September 1
Lecture 1
Human Cognition and the Brain (Neuropsychology or Cognitive Neuroscience)
The study of the relationship between the brain and cognition. Many sciences cover the brain and cognition from different perspectives.
THis field evolved out of studying brain disorders and the relation between brain and cognition. Cognition looks at the system without the mechanics and other studies look at just the brain. Neuropsychology started in the 60s. This term lasted till the 80s and then people started calling it cognitive neuroscience because by the 80s all neuro related fields started calling themselves neuroscience. In the 90s cognitive science started emerging and together it was called cognitive neuroscience. 
In the early days the first investigators were neurologists because they had patients.
In the 40s and 50s some psychologists started going to neurological hospitals and tried to study the patients and thats how the field emerged.
The brain is a biological computer for organizing material and processing information. We need this to live and survive, through perception of environment, anaylsis and action.
The most complex brain is the human brain but the logic is the same in all brains.
Specilized organs perceive vision and sounds.
The brain is like many computers. Information comes in and a group of cells process the information in a certain way. The action potential codes something and converges on another cell, which is constantly in a state of semi stimulation, when it fires that cell has integrated information from previous cells and it has coded information in a certain way.
There are specific groups of neurons and after they have talked they send the information to other groups and again there is local integration and some then send feedback and also send somewhere else. When you cut the brain some is darkish red (grey matter), where there are lot sof cells and the whitish parts are the inbetween where there are just long axons that bring information from soem cells.
The grey is collections of hundreds of thousands of nuerons with short axons that stay within and then some of the cells ahve long axons that go to other areas and thats the white matter.
The specific parts within the grey have greek and latin names.
September 3
Lecture 2
The surface of the brain is called the cerebral cortex and is the gray matter on the surface, which is most important in this class because high order processing is there. It is folded to fit in the skull. The folds are called Gyrus or gyri. Between the gyri the empty space is called the sulcus or sulci.
The left hemi is specialized for linguistic information and we call the side view the lateral view. The very big sulcus in the middle is the central sulcus and there is a big fold that is not really a sulcus but a squashing together or the lower and upper parts and thats called the lateral fissure or Sylvian fissure.
A sulcus is a fold with gyrus on both sides while the lateral fissure is two sections squashed 2 together and within it there are lots more sulci and gyri.
The central sulcus divides the frontal lobe from the parietal lobe. The Sylvian Fissure divides the frontal and temporal lobes.
There is no good anatomical mark to seperate the patietal and occipital. Conventionally we use a little sulcus called the parieto occipital sulcus.
Then there is another sulcus called the preoccipital notch below the occipital lobe near the cerebellum, little brain.
If you have a tumor in the cerebellum you cant walk in a straight line or coordinate touching the nose with one finger because it is highly specialized for the precise coordination of movement in time and space.
Now a days some people think the cerebellum may also coordinate our thought processes and if you have a lesion your thought processes would be a little uncoordinated.
Neurologists work a lot with cerebellums but we will not.
We should also notice the brain stem which continues into the spinal cord and it goes in desecending order pons, medulla, spinal cord.
If you have a lesion in the brain stem you will die because it controls heart rate and breathing regulators.
We still dont know all the sulci and gyri of the brain. Today we do fMRIs and have incredible scans of the brains and can even see functional activation studies when performing cognitive tasks and we have seen that we dont really have a detailed enough description of sulci and gyri of the human brain. Instead we have general descriptions of some major sulci.
The problem is that the arrangmenets and the bends of the sulci are very specific to the individual. Sometimes we cant even be sure its the central sulcus.
Anterior to the central sulcus we have the primary motor cortex. It was discovered in research in dogs in the 19th century and they noticed if they electrically stimulate certain parts of the cortex of the dog they get movement of different parts of the dogs body.
Dr Penfield was a neuro surgeon intreested in surgery for epileptics. Most of them can be controlled with medication but some severe epileptics originating from particular parts of the brain for which drugs dont help. Penfield was a pioneer in the surgery. The idea was that you just remove the part of the brain where the seizures start leaving the rest of the brain free from the abnormal tissue. When you do this operation you open a small part of the skull and you see the sulci and they stimulated the brain electrically because they knew first from experiments with monkeys that in primates the motor cortex anterior to the CS and the somatosensory cortex is posterior.
The top is like the foot and further down you get higher up the body. That way DR P would establish in the human brain a motor and somatosensory cortex (Soma is body) with an orderly organization known as Penfields homunculus. There is more space devoted for the parts of the body that are most important for humans its talking and hands but much less for arms. Rats have huge representation of whiskers and tail.
The precentral sulcus, which defines the precentral gyrus, is the location of the primary motor cortex. Posterior to the central suclus we have the postcentral sulcus, which defines the outer limit of the post central gyrus and the somatosensory cortex.
In reality from brain to brain there is trememndous variability and we now have reason to believe that different components of the postcentral sulci may be markers for bodily representation.
Behind the post central sulcus there is the intraparietal sulcus (Intra means inside). It has many branches but it divides the parietal lobe into a superior and inferior parietal lobules.
When we look in the temporal lobe we see the big superior temporal sulcus. It simprotant because it divides the temporal lobe in to the superior temporal gyrus which is a part of the brain primarily invovled in auditory processing. In the left hemi certain parts are invovled in processing language.
Ventrally, there is a big area with various sulci and sometime we speak of a middle temporal gyrus and infferior temporal gyrus.
In the frontal lobe there is an inferior frontal sulcus and a superior frontal sulcus and an intermediate sulcus, which divide the frontal lobe into the superior middle  and inferior frontal gyri. The middle is really two gyri with an upper part and lower part divided partly by the intermediate sulcus. The middle frontal gyrus is a huge part of the brain.
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Lecture 3
THe paraoccipital fissure is deep in the parietal lobe and there is a preoccipital notch deep between the temporal lobe and the parietal lobe. ( I think this must be incorrect it must divide the occipital and temporal lobes.
In real life its much more complicated.
If we look in the depths of the sylvian fissure, we find the Insula which has other sulci and strucutres. It is an enormous area of corex full of its own sulci and gyri. For a long time we didnt know what the insula does and still do not totally but we think and there is good evidence that it is involved of furrther processing of somatosensory tactile sensory and the anterior part with motor control.
There are also two different gyri inside and is where the primary auditory cortex is ( inside the bottom part of the SF (sylvian fissure). We find Heschels gyri which is where the audiotry info reaches the cortex for the first time. The nearby areas are also involved in auditory processing and in the left processing of language.
The part of the inslua that closes on the upper side is called the parietal operculum and on bottom the temporal operculum ( lid in latin) because evolutionarily it was a striaght line of cortex and then was folded. The rat brain for example has one fold.
The medial view of the brain is like the lateral view but actually inside the brain. We can see the surface of the right hemisphere. We call this the medial (mesial view) of the right hemisphere. We immediatly notice the Corpus Callosum which is white matter and it is axons of neurons that live in the left hemi whose axons cross over to the right and vise versa. The CC enables the left and right cortexes to talk to each other. The gray matter is local processing which are local computers and some cells which connect the computers which are the white matter, the cortex is continuous gray matter.
The cingulate sulcus kind of runs parallel to the CC and sandwiches the cingulate gyrus with the CC. We also notice the parietal occipital fissure which on the lateral surface of the hemi was very samll because really it goes around the brain but only turns a little onto the lateral side and that divides the parietal lobe in half.
The calcarine sulcus is also important and is important because the cortex within is the primary visual cortex. By primary we mean the first cortical areas that receive sensory info. In fact though there are many computation steps before we interpret what we see hear and touch.
The Cuneus is the name between the PO fissure and Calcarine sulcus (PVC), and the area between the PO and the end of the cinculate sulcus is the precuneus.
Below the calcarine sulcus we have the lingual Gyrus. Inside the Calcarine sulcus is the primary visual area. The second is on the gyrus and we know there is a third surrounding it and after that were not sure.
People used to coniser the CG as its own lobe then as part of the frontal and amit the back as part of the parietal but its certaintly its own beast.
There is a rhinal Sulcus under the CC and it is called the rhinal sulcus because rhinal is nose. The collateral sulcus is very close by. The para hippocampal gyrus is the area bounded closer to the CC by the rhinal and collateral sulcus. People used to think this is where the olfactory cortex was becuase when we smell above our nose there is the olfactory bulb and the olfactory tract which brings info to a part at the tip of the parahippocampal gyrus. This was clear in lower mammals. We used to call the area the rhinencephalon. RHine meaning nose and encephalon meaning brain. Some small part of the rhinecephalon is the nose brain. Lots of epileptic seizures occur in this area. A neurosuregeon removed the para hippo on both sides and he became amnesiac and he couldnt remember anything new. SO we learned this part of the brain has a small part dealing with the nose and a larger part with memory. That was patient HM.
The part where the olfactory info comes is just a tiny part of hte para hippo gyrus and its called the piriform cortex. Under the microscope its distinct. Around there is the entorhinal cortex (ento meaning within), which is very important for memory and then surrounding that we have the perirhinal cortex, peri means around, so the cortex around and within are very important steps in memory processing. The rest we refer to as the Para hippo campal cortex. IF we leave out the piriform cotex and look behind we have the entorhinal and around that we have the perhinal cortex.The entorhinal cortex is kind of posterior to the piriform and the perirhinal is around the two.
IF we took a section through the Para Hippo cortex we would see collateral suclus with the PH gyrus above it and then tere is a fold which is called the hippocampal suclus and then you see the hippocampas. SO the hippocampas is old cortex that has been folded inside all around it. SO the hippo and piriform are the oldest type of cortex, evolutinarily. So the hippo is underneath the PH gyrus.
Underneath
the piriform and entorhinal cortex we have the amygdala, on each lobe of the brain.
We say old and new cortex in terms of evolutionary history.
The parahippocampal gyrus refers to the piriform and entorhinal cortexes but the PH cortex excludes the other areas.
The hippocampal sulcus is above the parahippocamapl gyrus.
Questions:
What does the preoccipital notch seperate?
Is the Cuneus the primary visual cortex? What is the relevance of the primary visual area in the Calcarine sulcus?
Where is the hippocampal sulcus relative to the rhinal sucus? Which sandwiches the para hippo gyrus? If its the hippocampal and collateral sulci then what does the rhinal sulcus seperate?
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Rostral=anterior while caudal=posterior
Dorsal= superior while ventral=inferior
Gray matter is not only on the surface but is also found within the brain. The best way to understand the subcoritcal structures is to take a coronal section which is just like taking a slice of bread. We can also cut horizantally or sagitally. Horizontal slices are perpendicular to coronal.
In the coronal we can see both cerebral hemispheres. In this way you can see that the insula is continuous with but inside the cortex.
There are other gray matter areas though like the Thalamus in the very center of the brain.
The thalamus is ventral to the CC.
Inside the brain there is a major structure that is called the caudate nucleus. It looks like the corpus collosum. Then there is another structure overlapping(?) within which looks like a smaller circle and its called the putamen. On top of the putamen is the Claustrum. These are all subcortical nuclei or gray matter areas. The Claustrum hides the putamen and then you get to cortex.
Inside the sylvian fissure we find the insula, which is also cortex that has folded inside the SF. It is not a subcortical structure. Behind the insula there is more gray matter and that is the Claustrum and that is sub-cortical. After the Claustrum there is the putamen and after that there is the globus pallidus and after that there is the caudate nucleause and behind and a little dorsal is the Thalamus. The crust is the cortex and as you get to the center of the bread you get to the Thalamus.
The Globus pallidus is very pale and means pale globe and its hard to see.
Beteeen most of the structures excluding the Gp and and putamen there is white matter.
The axons making up the white matter that go between the GP and caudate N and Thalamus are called the internal capsule.
Between the Putamen and Claustrum we have the external capsule and between the insular and Claustrum we have the extreme capsule.
The internal capsule is millions of axons which link lots and continue on to the brain stem and spinal cord. Each axon goes just one way but the capsules are bidirectional.
No structure in the brain controls any one thing, information is gathered by specialized structures like eyes and sent to specialized areas of the brain and that starts a cascade of info processing and as a result of multiple computations of the same information each area contribution something specific, there emerges the experience. Some sturctures are more important for memory or what have you but nothing is only for one thing. The cognition is a result of multiple computations from multiple structures.
We though try to figure out precisely what each part contributes.
The internal capsule brings cortical info to the caudate and thalamus, the external talks to the putamen which talks to the global paladus... if they touch i assume they talk.
The first cut in our diagram is almost nothing. We are still in front of the CC in cut 1.
