sustained
extensive damage to medial temporal
lobe structures. Scale bar, 2 cm

Stefanacci et al. (2000) J. Neurosci., 20(18):7024-7036 7025



T1-weighted coronal images through the
temporal lobes of E. P (left) and 74-year-old
control (right).

Damaged tissue in E. P. is indicated by dark
signal.

In panel A: the amygdala, rostral
hippocampus, parahippocampal gyrus
(comprising the entorhinal and perirhinal
cortices at this level), and the fusiform gyrus
are extensively damaged bilaterally.

In C, nothing remains of the intraventricular
portion of the hippocampal formation
except perhaps a thin remnant of tissue
bilaterally. The damage to the fusiform
gyrus can be seen on both sides. Entorhinal
and perirhinal cortices are severely
compromised bilaterally.

Scale bar: A, 2.cm Stefanacci et al. (2000) J. Neurosci., 20(18):7024-7036 7025




E. P. couldn’t Some mornings he
would get out of bed,

remember which E P didn't seem walk to the kitchen,
day of the week

it was, the names
of his doctors or

to remember cook himself bacon
and eggs, then climb

the_irfriends or back under the covers
famlly members. and turn on the radio.
He had trouble

matter how Eollowi
ollowing Forty minutes later he

many times they .
: d J conversations... would repeat the
Introauce same actions, again

themselves. and again!

nurses, no

Duhigg, C. (2012) “The Power of Habit: Why We Do What We Do in Life and Business "







routine

“The doctors had warned Beverly
that she would need to monitor
Eugene constantly.

If he ever got lost, they said, he

would never be able to find his way

reward home. But one morning, while she
was getting dressed, Eugene slipped

out the front door. ...”

C. Duhigg




BAXG

To test if Eugene was forming new habits, Squire devised an experiment. He
took sixteen different objects—bits of plastic and brightly colored pieces of toys—
and glued them to cardboard rectangles. He then divided them mnto eight pairs: choice

A and choice B. In each pairing, one piece of cardboard, chosen at random, had a
»].21

sticker placed on the bottom that read “‘correct.

Eugene was seated at a table, given a pair of objects, and asked to choose one.
Next, he was told to turn over his choice to see if there was a “correct” sticker
underneath. This is a common way to measure memory. Since there are only sixteen
objects, and they are always presented i the same eight pairings, most people can
memorize which item is “correct” affer a few rounds. Monkeys can memorize all the
“correct” itens affer eight to ten days.

Duhigg, C. (2012) “The Power of Habit: Why We Do What We Do in Life and Business "




But as the weeks passed, Eugene’s performance improved. Afier twenty-eight
days of trammng, Eugene was choosing the “correct” object 85 percent of the time. At
thirty-six days, he was right 95 percent of the time. After one test, Eugene looked at
the researcher, bewildered by his success.

“How am I doing this?”” he asked her.

“Tell me what s gomg on m your head,” the researcher said. “Do you say to

yourself, ‘I remember seeing that one’?”’
“No,” Eugene said. “It’s here somehow or another—he pointed to his head

“and the hand goes for 1t.”

Duhigg, C. (2012) “The Power of Habit: Why We Do What We Do in Life and Business "
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LETTERS

Robust habit learning in the absence of awareness
and independent of the medial temporal lobe

Peter J. Bayley', Jennifer C. Frascino' & Larry R. Squire' ="

Habit memory is thought to involve slowly acquired associations between stimuli and responses and to
depend on the basal ganglial. Habit memory has been well studied in experimental animals but is poorly
understood in humans because of their strong tendency to acquire information as conscious (declarative)
knowledge. Here we show that humans have a robust capacity for gradual trial-and-error learning that
operates outside awareness for what is learned and independently of the medial temporal lobe.

We tested two patients with large medial temporal lobe lesions and no capacity for declarative memory.
Both patients gradually acquired a standard eight-pair object discrimination task over many weeks but at
the start of each session could not describe the task, the instructions or the objects. The acquired
knowledge was rigidly organized, and performance collapsed when the task format was altered.



e Slowly acquired associations
between stimuli and response

e Trial and error learning
e Performance based

e Operates outside of awareness
e Trial and error learning
e Ridged organization
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Basal ganglia

Cerebellum grain sté

Image from Mayo Clinic




Corpus
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Caudate nucleus

Putarmen

Globus pallidus:
External segrment
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Subthalamic
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Substantia nigra




. Have a major role in normal
voluntary movement.