In cut two we still dont have the thalamus and the globus pallidus. We also got a little of the temporal lobe while section 1 still has no temporal lobe.
In section 3 we have the globus pallidus appear.
The thalalmus remains missing.
In section 4 we get the thalamus which is made of many nuclei, we only see the anterior nucleus of the thalamus. We also see the amygdala in this picture.
In section 6 we see lots of thalamaic nuclei and we see numbers 4,5, and 6 which is the hippocampus.
Anything in italics we dont need to know.
We need to know the parts of the CC. the central part is called the body, the back part is called the splenium, the front is called the genu, and the most front and a little down is called the rostrum. Its important to know these parts because the CC is made of axons coming from various cortical areas but there is a topography. The visual areas of the brain are at the back and therefore the axons cross over through the splenium. In the body of the CC we have somatosensory and motor areas.
The genu means the knee and comes from the prefrontal areas which go through the genu.
Then there is the sharp part that looks like a beak of a bird which in latin is called the rostrum.
The base of the frontal lobe sits right behind the eyes. and because of that we call that part of the brain the orbital part of the frontal lobe. The connections between the left and the right there go via the rostrum.
The orbital part of the frontal lobe is very important because it has to do with the regulation of our emotional and moral behaviour. Some parts of the brain may feel anger and get ready to punch but the orbital frontal says cool down and relax, so it uses cultural norms to control behaviour.
The CC is not the only path from the left and right. There is also the anterior commissure which is ventral to the CC and most of the anterior parts of the temporal lobe pass through there. Therefore the Anterior commissure and CC together constitute the comissural fibers of the brain. These are the axons that permit the left and right to talk to each other.
Then there are many axons going from the front to the back of the brain. There is the superior longituinal fasciculus (SLF) which are axons going from parietal to frontal areas. There is also the ILF which are axons going from occipital to temporal areas.
We also have axons going around from the temporal to the frontal and that is called the arcne fusiculus. They curl around. All these fiber systems together enable on cortical area to talk to another cortical area in the same hemi, together they are called association fibers. There are also axons going from cortex to the subcortical strucutres. We call these projection fibers like the internal capsule.
Three classes of fibers: the commisure,association, and projection fibers.
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Walsh article focus on the first half the second wil lnot be tested on.
80%
of what we know about the brain is due to brain damage. In neuroscience experimental animals are used. we lesion them and check which cognitive functions are impaired. We cant do this in humans though so we only find out thorugh natural accidents like traumas and tumors. The methodology though is not very clean because in experimental animals we can control everything and only damage a very specific area.
Brain Tumors:
They are called neoplasms meaning new growths. Most brain tumors are caused by the abnormal growth and differentiation of glial clells, (neuroglia). Glial cells are not neurons they play a supporting role providing support and nutrition and they produce the myelin. There are more glial cells than neurons in the brain.
Some glia look like neurons. Oligodendrocytes (few tree cell) has few extensions, not many branches and are involved in making myelin. Astrocytes are star shaped and are involved alot in sturctural support. Microglia are tiny cells and are involved in breaking down the chemicals of the synapse between neurons.
Tumors that have cells that look like oligodenrocytes are called oligodendrogliom. when the tumors look like astrocytes they are called astrocytoma. tumor cells are abnormal cells and their bodies just like astrocytes but are not astrocytes they are just abnormal cells.
We categorize brain tumors according to the rates of malignancy: rate of growth (Grade 1 is the slowest grade 4 is the fastest).
The study of patients with grade 1 and 2 are good because we can localize and removed them but grades three and 4 spread fast and thats not good for studying the brain becuase it spread all over and we cant localize where it started and what damage causes what problem.
Tumors invade normal cells, kill them, both the neurons and the white matter, it also grows and puts pressure on your brain and blood vessels, which means the blood is not flowing properly to the areas that need nutrients and tumor cells kill cortex and axons and put pressure on the whole brain and this is not good.
Strokes
:They are also called cerebral vascular accidents, it is a loss in brain functioning because of distrubances in the brains blood supply.
Neurons
use the most energy in the body and they need fresh oxegenated blood.( I think vascular means blood cells.)
If blood flow to the brain is disrupted for more than 10 minutes the tissue is damaged forever. the damaged tissue is called an infarct. Infarcts can be caused by blood clots. If a small artery in the brain gets clotted we get and embolic stroke. Its when something gets in the way of the blood flow.
An aneurism can also cause a stroke. If you have a genetic defect that cause artery walls to be weak and elastic and the blood flowing can cause a sack or a bubble and if it pops it can destory the brain tissue.
Area of tissue that surrounds the core area
that has been destroyed can swell up with CSF, called an Edema.
Blood supply of the Brain:
The dorsal part of the frontal and parietal lobe in the lateral view gets blood from the anterior cerebral artery. We can only see this through the medial surface.
The posterior cerebral artery supplies the occipital lobe and the posterior part of the temporal lobe. Damage to this causes perceptual and visual problems.
The Middle Cerebral artery supplies the frontal part of the parietal lobe and the temporal lobe. We can only see it on the lateral surface.
Interfering with the blood flow damages some part of the brain but there is always some overlap and some periphery branches can increase their blood flow to the damaged areas so the surrounding areas can regain their functioning.
So if a stroke effects area A immediatly after the areas B C and D are effected but after some time cells no longer functionally communicate with A and carry on communication to the best of thier ability because peripheral branches of the artery still supply them.
The third type of brain damage is Head Injuries AKA craniocerebral trauma:
There are two types, open head, when the skull is open or closed head where the skull is not damaged. If you fracture your skull its open.
There are membranes in our brain that absorb the impact of the shock. We have three meninges to protect us. THe meninges protect the brian from our bony skull.
The first meninge is called dura mater which is white, tough and its the outer membrane. Right below it we have the arachnoid mater, and its a spider like membrane. Under that we have the pia mater which is thin, cellophane like, transpernt membrane that envelopes the brain. IT goes all around the cortex down around the sulci.
Between the meninges we have CSF which is fluid in the brain and helps absorb shock. We can get tumors in the meinges called meningioma.
Other types of head injuries include the concussion: if you get hit on the head and lose consciousness you can be in a coma for a month or five minutes and it really varies.
Another type is a contusion: bruising on the brain due to physical injury or imapct.
Coup effect
: damage (bruising) to the brain right below the point of impact.
Contre coup effect
is the damage to the brain opposite to the point of impact. So i got hit in the frontal lobe and the damage is on the occipital lobe. The coup and contre coup are subcaterogies of contusions.
Head injuries provide little info
on cog processes involved becauses its hard to specify a locus of damage. Its kind of like a grade 4 tumor in that way.
Epilepsy
:
Neurons send messages through neurochemcial events but in some parts they stop communicating in a synchronised way and the abnormal acitivy can spread and if thats in the motor cortex you can get convulsions and epileptic seizures.
The souces for epileptic abnormalities can be focal or generalized. focal originates in a specific area of the brain and then spread to other areas while generalized spreads all over the brain with no specific focus.
Types of Epilepsy:
Symptomatic: is epilepsy that is a symptom
of some other brain disease.
Idiopathic
is when no obivous symptom exists just some parts of the brain are hypersensitive. If you do not sleep for 2 days and drink a alot and then dance a disco you might get a seizure because of abnormal excessive neuronal discharges.
Hughlings Jackson was the 1st person to realize epilepsy was the result of abnormal firing of neurons. Jacksonian seizures are seizures with a locus in the motor cortex, aka motor seizures.
Types of Seizures: grandmal-usually have a focus but can be generalised. These seizures spread to other brain areas, most of the brain, causing major deficitits, convulsions, loss of consiousness.
petit mal-might
have a focus but does not spread to the whole brain, usually occurs in kids and get rolling of eyes and a loss of attention for some time. Their tongue goes back a bit and there in a daze.
Just before a seizure occurs cerntain sensations called auros may occur. THey arise in the area from which the epileptic normality starts. So if it starts in fear area you know your epilepsy is about to start.
If you have epilepsy you can be helped. If they have a speicifc locus we can exise, which was done by Dr P. This causes certain cognitive deficits.
IT can also be treated with some medications but some forms do not respond, known as medically intractable seizures.
We use electro ecephalography, eeg, to record the electrical acitivty of the brain. Then we use cognitive tests, language and memory, to try and figure out where the focus is. Then the surgeon uses the eeg and neuro psyc tests to determine which part of the brain to remove. During the surgery, the electoreds which he put on the cortex, and stimulates to measure electrical abnormalities using an electricocorticogram. The eeg assesses where the abnormal brian activity is. Once we determine that we use neuropsyc tests to and then remove part of the brain while using th electricocorticogram to ensure we dont take out extra.
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The Visual Pathway:
The primary visual cortex is also called straite cortect, area v1, or broadman area 17. Broadmann was a guy who calssified types of the brain base don cell types and they are numbered differently.
Light goes through the cornea, a transparent memrane and thent rhought he pupil, and lens before hitting the retina. The retina contains cones and rods which resapond to light by generating action potentiols that travel out of the eye through the optic nerve and up into the brain.
BOth eyes receive info from the left and right visual fields. The right goes to the left temporal half of the retina and the right nasal half of the retina. THe left visual field projects to the right tmporal half and the nasal part. The nasal field is always the coresponding eye but hte temporal half is on the other side.
Temporal is contraletreal nasal is ipsilateral field info.
Then we have the left and right optic nerve in each eye. THey go along and cross at the otic chiasm. Not all the parts of th eoptic nerve curve though, jsut hte nasal parts curve. Once they swtich they are called optic tract and go to the respective hemispheres. BOth receive info from teh left and right eyes. SO the left hemi gets info from the right visual field so they only get info from teh contralateral visual field even though they get info from both eyes.
SO it goes fromt eh visual field to ther etina to the optic nerve, to the partial crossing at the optic chiasm, and then it makes a pit stop at the LGn, later geniculate nucleus of the thalamus, which is a center that relays info and is the first processing of the visual info, also the info can make a pitstop at other brain structures int eh brain stemand these structures are often responsible for light reflexes and saccades. Saccades are following a finger. After that it goes the V1 (primary visual cortex) and then to the V2.
IF there is a lesion of the left optic nerve you get complete blindness of the left eye. IF right optic nerve you get complete blindenss of the right eye. but you still have vision from both visual fields.
Lesion 2 is sif we cut the temporal part of th eleft retina the insid eof th eright visual field is impaired. What we are calling the nasal part of the right visual field but the what lands on the temporal of the left eye.
lesion number 3 if we cut at the optic chiasm where the nasal fibers cross then the temporal portions of the visual field. so the nasal portion of the eye. Its important to keep those diffrentiated. Its called a bi-temporal heteronymou hemianopia.
Lesions 4 and 5: IF we lesion the left optic tract, a fiber that goes from the LGn to V1 we lose the entire right visual field, which is called the homonymous hemeinaopia.
Information tavels through the cortex via the optix radiation wihch is in the most posterior part of the internal capsule, axons from relay neurons in the LGN (?)
In th eoptic radiations there is Meyers loop and it receives fibers from the lwoer part of th retina. Meyers loop comes from the lower part of the retina which see the upper visual field and it is in the temporal lobe.
IF we lesion the right meyers loop it causes a condition called left upper homonymous quadranposia.
Lesions of the primary visual cortex causes loss of vision in the visual field opposite to the damaged hemi and can vary from a small area up to the entire hemifield.
These lesions result ina condition called blindsight, where people are perceptually blind in a certain area of their visual field. But when you present a stimulus they might still be able to tell whether its moving, the shape or color evne though they are not aware there is a stimulus there.
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Unilateral control. Contralateral control (left hemisphere and right hemisphere)
Visual System
Information from right visual field goes to left striate cortex (V1)
Information from the left visual field goes to the right striate cortex (V1).
*V1 is on the calcarine sulcus in the occipital lobe*
Information on the nasal part of retina crosses over in the optic chiasm to the lateral geniculate body
Information on the temporal part of the retina goes straight to the lateral geniculate body
Left Homonymous Hemianopia - left half of visual field blind (lesion to right optic tract)
Bitemporal Heteronymous Hemianopia - left visual field blind for left eye, right visual field blind for right eye (lesion to the optic chiasm)
*There is some overlap of visual fields, so things like bitemporal heteronymous hemianopia are essentially a decrease in visual field
V1 is not the first brain area to receive visual information. The Lateral Genicular Nucleus (sub-cortical structure).
V1 is the first cortical brain area to receive vision information.
Primary visual cortex is mostly on the medial surface of the occipital lobe.
Both banks of the calcurine sulcus it he Striate Cortex
*Coronal Section - slice like bread
Cortex
Grey matter is not uniform. Cell bodies are different! Many different cells arranged in specific ways. One part of cortex is different from other.  [Cytoarchitectonics - try to create maps of the cortex according to the distinctive cellular architecture of different cortical areas. 1909, Brodmann - first complete cytoarchitectonic maps
Brodmann used Nissl stain -- stains cell bodies. There are different sizes of cells arranged in layers
Weigart - stains axons
Golgi - stains only a few cells (not just body, includes dendrites), gives good idea of structure of cell
6 layers of cortex.
Motor cortex of precentral gyrus, fourth layer is not evident. This type of cortex is called agranular cortex since the fourth layer has granular looking cells.
Agranular cortex found in a few parts, mostly motor cortex.
Other extreme, layer four bigs huge in the granular cortex which is found on the first sensory cortical areas such as V1, Striate cortex (on calcurine sulcus), primary auditory cortex (heschl's gyrus), primary somatosensory cortex (post central gyrus)
Why does layer four become so huge in these cortex?
Layer IV includes small cell bodies with little dendrites that stay within the layer, and little axons that stay within the cortex. Layer IV neurons are specialized neurons for receiving information from other parts of the brain.
Pyramidal neurons have axons going into white matter and dendrites going through layers, they gather information from whole computation and sends it out to sub-cortical or other cortical structures.
Pyramidal neurons from layer three axons go to another cortex (also through other side through corpus callosum)
Pyramidal neurons from layer five axons go to a subcortical structure.
What is that magic computation? What did a specific cortical area contribute?
-> So why doesn't the motor cortex have layer four? Motor cortex has very fast responses. Motor cortex is NOT how we command where to move. There are many subcortical motor structures. The primary motor cortex is the very fast, fine adjustment of the muscles. Information in the primary motor cortex goes straight to basal dendrites instead of onto layer four.
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For neuroanatomy focus on what we cover in class. Study coronal sections. Read Mishkin
Visual Processing: In the 19th cenutry scientists argued that there were people who had brain damage and couldnt interpret what they saw. They could see something but if asked what is this they couldnt say its a key. But if you made the sound they recognized a key or if you let them touch it but hwne they saw it they didnt know it was a key. They wer enot blind though! They knew they wer eno tblind though becuase if you showed htem the key they could copy it but when asked what did they just draw they would say they dont know. Up until the 50's these things were realized but people were skeptical.
Investigators tried to argue there was no such thing as such specific problems.
Agnosia-was proposed by Freud because first he was intrested in brain and cognition. He tried to describe a visual perception impairment but the problem is not sensory processing, so he used the word gnosis-knowledge, so agnosia is failure to knowwhat something is although a lot of sensory info gets there.
Many people claimed tha tthere were special types of agnosias. Some people cant recognize faces, called prosopagnosia. These were patients hwo faield to recognize their childrens or their own faces.
Another striking thing in the 50s occured at McGill. Mishkin did an important experiment using monkeys, supervised by Hebb who was the chairman of th epsychology department at that time. In 49 Hebb wrote the organization of behavior in which e proposed the first ever theoretical acount of how cognitive processing might be explained by the neurophysiology of the brain. It was the first hteoretical attempt to explain psychological processes by neuro physiologoical knowledge.
Hebb has been linked to synopsises.
In the old days they had their lobes and at this ti ewe had penfield who found the motor and sneosry and we knew the visual pathways went to the calcarine sulcus. The part of the brain that receives the first visual info is not V1 but the LGN. the V1 is the first cortical area.
Everyone knew if you had bilateral damage to both sides of the striate cortex you wer eblind If it was just one side you have right homonymous opia.
They also knew that most of th eoccipital lobe was visual adn that patients of people with agnosia had lesions not in the striate cortex but somehwere around that area.
Also they knew nothing abou tht elower part of th etemporla lobe. The superior part they knew was inovlved in auditory, and they knew heschels gyrus. (They also knew some superior had something to do with vision.?) The middle and inferior temporal gyrus together known as the inferotemporal cortex, which used to be known as silent areas, meaning if we stimulated it th epatient didnt report anything.
So Mishkin removed that part of the brain o nmonkeys and tested htem on various tasks. They seperated th emonkeys on visual discrimination tasks and they asked hte animal to learn to discriminate between two objects. So th emonkey moves one and discovers a peanut. the screne then come sdown and again he sees the two animals and everytime th emonkey chooses one object then he is rewarded. If you keep doing that the monkey quickly learns to keep going or th ereward and not th eother one.
In the process we know th eanimal can see and discriminat ebetween the two objects, one that gives reward and on ethat doesnt. To Mishkins suprise and the whoel scientific community th emonkeys with damage to inferotemporal cortex bilaterally could not learn these discriminations. Even if htey learned them befor ethe lesiosn they couldnt do them anymore. This was striking. they then went on to test the animals in other ways. They tried to learn the difference between objects by touch. So in other words th emonkey had to learn to discriminate between tow objects no through vision but through touch. So tactile rather than visual discrimnation. Th emonkeys could learn that o rto discriminate between sounds with no problem.
The defecit was specific t othe visual sensory modality. This reminds us of agnosia. Up to the 50s ther ewas an argument about agnosia but here we had an animal wher ethe visual cortex was not damaged and went far anterior and made a lesin at least early visual info was not impaired yet the animal failed to discrimnate between objefcts visually. The facct that hte animals could learn to discriminate through othe rmodalities means the monkeys agnosia cant be explained as a general learning problem, or motivation, and so on and so forth. So we have a specific breakdown in visual perceptive anaysis when a lot of the visual processing info was going on well. 
In the 60s and 70s we learned that there are connections from the V1 moving down to the lower parts of th etemporal lobe and that that series of info processing steps is neccesary for the interpretation of th enature of objects in the visual field. In the 60s we learned there are many visual areas. Today we still dont know exactly how many there are. All these steps are necesary for th einterpretation of objects. So light is reflected from this room it enters the retina to the LGn and V1 and then from there there is a series of info processing steps that bring us to the inferior temporla cortex. We call this the object stream. The same investigators later made lesions in the parietal lobe and instead of asking th emonkeys to discriminate, they had to identical objects in different locations and th eidfference mattered how close either object was to the landmark. So it wasnt th eobject but the proximity to the landmark that decides the reward. Th emonkeys iwth th elesions in the parietal they couldnt discriminate based on how close or how far the landmark was but they had no problem doing th evisual discriminations based on which object give syou a reward. conversely th emonkeys with temporal lesions couldnt use location to get the reward. 
This gave rise t othe notion that there was a second pathway from the striate cortex to the parietal cortex. So there are two streams of info processing that are quite sperate. Visual info goes to V1 and that same info is processed in two seperate streams one down to the inferior temporal areas and that gives rise to the perception of the objects that i see and at the saem time the same visual info is processed between the occipital parietal route and we use that path to figur eout wher ein space objects are and where they are in relation to each other. Where:dorsal/ what:ventral
We know everything goes to the V1 as the first cortical area and in the late 50s a McGill med student called David Hubel came to MNI to Jaspers office. Jasper was a neurophysiologist working with Penfield and together they developed the methodology for the eeg to record and document epileptic seizures. Jasper was also a neurophysiologist and was doing recording in animals of elctro signals. h emanaged to record from one cell froma  behaving animal. So hubel wanted to do a project with Jasper. So Hubel along iwth Wiesel did experiments on cats an dmonkeys to record activity from single neurons. If they had a cat or moneky looking straight and falshed spots of light all over the screen they found that if they recorded from one cell. One cell repsonded when th elaser was in a specific part of the field. If you record the electro pusles or action potentials you can hook it onto an auditory monitor and you can hear the cell. So a spot of light appearing in a particular part of the visual field, when the animal is anaesthetize dad cant move, then the visual info goes to the V1 and the specific cell records for one par tof th evisual field, its receptive field.
It was clear that if we recorded froma cell in the left V1 there was a small part of the visual field stimulation of which caused the cell to fire. But if you moved further forward to the second visual field or to the third, then we notice the receptive field became larger and larger and th eproperties wer emore and more complex. In V2 the cell might respond to a more complex stimuli lik ea vertical line. So in V1 the receptive fields were small and it could be spots or slits when you cam eto V2 cell X doesnt repsond to a spot of light but only to a line of light. So if A B and C in V1 send axons to cell X in V2 then when the three are active there axons vonverge on X and they release NTs and there is enough stimulation to exciet hte cell. and it repsonds to lines of light. So info processing in the nervous system,works with progressive cells integrating info from the previous cells.
So you could also have cell Y which is perpendicular to X and gets input from d, e, and f, in V1 and then celss X and Y send axons to V3 and repsond to the angle only.
Charlie Gross put an electrod ein the inferior temporal lobe and recorded and to their suprise in on eof th efirst cells they noticed there was a hand cell. Everytime th emonkey looked a t hand the cells responded. They got a lot of critisism because of the grandmother hypothesis because could it relaly be that in one palce ther eis a cell that repsonds to the grandmother but then other people found similar cells. So clearly there is no doub tthat such cells exist. In fact some nuerosurgeons in Cali recorded in some parts further down adn presented to the patient pictures of the eifel tower the statueo fliberty and famous actors an dpresidents and they found that soem cells repsonded very specifically, to jeniffer aniston.
So are these really grandmother cells? almost certantly not but what are we really seeing? Tanaka and othe rexperimenters did experiments to figure this out.
If a cell goes crazy for a tigers face we can take the tigers face and manipulate it. What if the tigers face is a square and the cell still responds. What if you remove an eye and so on. So by playing this game and modifying you relaize the cell codes for complex featurees. IT may have been coding the stripes and another cell may have been coding the circular shape with the face characteristics. In other words probably this game with spots to strips to angles continue on converging onto another cell making a square, so what has become clear is that the receptive fields of th ecells get larger and larger as you move from V1 down to the inferior tmeporal cortex, and receptive field may be  th ewhole visual cortex, and th enature of the stimuli gets more and more complex. So probably the reality is that there is no grandmother cell but the probability of finding in within millions of cells is small. So probably we found as a reuslt of the info processing analysis by th eitme we get to the IT cortical areas the complex feautre detectors are active, faces are circles two spots and a vertical and horizantal line.
So to know th edifference between a lion, tiger and a house ct requires some idfferences. So perhaps 80% of the cells repsonding to a liona nd tiger are the same because they cod efeatures that are similar but there are also differences. So thousands of cells cod edifferent features simultaneously processed that code for the differnet animals. So this is the nueral correlate of simmilarity and differences, depending on the number of cells that respond similarly. So no Michale cell but cells that code features out of which an idnetity is made explains similarity and ifference.
We need to read Mishkin, Tanaka 
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Human Cog and the Brain Notes
Reading: Mishkin,  Tanaka, Sauriga, connor, newcome and bento n
Lesions in the parietal cortex: We knew from the early 20th century that unilateral causes a right or left homonomous hemianopia and if its bilateral theres blindness.
Broadmann marked three different types of visual areas corresponding ot the cortex. In th e60s when we recorded monkeys, Zeki , called the striate cortex (area 17 according to broadman) v1 are 18 was v2 and 19 became many areas. We have up to v6
A basic prininciple tha thas evolved is that as we get farther from v1 the cells receptive fields are larger and larger through incorporation of previous areas and the nature of th estimuli that they respond to get more and more complex.
So a patient with visual agnosia wont know what a key or a pig is but they can draw it well. Clearly there i sa lot of visual information processing but they dont know what they have drawn. If yo uallow them to touch or hear th ekey they know what it is. Tha tmeans that the concept or idea of a key is still in existence and a specific type of damage ventral in th eoccipital temporal region, usually bilateral causes visual agnosia. There visual image of what a key is has also been damaged. So withou ta model in front of them they cant draw a key.
Hebb speculated that the simultaneous excitation of all the cells in the inferior tmeporal that code different object sof my face are somehow tied together and by repeating this experience, they form a cell assembly. So this was his explanation of seeing a specific object. When we see another objec tmayb esome of th ecells are similar but some will be different.
If we accept that every time we experience a new object then this provides an explanation for th eperception of a marker and if i hide the marker and try to imagine th emarker i voluntarily excite those cells. Perhaps th emodification of th esynapses essentially defines th elong storage memory o fht eexperience. So perception, imagination, and long term memory are one in the same thing, like two sides of a coin.