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

. BG nuclei receive primary input
from the cerebral cortex and
send output to the brain stem

and, via the thalamus, back to - "

motor cortices. \
. The motor functions of the %\\\1““"’

basal ganglia are therefore \

mediated, in large part, by

motor areas of the frontal

cortex.

gt
- ==

the prefrontal, premotor, and \(’ “
o=







Largest subcortical brain structure

ﬂ 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. ,j oh
globus pallidys

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




Midbrain

Wikipedia




Operational definition of habit:

e Behaviors are goal directed > get food reward!

Initial stage e Behaviors have not become automatic

e Reqularly performed behaviors on cue
e Cued response —even with lower or no reward

Extended training

}igey e buiwuoy

e "Behaviors performed not in relation to a current
or future goal but rather in relation to a (successful)

previous goal.” b .
repetitive, sequential,

context-triggered
behaviors




Building Neural Representations
of Habits

Mandar S. Jog,' Yasuo Kubota,** Christopher I. Connolly,?
Viveka Hillegaart,* Ann M. Graybiel®t

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 2 . il s - I
changes in the neuronal activity patterns occurred in the Animals with Inju red basal

sensorimotor striatum during behavioral acquisition, ga ng| ia developed problems
culminating in task-related activity emphasizing the

beginning and end of the automatized procedure. The new with tasks such as Iearning how

ensemble patterns remained stable during weeks of subsequent to run th rough mazes.
performance of the same task. These results suggest that the S /

encoding of action in the sensorimotor striatum undergoes
dynamic reorganization as habit learning proceeds. Jog, M. S. etal (1999) SCIENCEVOL 286




“...no discernible pattern in

their meanderings. It What are the chances of
seemed as if each rat was finding chocolate here???
taking a leisurely,
unthinking stroll.” Yuml

Rat would
wahder corners

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




The experiment was

While the animal
& e e repeated hundreds of times

wandered through the
maze — Rat’s brain activity

changed.
~When the rat Rat stopped sniffing

corners and making wrong
turns. :
: - Zipped through the maze
with activity. much faster

sniffed or scratched a
wall the brain exploded

"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. etal (2999) SCIENCEVOL 286




Experimental paradigm for assessing habit learning.

Start Turn
Initiation End

/ Decision \ Goal Consummatory
W&s
o) - =01 20

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).

Jog, M.S. et al (1999) SCIENCEVOL 286




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 (21999) SCIENCEVOL 286
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Activity Dopamine
became neurons shifted Dopamine —
centered their firing pattern containing
around the to respond to the neurons fired
beginning and | earliestindicator predictively.

end of the task of reward

O @ @ @

Restructuring

striatal neural
response

during habit
formation




AGele=il=ls Wi @ Receives the most input
habits from the cortex

Decision to e Automatic habit
el Tadlil response

e Receives (DA) input from
substantia nigra (pc)

Dopamine input

Output e Global Pallidus (i/e)

— caudate




How is the template developed?

Correlation—> Convergence—>
spatiotemporal Striatum receives
association by information from
striatal neurons multiple areas

Gradual
tuning in
striatum

Code a set of
tasks into
“chunks”



Obsessive-compulsive disorder

e OCD
e Once considered as neurosis — psychic conflict

Characteristics:

* Intrusive, repetitive thoughts -- obsessions
e Impaired by the need to perform stereotypic, repetitive rituals — compulsions

-
/OIISBSSII]NS

RELIEF ANXIETY

COMPULSIONS

Examples

e Contaminated —wash hands repetitively
 Failed responsibility — keep checking stove

Patients know

e Their thoughts are senseless
e Cannot control the obsession or compulsion — *mental tics”




obsessions compulsions

Highly Rituals
negative designed to
lessen anxiety
& J




Huntington's circult — ey " P

Prafrontal cortex

Caudate nucheus

Thalamus




Orbitofrontal e Involved in complex tasks
cortex e e.g. decision making

Ve ntra| Caudate e Located within the basal ganglia

e Basal ganglia: centers for initiating and coordinating

nucleus various aspects of movement (including involuntary tics)

e Relays and integrates sensory
information