Suppose we do an experiment and th emonkey i ssitting on a chair and if we find a cell in th einferior temrporal cortex and the cell only reacts to a tigers face, its probably not a tiger cell but probably participates in th eperception of th etiger, maybe the stripes or a face like thing with stripes. If we then present othe robject sand it continues to be plain an dagain th etiger we get broom, if we keep repeating this the repsonse rate of th ecell is modified. The 200th time we present the tiger it still responds and always does but with much less firing. This tells us that this cell participates in th eperception of the tiger, coding some complex feature an dthat cell is bounded together and consitutes the experience. The diminishn gof th ecell firing htough probably means that the repeate dexcitation make the group of cells much more related and therefore the cell responds less and less and the reduced firing tells us that the synapses amongst these cells hav ebeen modified.
This means that as you see something more and more your eyes happen on somehting regular and they say yeah but you dont pay attention to it anymore. so this is ht eneural correlate of novelty. So what we see in repsonse rates in neurosn we see a lot of reflections of real psychological experience.
Were not sure if forgetting is a result of interfering and cells now participat ein new groups. So if we dont reexperience it becomes rusty. Perhaps the synaptic linkages have weakened or there is interference and those cells ar enow participating in other groups.
So if we think of perceptual experience in terms of this this makes a lot of sense for perception of similarity. 
All the time we learn we link groups and cell assemblies and we experience not just the profs face but lot sof other things when we see him. Here though were specifically tlaking about the visual analysis. 
So there was a solder from the first world war and we learned in the pas tthat damag eto the parietal areas caiuse a variety of psatial analysis disorders. We call it constructional apraxia. When you giv eth edamaged solder two models and he tries to copy th emodel h emakes some errors. By copy th emodel we mean reconstruct the wooden blocks. 
usually you see these problems after right rather than left parietal lesions. If yo uask them to draw things you can see some really awful drawing sof bikes. 
Clearly, we knew form the studies of lesions that th eanalysis of th edecomposition of spatial relationships of different objects break down. We also oftne see after large lesion sof th eposterior part of the right hemisphere is unilateral neglect. So i fyou ask them to draw a clock they might leave half the clock neglected withou tthe 7-11 times. If they writ eon a piece o fpaper they write on th eright but not on the left. So we refer to this as unilateral neglect. So now were talking abou tht eposterior right parietal cortex. Usually we see th eunilateral neglect right after the damage of th erigh posterial parietal cortex and it get better but never fully. Th eunilateral neglect is due to the patient not attending to the left side. Essentially, we must differentiate between unilateral neglect as opposed to left homonmoymous heminaopia. So ther ehte dude actually cant see th eleft half but they can draw a clock because they kno what it looks like. So a lesion in the right striate cortex causes left homnoymous hemianopia that cuase shlaf blidnenss but not attnetion porblems, no tneglect. 
The other patient furthe rforward in the dorsal stream in the right parietal areas has neglect but not blindness. 
This seems totally arbitrary but as we move from the left stirat ecortex to dorsally toward the right parietal there ar emany visual areas involve din processing locations and allocating attention to stimuli in that spatial area. So the receptive fields here get larger and larger because the later stages integrate information to create a construction of larger entities. 
So if we record from a cell there they dont care about shape but only respond when a ball comes from one location towards me. but if the ball comes at me from other locations the cell does not repsond. So no wit code smovement from within space based on the input from cells earlier in processing. If yo uchang ethe ball from being green to red or not evena  ball, the cell still repsonds becuase it doesnt care what it is, but abou tht emovement of a certain direction in space. 
I fon the striate cortex there is a cell that repsonds to a spot of light and if we go up dorsally and it repsonds to the same spot of light but th eposition on the retina is changed the striate stops responding but the parietal still responds. So the parietal cell is coding th eposition of th eobejct. So if we fixate and then change fixation it move sin the striate cortex but in the parietal it does chang eits space. This is becaus ethe striatal i sbase don retina while the parietla is objective position in space. 
Large damage in the right parietal area, means th eleft will be neglected because its to much. 
If cells in the striate cortex could talk they wouldn tknwo where something was. It can only say I saw light. In the parietal cell it can answer the spot of light was 50 degrees to the left of wehre the veritcal meridian is. So on the striat ecortex it codes for retinotopic information, while the parietal cell is non-retinotopic representation. 
This is so important because its not only enough to know we see someone but also as we keep changing position that we can recognize someone else. 
This means that this cell has info and integrates about movement and the relationship with othe rstimuli and cells. Thats why we have one system responsible for constructing the world and within which objects are palced and moved and another system for extracting features and analysis. 
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Left Hemisphere problems: Right left disorientation, finger agnosia, Agraphia, Acalculin
Right Hemisphere Problems: Constructional Apraxia, Unilateral Neglect
We integrate info from lesions and head injuries to understand the mechanisms in the brain. 
As we go more and more dorsal in the parietal lobe, the size of the receptive field of the neurons increase. This tells us neurons integrate info and that we go from a retinotopic representation of space early in the cortical system to a representation of positions in external space higher up. 
Neuro psychologists were studying posterior lesions in parietal occipital lobe. If it was in the right there was severe neglect o the let side o space. Its called right parietal unilateral neglect. If there were a lesion in the right striate there would be actual blindness in the left visual space but when in the parietal occipital lobe they just neglect it. For example they start writing on both sides of the page but drift ot only the left side. There is a failure to attend or to properly process. 
If we lesion in the let you dont get unilateral neglect. Th explanation is specialization of the different hemispheres; the left is verbal and the right is for non-verbal spatial information. 
At the splenium of the corpus collosum info between the hemispheres crosses over and is thus shared. Normally, the contralateral cortex is in charge but Right is dominant and better at spatial. So if the left parietal cortex dies then the right parietal cortex is left on own and takes care of both jobs. The info still has to go through the splenium though. IF the right is damaged as in unilateral negelect the left cant handle both loads of information so you get neglect and attention is restricted to the right. 
Right hemisphere-constructional apraxia-putting parts of whole together to recognize or draw or construct a copy of th emodel. 
In the left hemisphere with parietal lesions there are strange problems. We have the Right left disorientation. When patients are asked to touch the left or right. Patients have trouble relation right and left, there is confusion between their right and yours. 
Finger Agnosia is when they cant point to a specific finger. There are problems with other body parts as well as in showing and naming.  
Agraphia is trouble writing language
Acalculia is cant do arithmetic. 
Gerstmann argued that these were the typical symptoms of damage to the left parietal cortex. It was known as Gerstmann syndrome. He hypothesized that that it was the inger area because you need fingers to write and calculate and tell your left and right but this is not a good theory.
Apraxia-praxis-action-failure in aspect of action. Construction apraxia is failure to use limbs to construct. 
Agnosia-gnosis-knowledge-ailure to know-perceptual disorders-visual agnosia-not knowing what one is looking at i.e a car
Posterior to the Central Sulcus is the Primary Somatosensory Cortex (area S1). Info moves to the posterior and as a result of compuations an awareness and knowledge of ones body is created, we have a body schema. 
Left or right parietal lesions can cause one to lose this. Patients may describe huge legs or a tiny head or totally neglect parts of the body, like only shave half the face. 
If the lesion was int he postcentral gyrus one would lose feeling all together rather than just body schema. 
Research in monkeys has shown that if we stimulate a tiny part of the surface of th finger, in S1 like in V1 a specific neurons will fire, which has a very small receptive field. As we go farther back to the inferior and superior parietal lobules receptive fields get larger and larger and respond to complex info. SO a neuron might react to a right hand on the shoulder, its responds to a specific combination. Clearly the neuron integrates info and when all the right components come together it responds. 
So its like a bunch of lights flickering as we move around some lights stay on and some go off depending on where the arm is moved. The specific lighting up is the body schema. 
In the Parietal lobe there is syntehsis of visual and body info. So when doing a task that tests for constructional apraxia we need to look at an object understand the relations in relation to our body and recreate it. 
How do we explain Gerstmann Syndrome- the left hemi is for language, so knowledge of the body and external world interact with language. We attach a label to knowledge of fingers. SO we have a problem of knowledge of the body expressed in a verball manner, which explains finger agonosia and right and left disorientation. Agraphia makes sense too becasue we put spatial relationship of letters together which would cause language problems. Although, math is based on understanding of spatial relatinships but also verbal knowledge is neccesary to talk about it and compute. So parietal region is master of geometry and math but if we dont hav ethe words we cant speak about it. 
The post parietal area is where the integration of visual info and body schema takes place
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The Parietal Cortex, area S1, damage of which in the left hemisphere lets say in the hand area will cause loss of sensation in the right hand, because we have contralateral representation of the body. Although we call it S1, we now know there are three areas in there. In fact we knew that from 1909 when Broadmann created a cytoarchatonic map. So thats hwen we look at the cell bodies, and on hi smap he has three areas on the postcnetral gyrus, 3,1,2 going from anterior to posterior. Broadmann called the primary motor cortex area 4. It is Agranular, meaning its missing an area, its missing the fourth layer called the granular layer. ALso there are some very large cells that we call the Betz cells in layer 5 that have axons that go all the way down to the spinal chord. The PMC is also called M1. When we go anterior to that we have area 6 which is agranular as well, but it does not have betz cells. THat area is referred to as the premotor cortex.
WHen Dr P stimulated the area and causes movement they stimulate both, because its impossible to know because you disrupt the noraml activity of that area but at the saem time you cause action potentials to flow down all the way probably from the Betz cells to go to the SPine and send messeages, and then they do a twitch.
If i play an instrument and my fingers move really fast and suddendly you stimulate in the motor cortex with an electrode you cant actually stimulate and turn on an area. Th emotor cortex is a microchip made of thousands of cells made of 5 layers and there is trmenedous computation and that explains the smooth movements we make, if i go in there and put soem noise in with an electrode adn cause a short circuit we disript the normal area, the movement we see is a result of abrnormal discharges and action potentials but the signals are crazy and you get a crazy twitch. So this is a nice way o fdsicoverign the somatootpic organization fo the cortex, but electrodes introduce noise they are not like a real phsyiological signal. WHen we stimulate we disrupt the activity fo the whole area, so we can tell if its the premotor or primary motor cortex.
Area 3 is granular and more presicely hyper granular, in most sensory areas the granular layer which is layer 4 increases because that area specializes in receiving info. Then there is another area area 1 up a little and then there is area 2. IF we stimulate around th ehand area the person will say i have a funny sensation in the contralateral hand. The stimulation disrupts the normal activity and the patient tries to interpret the signal, which is not normal but again when the neurosurgeon stimulates he probably disrupts all areas 1,2, and 3. Dr Penfield did not know which area he stimulated and almost certiantly it included all three areas to some extent. But in 1909 the cytokitetonic map by Broadmann told us that therre are three areas not just 1. It wasnt until 20 years ago when it became possible to microstimulate with tiny electrodes in macoc monkeys that we realized in fact there are three seperate areas with their own hand areas, in fact they ar emirro rimages of each other. The differences in teh cellular architecture does indicate three different architetonic areas, with different funtional purposes and three different representations of the hand.
In the depths of the sulcus we have another hand area and that sends input from the muscels. Input of joints go in area 2, input of vibrations i think go to 1.
So S1 doesnt really exist, there are really 4 S1s. Basically we have the same principle as in the visual and audiotry systems. THe nervous system at the cortical level the nervous system processes information in multiple areas. In all these areas 3a 3b 1 and 2 the receptive fields are tiny and specialize in processing different types of somatosensory information.
3a is muscel, im not sure about 3b
THen the info goes posterior also known as area PE and ventral to that we have PF, there is further integration andthe receptive fields get large put the input together so that when we get further back we have a body schema, the image of the body that we have. 
So as we move farther back we have relationships of the spatial world meeting withte visual information but we dont yet know the details of where in the parietal region. 
One of th ehighest elvels of evolutionary development of the brain is the ability to move and manipulate in space, its one of the greatest achievements of the primate brain, when we go and sew a button. We have a terrific understanding of movement in space and trajectories. So when sewing we need the interface of the body schema knwoledge from the S1 area and the spatial knwledge from the dorsal stream of visual info. 
Zanwill and our prof met a guy who had a stroke in the left posterior parietal cortex, he could speak and say his name. Prof Zangwill put on the desk a a paper and evnelope and stamp and said yes this is paper stamp and envelope and then the prof asked can you fold th epiece of paper in the envelope and started trying, he had no motor problems and he picked it up and then tried to stick the envelope in the paper. This problem is called ideational apraxia. So in the late 19th century they realized people could move hteir hands and had no damage to the motor areas but yet still couldnt perform soem actions. Liepmann in Germany was a great investigator in this field and he talked of ideational appraxia meaning a patient with a lesion from the left postierior paritetal cortical areas who faield to perform actions the patient kenw very well like sending a piece of paper in the mail, although the patient understood what to do. In the early part of the 20th century Liepmann had no idea what this meant but htought that the idea of the action was destroyed not hte motor system. In 2009 we can understand why. The lesion in the back can cause ideational aprazia, because they lost the neurnal computations neccesary to compute the relationships between the body and the object so that th epeople will be folded and palced int he envelope and not the envelope in the paper. 
So there is another thing that was also realized. Liepmann called another problem the ideomotor apraxia. ITs a left parietal lesion usually smaller than the ideational appraxia. If you walk up to a patient and say good morning and ask a patient to salute and he does a funny variation. Liepmann thought that there was a lesion where somehow you intereptued the ocnnectionb etween the language and motor areas, therefore the patient coudl understand and if the psycologist performed the act he could copy it but it was aproblem of translating the idea into action.
In fact later on many people talked of a a pathway from language ot the motor area called the arcuate Fosiculus linking th eposterior temporal language area to the preotor cortex area and becasue they had lesion in the left parietla cortex people thought mayb ethere wa sa disconnection between teh motor and language areas, but that the two areas were still okay.
Now we can see this as another kind of problem. We can communicate through gestures and we are able to use our bodies to communicate. So in addition to verbal communication we have non verbal commuinication and perhap sin ideomotor appraxia is essentially that. A lesion in areas of the brain in the left hemi that have to do with knowledge of the body adn spatial relationships in the external world adn therefore how to use the body to program acctiosn that were conveyed to the viewer a certain meaning. Essentially this is what we think we are seeing in ideomotor apraxia.
SO the two aprxias we learned today are in teh left, while the consturctional apraxias were in the right. So we see the saem kinds of problems in the left and right parietal cortexs which are areas to understand spacial and body relationships and action programming so that i can achieve certaint hings. However, in the human brain the left and right have spcialized. TH elft is the language and the right is for non-linguistic understanding of spatial relationships. SO you will have different sympotms from lesions depending on the left or right hemi are lesioned. IF on the right we have trouble understanding psatial relationships between obejcts and hwo to translate an dmnaipulate to create anotehr spatail relationship, so these are things that can be done without words. In the left we ahve ismilar mechanisms but serve communication gesturing, saluting, waving goodbye and things like that.
IF you ask envelope dude he could explain how to do it but its a whole other thing for him to be able to do it.
Some think ideational apraxia is a more severe form of ideomotor apraxia. Its inconclusive, we do knwo they are both left parietal but its hard to know there relationship.
If we record in the premotor cortex people have found cells that respond to certain actions. So if i have a monkey reach for an object certain neurons in the left premotor cortex go off as the cells is moving and reaching, but a group of italian investigators, RIzzolatti found mirror neurons, some of the neurosn in the premotor cortex also repsond if th emonkey doesnt do the movement but sees soemone else a monkey or human do the movement. In other wrods there seem to be some nuerons in the premotor corex that seem to be coding the action of a person being observed. We think the mirror neurons are a very important part of the sytem for understanding the actions which we act. It turns out that if we go back and study the anatomy it receives info from area PF, which also has mirror neurons. SO we have a system of the brain that no tonly codes my knowledge of my body where i am and what im doign, but also if im watching youd o that, some of my neurons can also fire.
Dude with lesion in left parietal said i was lyin gin the bed and i was thirsty and i gestured to teh nurse to come she lookded at me ignored me and continued on, he didnt understand why so impolite, essentially though he probably wanted to say come i want to talk to you but he probably di dsome movement but didnt understand, he had an ideomotor apraxia, so his action did not cause the nurses mirror neurons to fire.
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Unilateral Temporal Lesions and IAP
HM was a guy with severe epileptic seizures, and from 9 to 20 his seizures became so severe that the problem was he couldnt do what he needed to. Around the age of 21 or 23 when he went to Dr Scoville. Because HM coudlnt be controlled by anti epileptic medication, Dr scoville at the same time had been coming up with surgical procedure that would allow them to take out part of the brain that caused seizures. In those days they didnt know much about many aspects of brain function and cog ability and they thought that if they removed some parts then the worst hting that could happen was that he would ahve difficuty with olfaction because the medial temporal lobes and the subcotrical regions were improtant for smell because they were old aprts of the brain. It turned out that they bilaterally removed the medial temporal structures including the amygdala, hippo and parts of the surrounding cortex. 
ALmost immediatly after surgery some interesting things became apparent. His social skills didnt change, he was still apropriate but even though he had the same nurses he behaved towards them as if he never saw any of them before. 
IF they left even for a few minutes, with any distraction eh would say its nice to meet you. 
Even though he was in the hospital for sucha l ogn time he couldnt find his way to the bathroom. He couldnt remember things in teh past 1-2 years before the surgery. They would find him readin the saem mag or book voer and over again. 
When HM was asked to draw the floor plans of his house he would give precise floor plans but it was the hosue he used to liv ein nto the one hs parents moved to after the surgery. 
Some things HM was very good at, he had a stunning memory defecit but he had normal skills in othe rdomains. His IQ was 120 and was never compromised. The frontal lobe helps people with appropriate behavior and inhibition and social skills and HM still had those skills. So he had profound amnesia but preserved intelligence, his problem was antegrograde impairment, encoding new info and some retrograde loss pertaining to 1-2 years before the operation. 
If you asked him about his youth though he was fine. 
HM had a normal short term attention span which is kind of 7 numbers plus or minus 2. So he could rmeember a phone number but once you distract him its gone. HE could also keep a conversation goign but once you leave and come back he has no memory of the conversation. 
Procedural learning is preserved despite amnesia. PRocedural learning is an umbrell aterm for motor skill smixed with cog abilities. 
So if you have to learn to mirror draw, when you get a pen and draw within the inner boundries of the star without hitting the inside and outside, its hard when you have to do this in a mirror. Brenda Milner worked with HM and met him over a period of 30 years. He never recognized her. 
Dr Milner tried to see whtehr HM could learn the mirror drawing task or would he be impaired in this ability as well. 
OVer the course of time HM would get better and better and by the time your at the third day the number of errors are really low. Every session when he saw the same set up he would not rmeember what to do and she would ask him to guess what to do and he would get better and better, yet he would never have a recognition for the tas he sees before him. 
They tried to test just how bad HMs memor was and one of the less ethincal things they woudl do was bring him lunch and half an hour later bring him lunch again and he ate everything and they would keep doing eating except he left desert and HM would say he didnt know why he didnt want it. 
HM was 23 when it happened and spent his life in a special care institution and he got old and when he looked in the mirror he would recognize its himself and it never disturbed him and it just seemed he would forget, he was bad at estimating his age and up until 2008 they would ask him who the president was and he would say Kennedy. 
Severe epilepsy on its own can cause damage to the temporal lobe like this or trauma but generally nto to this disagree. 
The damage to the medial temporal region must be bilateral to get these symptoms. 
IF its not bilateral you wont see this global problem.
Unilateral temproal damage does not result in global amnesia but rather you see soem very specific or material specific defecits. The suggestion is the left medial tmeporal lobe is important for remembering verbal material. 
In contrast the right medial tmeporal lobe is important for learning nonverbal material like abstract or visual things that we dont rmeember with verbal cues. 
So the left patients have trouble recalling details from a shrot story and have more problems remembering the longer you wait. THey have more difficulty listenign to lits of words and trememberign them after a delay. 
Right temporal dmage difficulty learning face, designs or locations. 
In most right hande dpeople the left houses speech function, and is the dominant side of the brain. 
So the damage is material specific. One way to test which side of the brain is particularly involved is by doign tests that we know are related to the right or left temporla systems. IF we know the side which is impaired we can better understand where the seizures are coming from. 
SO we use material specific tests for temporal lobe dysfunction psychologists can shed light on lateralisation. SO in a column of numbers every third number is the exact same set of numbers. When you give patients with unilateral temporal damage you can establish a persons span in short term which i 7+- 2 and if you determine waht their span is and then amke  it slightly harder by adding oen and then give them series of numbers where every third sequence is the same what you see is that patients iwth right temproal damage have no problem in teh sense that hwile they have troubl erepeating the numbers in the correct order evne if they are not aware they get better and better and saying the numbers that do repeat. In contrast left temporal patients with damage in left not only have difficulty repreating non recurrent numbers but also never seem to get better at the one that is the same. 
In contrast if we have patients see blocks in a spatial error and we see how many blocks he can touch after me and establish waht hes comforable with and then you do oen too many and like in the digit we repeat the pattern every third, left tmeporal patients even though may be unaware that its the saem sequence they get better and better while right temporal patiens never improve their performance on the recurring series. 
Verbal Vs nonverbal memory:
the take home message is that the medial temporal lobe system is material specific. the capacity to encode verbal material and remember it over time is taken care of by the left. 
So in the abstract task we have verbal words that you cant visualize like opinion, trouble, soul, and see the words and then take them away and write down all the words they remember, and then again with the saem list, and again, and one last time, 4 in total. THen you say bye and session is over then they coem back adn wiout showing htem the list we ask them to write down those words again. THis is a verbal learning and memory test. 
We do tehs aem with nonverbal memory, we show them a bunch of signs that we cant verbalize because we have know names fro them. They are abstract designs. and then we ask him to draw them and after 4 trials the next day we have teh delayed recall. 
So patients show a learning curve over the course of the trialsand then when they come back and are aske dto draw, it turns out the two modalities like the digit repretition and lbock tapping tasks are very much related to side of the brain. 
So for left temporal patients they get better and better through trials with words and designs, and when they have the delayed response the designs stay as high but the words are way lower. SO left temporal problem is not one of learning but remembering words over time. 
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Quick Recap:
We talked about HM and his global amnesia and that this guy had a very severe anterograde memory defecit and we defined that as a defecit in which he was unable from the time of hsi surgery to bring back conscious recollecton any specific information that he had been given after surgery. 
We also said HM had a little bit of a retrograde amnesia, some estimate 1-2 years but it dependend on type of info the one to two years varied. 
HM was also very capable of learning some types of new things like reverse mirror star drawing despite the fact that he had no recollection of having done this task, but still shwoed a normal learning curve for htis information. So some kidns of learning and memory were still handled by not th emedial temporal area but osme other learning system. Learning cant be just one unitary system. The big thing with HM was that it was a bilateral lesion. 
Unilateral temporal lesions in each hemis have different results. Just oen side doesnt result in HM problems and we talked about the left medial temporal damage was particularly bad for verbal defecits. So for the right they were worse at block tapping task. 
Another verbal and nonverbal memory task was an abstract word learning task where we ask patients to learn across several trials lists of words and then they ask them to recall it. and then we have the saem thing but with symbols, which you cant name and at some later time they were brought back and we ask them to recall all the signs, the last hting we saw was the left temporal profile. We talk about left temporal becuase its very difficult to just take out the hippo so it was bit sof everything around as well. The suggestion is memory difficulties in patients is primarily due to damage to the hippo and surroundinding cortex of hippo, not specifically to the amgydala which happens to be removed in most of these resections as well. 
So the left tmeporal profile who have the medial structures removed, they can learn words and designs over tials, but the left temporal patients, when you bring them back after a delay can rmemeber the designs but not the words. 
The right temporal is different. They learn the words very well and remember the words even with a delay. But the right patients have difficulty remembering the dsigns interstingly though they dont show further losses after the delay. SO what htey have learned they kept even though they learn less. 
So in Left Temporal ressections the problem is a retention defecit, for learning word lists, they are not impaired in learning or remembering designts. 
In right temporal cases they are slower learning designs but what they do learn they retain over time. THey are not impaired in learning or remembering word lists. 
So left have memory problem for words and right have learning problem for designs. 
Over time we found tha thte amount of hippo damamge is proportional to the deficit. Th emore the surgeon has resected the hippo the worse the problem is. 
SO if we are a patient and we ask you how muhc a toy would cost to make sure your attending to the stimuli. Then we take all the toy saway and put them in a box and then ask them to put it back in the right spatial array until you learned wehre all the stimuli really belong, wher ehtey were placed originally when aske dhow much they cost. 
Patients with right tmeporal lesions wer emuch slower to learn the locations of the objects. Not only that but smith and milner have hsown that the more of the hippo that was lost the greater the magnitute of the deficit. THis is specific to right temporal lesions. THe left temporal lesions learn this more or less normally. ( this was th emilner smith task the toys are placed on teh table to begin with) 
Summary:
L and R medial tmeporal reigons play sepcific roles in learning and memory. 
This allows us to daignose possible site of a lesion or seizure focus. 
We also learn that when we resect from either L or R medial tmeporal areas unilaterlaly we do not get the global amnesia that we see in HM. 
What if the patient shows verbal and non-verbal memory problems during neuropsycholgical exams? Such findings are suggestive of a bilateral problem. Maybe seisures are starting in both the left and right and thats a problem. Is he at risk of severe memory deficit if we resect oen side of the unilateral temporal resection?
SO if we have to pick a worse side, a side more invovle din the seisure process are we still leaving a patient after a unilateral resection, we cant take both, will there be healthy enough structures for him to show basic memory function. We always say if we do unilateral resection there will be specific material learning or memory defecits but if the other side is functional there will be no global amnesia. 
eSam procedure
In the old days it was called an amobarbital procedure, now we use etomidate. In the 1950s Wada and Rasmussen and introduced the procedure. It is a way to isolate each cereberal hemisphere to see what each can do in the absense of the otehr side. The way they realised they could do this was to anaestehsise one hemisphere by injecting a fast acting anaesthetic, in the old days it was amoborbital, aka amytal but now etomidate, and we injec ta hemi of the brian put it to sleep for a moment and leave the other awake. We anaesthetise one hemi as opposed to the other, an angiogram is an x ray method that allows us to understand the blod circulation, we inject radioopaque substance into the blood system and we get an idea of the circulation. What we can do is if we inject into the internal carotid artery in a particular area base don teh angiogram so we understand the distribution of blood vessels and after that we inject the aneasthetic within that system and it puts that hemi to sleep. IF you inject through the internal carotid artery you will mostly supply the lateral aspects of one hemisphere and little bits of the medial aspects. Its ipsilateral, if inject left internal carotid its left. 
During that time we dont have time for complicated tasks instead we have 5 or 6 minutes to do simple tests of language and memory. The selection criteria for eSAM e speach and memory. Its a complicated procedure to get the drug in there and its uncomfortable. ANy patient who shows impairments on verbal and nonberbal learning and memory tests in basic exam. THis suggests the problem might be bilateral. Also any pateint that shwos evidence of a bitemporal abnormality in other investigations like an abnromal EEG reading or any patient who got an MRI and shows shrnkage of hippo on both sides. 
SOmetimes there is a patient with a bad verbal memory but he has a good non verbal learning that means he has a left temporal problem but probably his right temporla lobes are okay. BUt if that same pateint has an eeg or MRI and they suggest the problemsa re really in the right then we have a conflict. A patient with conflict would also be selelcted for the eSam procedure. 
Patients between seizures may also show an abnormal pattern in their eeg profile. 
SO if we complete an angiogram of brain and we know where the distributed drug will go and during teh test we inject the anawesthetic and put one hemi to sleep and keep it asleep by infusing the anaesthetic and durign this time we do the memory and language testing. 
During the period of anaesthesia we show the patient a whole bunch of new objects that htey have not seen before th ehemi was put to sleep. Only one set of medial structures gets to see the things i show them like tennis balls or keys we are not looking for material specificity but what cvan this side of the brain remember. Then we let the drug wear out of the system so that the hother hippo is awake and once the whole brain is up we show teh patient a bunchof objects and some of them they have seen before the anaestigia and soem nly while one hippo working and the final group we have never showed to make sure they dont just say yet. if the patient cannot recognize that he has seen the objects when one hemi was asleep that suggests th emedial structures that remianed awake encoding ht eobjects couldnt do there job. On the other hand if one hemi is asleep and i show them the objects to the awake medial structures and later on the patient recognizes it suggests that the one awake side can function well enough that the surgeou can go in and take out the side that was asleep. 
So before injection we show the patient memory objects, and establish how he speaks and counts this also helps us make sure which side of the brain that houses speech function, we also show him a prearranged set of objects, having done the baseline we inject the anaesthetic and puts one half of the brain temporarly to sleep. Now we keep goign with the tests but nwo the patient is only workign with on sdie of the brain. Durign this time we show him another 
set of everyday objects that he has not seen before. Now the objects are going to be tested to see if they can be rmeembered later on. Then we stop the infusiona nd let the drug wear off, while its wearing off we keep him busy until both hemis are fully awake. At this time we see what the patinet does or does not remember in term sof obejcts we showed him. IF he does not remember the objects showed to him when half the brain was asleep it suggests the awake hemi is not strong enough to sustain basic memory function and recognition. 
IF we have a patient with a right hippo lesion and put to sleep the right side in theory durin the time we show him teh new objects the awake left side hsould be able to process and encode all the memory items. The next day if i inject the left hemi that has the healthy hippo and we leave awake the hemi with the dmamaged right hippo if durign the time of amnesia and hsow patient all objcts nad when drug dissipates, we should see the patient does not recognise or emember the objects shown. 
THis is so if the surgeon decides he would like to remove one side becaus ehe thinks seizures start from one side than we are makign sure not to end up with HM. 
SO we have a video of the procedure:When you inject half the brain you will see some contralateral anaestesia in the left arm. 
SO she has her lift her arms in the air and move fingers and count and th eleft arm is slowly unable to use one arm, she is then showed objects. You can see throughout the left arm is not moving but she can speak so language is in the unanesthetised region. Then we really get into memory testing, she has to remember the 8 items and we ask questions and make her remember, she will not remember the objects later. She asks colors to make sure she relaly remembers it. So she cant remember the obejcts which means she needs the right and that the left is damaged, but that language is in the left.  There are some objects seh will say yes to that she saw before the anaesthesia which she says yes to showing she si capable of learning and memory but only with the right hemi awake. 
She did process a couple of th eobjects but most of them she failed to recognize after. 
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IN the superior part of the temporal lobe we have auditory parts for understanding language in the left and sounds we cant put in words on the right. 
We have systems for gathering information from the world interpreting it and understanding it. When we experience something perceive and recognize and remember. THe question is how does the brain learn store and enter new info. 
In the old days they thought the medial part of the temporal cortex was part of the smell system. In 1953 Hm had that part of the brain removed bilaterally. THe lesion involved all of the superior part of the medial temporal lobe and he lost his memory and capacity to learn new info, he could retain info from childhood, and layout of his apartment but afterwards he couldnt learn anything new. Milner did all sorts of studies on HM and as a result it became clear that the damage to the medial limbic part of the brain invovlign amygdala, hippo para hippo gyrus, causes a severe amnesiac syndrome. We need to read Milner et al 1963. 
Pateints with unilateral lesions  because of severe epilepsy, do not become amnesiac. These patients with left temporal abnormalities have verbal memory problems. If you read them a short story and then recall, the info they remember is way less than people without abnormalities, or people with damage in right temporal lobe. People with damage to right have trouble remembering faces, abstract design, thinks you cant put in words. Left temproal does not acuase anesia for words but an impairment for words, so does the right. Its not amnesia they are just worse at it. Left temporal areas are improtant for learnign verbal info but the right can do a lot of verbal info if it has to. Some have even completed a PHD without the left temproal area. 
HM would never learn a new fact. The reason why most of us when we have brain damage we have relatively little damage is because its usually unilateral so that when one is damaged then the other takes over, not perfectly but nevertheless we have a memory impairment because each hemi is more specialised in one type of memory and learning. 
The rey osterrieth complex figure, they ask a patient to copy the picture, and then later ask them to copy it from memory and you find the first copy is very good, and the recall is not very good, so a patient with the right temporal lobe lesion will remember less of a design taht is hard to put in words. Hm would remember 0 if asked to recall the dsign a Right temporal lesion would remember 11 and a normal would remember about 22. 
MIlner established that the mind is normal, the cpacity to process, comprend and analyze info in cortical areas is normal. Once the mind shifts to something else then all that was experienced is forgotten. The next importnat fact is the star drawing task, which used to be a standard psyc test, you have a star and you asked to go through that, and all you see it the mirror image of the hand. THe more you practice the better you get. HM kept practicing and learned it. He claimed to never see the star before or not know what he has to do and then explained and he did it perfectly. SO in 1962 she wrote that this is an important fact that motor skills ar learned by a different brain system then by the brain system by which we learn facts. So it established a separation, a realization that in the brain there is not just one learning mechanism. At that point in psyc everyone thought we hav eon eway of learning things. But here we have an example of one person who could not learn and remember new facts or names but could learn new motor skills. So there is a seperation between declaritive aka explicit and procedural aka implicit memory. Others call it real memory and habits. THe point is damage to temporal area will cause impairment to the declarative memory but procedural learning will not be impaired.
If patients only have damage to the amygdala even if bilateral dont ahve the same damage. In the unilateral patients the memory impairment was more severe the more hippo was removed. SO if you had a lesion of the left temporal areas of the amygdala and the surrounding aresas it would be mild, but if you had a sizeable amount of the hippo it would be more severe. In the 70s they would say the hippo is the ciritcal structure that is neccesary for memory. 
ITs correct somewhat but not quite becuase in the 80s Mishkin who was also a student along with milner under hebb. HE discovered that a lesion of the inferior tmeporal cortex in the machoc monkey bilaterally will cause a severe visual discrimination problem. SO if i have two obejcts and we put them here and allow the monkey to choose one to look fro a peanut, a normal monkey will get that its under the keys and in the process show that he can discriminate between one and the other. THis test is called visual discrimination. That was an important finding in the 50s becuase that was the begining of learnign abou the object stream, starting from visual areas and moving forward results in the percept that there is a bunch of keys and the otehr is a laser pointer. But there was a big scientific puzzle. When scientists made lesions of medial tmeporal areas, just like HM's in rats and monkeys, removign amygdala and hippo, animals were able to learn visual discrimination. Some said the usual thing that maybe there are species differences that in humans the hippo is important for leanrign but in monkeys it is not. No one really believed that but no one had a better explanation. Then Mishkin came up with a test. ITs called the delayed nonmatching to sample test. 
We have a monkey and the screen comes up and he sees an object, then a screen comes down and the monkey uncovers it and he gets  reward, then there is a delay and raise the screen and now we put the object that the monkey saw before randomly to the right or left plus a new object, and the monkey has learned to select the new object. IF our monkey uncovers the new he gets a reward but if he uncovers the old he does not get the reward. IF you use these tests and lesion in the way that HM was, the monkey is amnesiac and does not remember that he saw one object first and after a delay that he had seen the old one adn that he should choose the new one. 
This test although it replicated an animal model of the amnesia and solved one problem but opened a can of worms of problems. Why would a monkey with a brain lesion like HM not be able to do the mishkin test but it can do visual discriminations. The second question was HM had a complex lesion, of the amygdala and hippo, which are covered by the cortex of the parahippocampal gyrus, and the cortical areas are most anteriorly the piriform cortex under the parahippo gyrus is the rhinal sulcus, underneath the piriform cortex, which is the olfactory cortex, in the 50s they thought the whole thing was the olfactory cortex. Then after the piriform we have the entorhinal cortex and then surrounding it we have th eperirhinal cortex, and together we refer to this all as the rhinal cortex. But then even more posterior we hav ethe parahippocampal gyrus. So the lesion to HM removed the piriform, the entorghinal and peririhnal and th eparahippo cortex, the hippo and the amygdala. 
The lesion to HM was large and invovle da variety of sturcutres and tuaght us that this part of the brain was important for declaraitive memory but it couldnt teach us the relative contribution of each of these parts. Therefore, the development of the amnesiac model of the macoc monkey opened up the possibility to examine and study the specific contribution of these areas because you could make specific excisions of enterhinal but not amygdala and such details. 
So if you had a lesion of the amygadala and the surrounding cortex, and scolville had done this to some patients, so we would be removing the amygdala and part of the entorhinal cortex and the piriform. If we do th ehippo and surrounding cortex that we remove the para and part of the entorhinal cortex. WHen Mishkin made the lesions of the amygdala and the surrounding or hippo and surrounding, he found that the monkeys with bilateral lesions wre not amnesiac either way. At that point they were very confused. So everyone up to 78 thought they knew that the hippo was the memory structure, but here we had monkeys where we removed the para hippo and hippo and could remember, but if the lesion included the hhippo amygdala and all surroundign areas they were amnesiac. THis meant that we did not interpret correctly th ememory defecit of HM. We all assumed the hippo but that was only part of the story. This led to a lot of new research and some people now make lesion of only the enterhinal and perrihnal cortex. In other words they left the hippo and the overlying cortex from there back. THis part covers the amygdala and the hippo and those monkeys became amnesiac. In other words, if you showed them the object and after a delay they saw it again and a new object they didnt rmember which obejct they saw before and which was the new object. 
So we now see its not the hipop but the enterhinal and preirhinal cortex that are so important. After we have seen heard, touched and epxerienced the world the info is sent to the perihinal and then its sent to the amygdala and hippo, So this tells us that first we see things and understand them, they go into the netorhinal cortex, ther is some local processing, which then sends feedback and info to the amygdala and hippo, and that the entorhinal cortex itself is critical for rmemebering those objects. SO in other words, the first analysis that something is new and somehting is old is done by the entorhinal and perirhinal cortex. SO that raises the question, what does the hippo do, if the ento and perirhinal are by themselves sufficent for me to remember that i saw this object before but i did not see th eother before. OTher studies were done and it became clear that one of the roles of the hippo was to encode, to learn the spatial context within which the experience happened. 
An exmaple of an experiment that showed this kind of thing is that if we are shown an object a in one of three locations and then we show you object a with B in different locations, which did you see this is the delayed matching test, and only damage to the peri and entorhinal cortex will cause problems. Now if we change the test and show the monkey A on the left side and after a delay we show the monkey A with another A and one of the As is on the same location and the other A is in a different location and the correct thing is to choose the A in a new location. SO would a lesion fo the hippo cause an impairment, yes. So if we meet a certain person in a certain context and room with certain other people. and we also like or dislike them. The experiments tell us that after we have seen an object and if we see the object the next day the first hting the brain needs to do is to categorize that obejct as having been experiencd before or not, as being fmailiar or not and the perirhinal cortex does just that, then the info flows itno the amygdala which adds the emotional component of the experience and also that stimulus flows into the hippo which adds the ocntextual part of the experience, where did i meet this person, at the party last friday. 
OU rprof was walking on Uni and he saw someone that looked familiar but he couldnt figure out who he was. THis is the hipppo not succesfully recalling the context. SO sometimes we can retrieve the memory that they are famliar but not neccesarily that their context. So if we put this to th emishkin test all you have to know is that it looks familiar and all you need is entorhinal and perirhinal but we dont need th ehippo. IF we have _W_ and now we see _WW and we ask not if i have seen this guy before but where was it that i saw him, now there is one way to recognize with the context and the hippo. 
So we have perceptual processes and then info processing, as a result of that we interpret and understand our world. After this the parietal temporal cortical areas moves on to analyse the enxt set of info and the next set and go on and on but as the attnetion and processing capacity of parietal and temporal areas have anlaysed shifts onto a nother topic or piece of info that info is sent ot the enterhinal and perirhinal cortex and from there it is sent to the amygdala and hippo, and as our mind moves onto other things the enter and peri amygdala dn hippo are temporally storing the info coding different things. etnerhinal and perirhinal code for fmailialirty, amygdala codes whether we liked or disliked, and the hippo codes who what when where was this experience taking place. We know from Hm this is not where the info is stored permanently becuase HM after lost this area he still had his old info but he remembered his Canadian uncle, so im pretty sure he was american and go tthe surgery in america adn then came to montreal. So all the info he had sotred a year and a half before the brain surgrey but afterwards could no longer store new info, if asked where he lived, he gave his old address and old plans of the apartment. THis tells us that as the cortical areas are moving on to new info the info that we just experienced is being worke don by th ecritical medial tmeporal areas to store it temporally but with repreated experience to store it permanently and then after it is stored permanently we can lose the hippo and keep the memories. But to store premanently where, that no one knows. We hav ea guess, Storing as Hebb speculated in 1949 when he wrote the first book called the organisation of behavior and first to sepculate about neuro scientific theory and said learning was that in cortical areas ventrally, when we see our prof some cells fire and when all cells are coactivated are bound together and he called this  a cell assembly. a group of cells that code different aspects of stimulus are somehow bound together. In the 50s it was discovered that the brain worked with NTs in teh 60s and 70s most NTs were discovered, so when a neuron is bound together they are somehow tied together and probably when a population are triggered then the rest is activated together and we rmemeber the name and the palce. So the neurosn that react to the tiger or Jennifer aniston, the first time we see it there is a nice big response. then when we se eit again and again, th eneuron makes less and les s aresponse. first we see tiget and were amazed the second time its like yeah i lied it and the 50th its like okay. SO we notice that the neuronal activity is still there but its been modulated, and changed. How did we do this, probably the first time we saw MP the medial tmeporal neruons responded and other neurons in parietal repsonded and as a result of the reactions in Medial temporal areas w elearned hes our prof, with a name in the MNI and that kind of info was bounded together as a result of repeated experience and thererfore the answer is that long term memory is everywhere in teh cortex in those circuits processing info, and the changes at the cortical level is what long term memory is all about, which also tells us that there is not such thing as memory like in the comp or like in a filing cabinet but is something that is changing all the time. The first lecture about the brain we didnt fully understand and by the 50th lecture we understand it better and if you get old studying it we understand it even better, so our brain today is no tthe same as it was yesterday but experience constantly shapes the braina dn creates new connections strengthethening some and weakenign others and therefore memory is everywhere based on new linkages. SO it would be very abnormal if you remember exactly the precise location of everything the brain extracts info and enters it anre records it in new circuits and our emmory and experience is the building of new understandin based on teh reintegration of info into new circuits. That is the mos timportant concept. 
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After rhinal suclus we have the collateral sulcus and thats where the para hippo cortex begins. After piriform we have entorhinal and then all around that area we have the perirhinal cortex. the piriform and enterhinal are teh rhinal cortex. 
Another type of question would be the amygdala lies, lateral to the enterhinal cortex, because it covers the amygdala, and we always look at it fromt eh medial view. The hippo is lateral to the parahippocampal cortex. 
The whole thing is called the parahippocampal gyrus on the medial surface of the brain, and we dont see the amygdala and hippo because they lie behind those structures. Inside the rhinal cortex is the perirhinal. enterhinal covers the amygdala. 
Medial to the lateral surface we have the caudate nucleus and covering that we have the putamen, and together they are known as the striatum, The best way to see this is through coronal structures. 
We have projection fibers from the cortex that make the capsules and teh caudate nucleus and the putmane are part of the striatum, in the human brain and monkey brain we have a big seperation between teh two by teh collection of fibers called the internal capsule, in rodents the caudate nucleus and putamen are together and the fibers dont come together but enter as little fassicles and give it that striped appearence. In the 60s and before people used to tlak about the striatum as if it was just motor, now we know that that the striatum is the basis of what we call procedural learning as opposed to declaritive learning. 
Declaritive memory will be impaired by a lesion of the______ caudate, caude and putamen, 
amygdala, lesion of the entire medial temporal lboe structures, all the medial lobe structures is the answer. 
Today we will learn about caudate and putamen and procedural learning. 
Since the 50s we have learned damage to the medial tmeporal lobe if the hwole thing is damaged bilaterally it causes a severe bilateral amnesia. 
We also learned from animal research, primarily monkeys, that the exact same lesion in HM you cause the same amneisac syndrome, had the animal research been done earlier hm wouldnt have had to live for so long as an amnesiac. 
Mishkin did the delayed non matching to sample test to examine monkeys by presenting an object, and then the same one after a delay and monkey must discriminate which one is new. IF you do Hms lesion they are unable to do this. 
We also learned that we were wrong in thinking the amnesia was caused by damage to the hippo, only a small contribution to th ememroy problem is due to the hippo damage, we now know that dmage to the enterhinal and perirhinal cortec alone will cause memory loss on the delayed non matching to sample test. Then the info goes to the amygdala and it is specialized sturcture that adds to the emroised info to the emotional contribution, adn then tot he hippo, which adds spatial and perhaps other context. The important lesson is not only that the medial temporal lobe structures are important for learning new info but that all thse sturcutres contibute in a specific way.
The entorhinal perirhinal cortex recognized that our prof was familiar second time we met, amygdala said whether we liked him or not, and hippo told us he has a name, and a context. If we look at it in this way we understand an interseting thing, patients with epileptic siezures starting from there exhibit a peculiar phenomenon, deja vu and jamai vu experience, i have already seen or i have never seen phenomena. SO if you have a patient that greets you and he says hi and you know you dont know him but he thinks he knows you, he has a false familalarity, a feeling eh has already seen you and the opposite is true. SOme patients see you and your familiar to them and they look at you like a stranger. This is the result that at soem moment they have a strange experience causing the unknown to seem familiar and the familiar to seem unknown. IT is likely to be a result of damage to the entorhinal cortex. Over the years we realised many aspects of amnesia can be broken down to smaller processes related to learning and remembering. It seems the enterhinal and perirhinal cortex is the first cortical area on the medial par tof th temporal lobe that gets all the cortical info where you have seen heard, touched and understood htings, and the experienced ino then goes to the perihinal enterhinal cortex adn that initial computation are needed to establish the fact that these experiences are familiar or unfamiliar, novel or not novel. The enterhinal cortex though then sends info to the amygdala and hippo adding additional pieces of info. 
The perirhinal cortex is right on teh bank or the rhinal sulcus,
We also learned that one great suprising result from lesions in monkeys was that if you present an object a and then a and b they could do but if you had a series of objects and always a pair and B was rewarded, but in the next pair C was rewarded adn then F was rewarded, monekys with medial temporal lesions could learn this. 
So procedural memory is more than just motor skills, and thats what that expereriment showed. IF we give the monkey 30 trials wehre we take an object that i never showed him before show it to him hide it and ask him which one was, he cant do it but I have pairs of objects and show him always this with this and reward for one he can learn normally. When we present one object A and hide it and then present a with B and you use different objects the monkey can only solve it in one way, he looks at two objects and say I sawa one already and he can succeed. This declaritive type of memory depends on medial temporal sturcutres specifically entorhinal and perirhinal strucutres, but suppose now we always present the two objects together, if we went for one you always go tthe reward, the monkey with emdial temporal lesiosn would learn this, if he could speak though he woudl say he has never seen the two objects before, Hm could do this. 
So if we modify soemones behavior by providing reward, like if we get prof to lecture on one side by giving reward, so we have wiped out extinguished the left side and stimualted the right side. So the rat pressing a bar is instrumental learning and HM learning ot decipher between sac and scok which gets a cookie when you pick up the sock yoru brain is instrumentally conditioned to pick up the sock although you might be amnesiac. So if asked have you seen the sock before you would say no never but you still because of ocnditionign pick up the sock because you get a reward. So when Milner publisehd the apper about the mirror drawing, she thought that was motor skill, which didnt need hippo, but than we learned othe rmotor skill slik driving or riding a bike are also spared, now we realized that procedural learnign is not just motor skills, but anything where the relationship between your repsonse to certain things is constant and nonchanging. If everytime we look under curtain there is a cookie, the relationship of me looking under cutain and finding a cookie, but lookign somewhere else i find nothing, even though brain might not remmeber wehre piano was and that yesterday looked and got a cookie but brain learns to repsond to the curtain but not another object. In real life relationships change all the time but in situations wehre relationships of stimulus and response in unambiguous is procedural and depends on the the striatum. 
MIshkin did a lovley experiment. Monkeys were trained in two ways, either delayed not maching to sample but also he had another set of objects wehre always the sock was presented with the bag adn enver with anything else and he always got a reward but if the otehr he did not get one, this is caleld the visual discrimination task. SO if you make a lesion where th axons coming from teh temporal cortex go to the putamen and caudate, the monkeys fail the visual discrimination task, The point is we see something, it moves down to the inferior tmeporal area, and there we have cells that repsond to an object like ennifer aniston or the sock or car, and those cells represent jennifer aniston, but the info then goes first to the enterhinal and perirhinal cortex and a seperate pathway that goes to teh caudate and putamen. 
So not only is there a cortical enterhinal pathway, but also a cortical straital pathway.
The cortical striatal pathway is for taking care of all the things that have to do with procedures, like how i drive the car, or learn to swim, but not only motor skills but even habits like looking for cookies under curtain. 
Most connections in teh brain are bidirectional, there are very few connections that are unidirectional, like in the cortical striatum pathway, the striatum has no axons going back ot the cortex. The striatum talks to the globus palladus, and palladus to thalamus which does talk to cortex but its pretty removed. This makes sense though fro procdural learning, when driving a car we use procedural learning, and it happens on its own and your cog experience is in cortex and then suddendly something happens the car comes into your field of view and you wake up and slam the break. What happened? you were on procedural mode, and suddendly somethign happens and cortex focuses on what came in front of you to make a decision, and cortex send a command to the straitum and the striatum cant argue. So teh cortex can talk directly to the striatum but it cant tlak back. So our conscious thinking, our declaritive mind is capable of regulating directly the striatum but not vice versa. 
November 5
Corpus Collosum:
Left hemi is important for language and right for non-verbal. We saw examples in memory lectures. We have emphasized that there is no such thing as absolute specialization. Both the left and right process verbal info and non verbal info. We know that most strikely from HM, when Hm had the bilateral medial limbic lesion, thats when he lost ability to learn and require new material he lost his memory totally. Never the less if they removed the left side they can become succesfull lawyers and business men. They have a verbal memory defecit but they do not have a verbal memory amnesia and that is very important. So they learn verbal info slower than people with right lesions, but ultimarely they do learn. The point is specialization is relative and not absolute. Only bilateral lesions cause a total breakdown in function. So bilateral lesions are the most devastating. 
THere are pathways from cortex to subcotrical strucutres called projection fibers, such as cortex to the caudate nucleus or vice versa. THen there are fibers linking cortical areas of the left hemi to another cortical area in the left hemi, like superior longitudinal usicilus, that links the right parietal to the right frontal cortex, THose are are claled asociation fibers. 
Commisural fibers though are fibers where one cortical area is joined to another area of the cortex on the right. The largest commnisural fiber is the corpus collosum sometimes also known as the great cerebral commisure. There is another fiber system called hte anterior commisure that joins anterior parts of temporal lobe together. 
Some epileptic patients suffer from severe epilepsy that meds cant help and if the seizure is focal, then we can remove that part of the brain. There is an even smaller number of patients that have epileptic seizures but they are not focal, there are many foci. Neuro surgeons in 40s and 50s attempted to control the spread by cutting the Corpus COllosum. Often the anterior commisure as well. In the early attempts of this surgery the neuro surgeons discovered that the cutting imporved the epileptic problems of the patients, had fewer less severe seizures and there seemed to be no cognitive deficits. So it looked like a terrific surgery. This was a great scientific puzzle, how can we have millions of axons that we know from anatomy connect the left and right cerebral cortex. In 50s roger sperry looked into this he started with experiments in cats and monkeys. So, he cut CC in the monkeys and the optic chiasm. He cut the optic chiasm as well, making it that if i cover one eye everything i see only goes to the ipsilateral straite cortex. He would cover one of the cat or monkeys right eye and train the animal on visual discrimination. Visual discrimination is just a test where you present two objects and then under one you hide food and the animal must learn which of the two objects hides the food. After repreated trials our cat learns the square but not the circle covers the food. So with right eye covered, the animal only sees with left eye, and all the info is in the left straite cortex and the animal also has the corpus collosum cut so tehrefore at least from anatomy teh communication of left and right hemis are disrupted. SO once animal has learned visual discrimination now we test with the right eye, now that the optic chiasm is closed the naimal sees the square and cricle iwth the righteye and sends info only to the right straite cortex and the question is will this animal with CC cut know and get 80-90% correct that the square is where the food is hidden and not the ciricle. The answer was no. The animal that laerned visual discrimination that the square was correct, when switch eyes it knew nothing about the task, and if we tested with the elft again it did well. You could even teach the animal two conflicting repsonses, one for each eye. A normal cat will not learn anything. 
These experiments are what we would expect from neuroanatomy but contradictory to what we found in humans. Sperry also did tactile experiments, it touches objects and then selects one of two objects and press on it and get a reward and one might be smooth and one rough. SO presumably when learning discrimination if it was done with the right arm the animal learned in the left hemi, so the question was if you test th eleft fore paw woudl the animal know, no! so visual and tactile it was clear that with cats and monkeys, that anatomy was correct, if cut CC the right and elft cant talk to each other. 
So why in humans was this different. In the 60s Sperry moved to Cali institut eof tech to study the patients of the neuro surgenous who started doing these operations again. he realised maybe the reason the patients appeared not to have impairments was becuase they were not tested properly. In other words the problem was that they only had the corpus collosum cut which meant that if they cover right eye all info went to both hemis Therefore sperry speculated perhaps what happened was the two cerebral hemis coudl not communicate with each other but perhaps they were learning seperately the same info. So you thought everything was normal not becuase they were communicateing but becasue they learned indpendently but the same info. He decided to test this hypothesis. Gazangica was his graduate student at the time. So there is a problem if they see table info goes to bothe hemis, and they can read it but how do we know the left and right can relaly do the task. SO they exploited a known fact about the anatomy of the visual system. If you fixate at a spot everything to the right ends up on left straite cortex and everything to the left ends up on the right striate cortex. BUt that is if you dont move your eyes, OUr eyes constnatly fixate and then our eyes shift and when we think we keep looking we move and look back. They decided to ask people to look in a specific part of the visual field and then falsh very fast info added to the left or to the right. Info was logn enough that you could see it but not logn enough so people could move their eyes. That wasy if you ask people to just look and moment looked flash a word then you knew info went first at least to the right. The results were astounding, the normal patients who had "no cog defecits" had no idea when words were flashed into the left visual field, becasue if it went ot he left they ended in right striatal cortex, presumably analysed in right, the patient could not read. 
If same word in right and then first ot eh left and therefore was abailable to the left but not the right, the patient had no problem and could read all the words. 
The next question was, they were not reading it, because mayb edoesnt have the reading, but maybe the right understood that it saw, so they would flash a pic of pencil into left visual field but if asked to use the left hand controlled by right hemi to search in dark they coul dpull out pencil. SO clearly the right hemi could understand soem language, so even if pencil was written, but clearly the right could not speak. The left produces language, but hte right could read or see the object pencil understand and with left hand controlled by right nonerbally retrieve the pencil but not the pen. 
If you put an object in left they couldnt name it, but could retreive it again with th eleft, so the right hemi could understand and interpret but cannot say what the objects were. 
When you put to sleep the left hemi the patient cannot talk at all but can understand a lot of language, so left hemi is dominant in understanding and producing lanugage, especially for difficult syntax but the rgith has a lot fo language comprehension but almost no express abilities. SO you can communicate to the patients verbally the instructions but you can also intsturct them non-verbally. We also found if you present emotional pictures, that provoke laughter, to the left the info went to he right and person laughed, but when explaiend to them that htey laughed they had no idea. ITs not that they had no idea but th ehemi talkign to you had no idea, because the joke was seen by the righ themi, there was laughter and smiling, but they didn tknow why they smiled. 
This became very clear the stirking difference between seeing understanding and speaking. In one experiment presented a red square in the left visual field it went right and couldnt say whther red or green, if in right they could say it. After a while on all trials the subject would respond confidnetly red or green. But if in the left visual field they would only get it right half the time. If the patient made a mistake and it was wrong, noticed patient was doing funny movements and say no sorry it was green. If it was correct there was no movement of the face. Essentially they realised that when they started doing experiments there were only two thing, and when got to the right hemi, it initially didnt repsond, but left hemi figured out it was either red or green anyway, so even though left didnt see anythign the left hemi although didnt see started guessing. WHen it got it wrong, the right hemi heard th eleft hemis answer and if it was correct it didnt react, but if it was wrong, it would say no and start reacting. so without CC the right hemi started mkaign funny faces and left hemi soon picked up that if soem movements of facial muscles it should chang eanswers. 
Basically in humans as well you can show tha tht eleft and right hemis after a corpus collosum damage do not communicate and the person lives in two seperate entities. In everyday life, the patients are happy, because we talk about severe medical conditions being reduced and it doesnt bother them too much but nto because the CC does nothing but because when make CC lesion you have a person whose two halves shared 25 years of commone xperience so eveyrhting they knew together, then you mkae th elesion then in everyday life the two hemis now lead a sperate existence nad experience by themselves but experience same events, however there are anecdotal stories from relatives which show the lack of communication can someitme shave funny results. 
One patients wife described the husband as soemtimes to try to pick up shirts and fight over which shirt. Probably what is happening is the left hemi decide dit wants the blue shirt and controls the right hand and right hemi controls left hand and no control of each other and they make different decision and there is conflict. Presumably the two entities lead two seperate existences, and two minds. If we did this in a child and optic chiasm we would have two halves of the brain that could be different in tastes of music litt and living in the same skull each only contorlling half the body. 
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Read Gershwin The Language
THe left hemisphere is involved in language but how did this come about? THe origin of neuropsychology starts with the investigation of language disorders. It was in 1861 when Broca was asked to see a patient who was severely ill and had paralysis of a side of the body (right) and he had gangrene and they amputated. Broca discovered the patient couldnt speak but could understand. He asked about the patient and it was said he was finea nd could talk a fw years ago and one day he had a stroke, and he lost movement of right arm, then later another little stroke and lost movement of the right leg and most strikingly he lost the cpacity to speak. Broca was facinated because in 1861 in Paris at that time there was debate of whether there is or is no localization of cognitive function. In fact Dax was there who argued on the basis of various kinds of things that maybe language was localized in the frontal lobe. So Broca, a great anatomist and physician was facinated in teh aptient, when the patient died he obtained the brain and examined the brain very carefully and he discovered that there was damage ot th left hemi somehwere in the front part of the brain. 
There is a superior an dinferior precentral suclus. I believe posterior to anterior it goes pars opercularis, ascending limb of sylvian fissure, pars triangularis, horziantal sulcus, pars obritalis.
Neuropsyc was born in 1861when broca studied this patient and was the first time in the history of science when a clear localization of cog function with a particular part of the brain was discovered. Apparently he could understand so thought the various people who looked after the patient. When the patient died they found a lesion in the region between the sylvian fissur eand inferior forntal sulcus and inferiror precentral sulcus in the left hemisphere, which caused a specific cognitive problem. The study of aphasia began here. Aphasia is problem of language that result from damage to the brain. Some people use the word asphasia but others use dysphasia. Apasia is lack of language and disphasisa is difficult in language, but hte two are used interchangiably. 
THis problem came to be known as Brocas aphasia. 
A great german investigater Wernicke reported damage in the left hemi to a different part of the brain a different type of disorder. THey had trouble understanding what was said to them, which was the opposite of expressing or talking problems that Broca found. The lesions were somehwere in the posterior temporal lobe. Wernicke was veyr excited because he said this is the suprior temporal gyrus, which in his day was known to be involved in audition so he thoght maybe some parts of ht eusprior temporal gyrus maybe important for analyzing and decoding autdiotry signals that provide language information. So talking is the sending of sound waves, and that info goes to the thalamus, mgn from there to the heschels gyri. This area became Wernickes area, and the problem was wernickes aphasia. 
A brocas patient would show comprehension of the environment but could not express himself, ther is a striking difficulty in getting the words out. Brocas aphasia, is not fluent and he produces just a fwe words, in the early days they calle dit telegraphic speech. The voice is also very flat, there is no melody, which is called prosody. THere speach is disprosotic. We also notice that small grammatical words disappeared, initially people thought hti sproblem was due to fact that patients have trouble getting info out, but other aphasiologists realized that was a fundamnetal problem of broacs aphasia, the lack of grammer, because even if insisted that they say i went to the patient still cant. so they have troulbe with syntax of language. BY syntax we refer to the rules of how the words must be placed ina sentence to convey certain relationships. Jon kicked paul, Paul was kicked by jon means the same thing we know this because of syntax. So brocas aphaisatics are agrammatism.
Wernickes dont understand what you said but go on tlaking normally with normal prosody, about nothing and produce a lot of english words. Sometimes they make new words which we call neologism. THey add letters of phrases or sylabels to the words. So it was clear the left hemi was critical for language. The damage seemd to be around the sylvian fissure and it was clear we discovered by 20 or 30 years after broca that around the sylvian fissure around the left hemi there are areas critical for language, if the lesions were anterior in inferior frontal gyrus, brocas region, we got a problem with expression, if th elesions were in posterior temporal area you had a predominatly receptive language problem. 
Then people started arguing saying that these are large strokes that destroy these areas. So where exactly is brocas or wernickes area. Electrical stimulation at MNI in patients who were undergoign brain surgery for epilepsy or a brian tumor near the language area. SO if surgeon operated on brain tumor on epileptic abnormality naturally the surgeon worried whther removing that part would result in a language disorder. Penfield and other neurosurgeons pinoneered electrical stimulation of the brain. So the surgeons would open a window cutting skin removing skull and have the brain exposed, the patient would be under local anaestsia becuase no pain inside the brain, and the surgeon asks the patient to talk or to count or say the names of the weeks. THen the surgeon stimulates electrically. If you stimulate the part of the brain involve din language, since ectrical stimulation is noise and disrupts circuits, not activating the brain, then at some point the patient stops tlaking becuase of hte dispruption in the language area. So basically we find an area critical for language. Stimulation of pars operculaes which is area 44 and the posterior half of area 45, is the area where stimulation causes speech arrest. What happens if we stimulate behind the inferior precentral sulcus, which is the precentral gyrus, which is the motor cortex, We also know that there is a part of the crtex that is referred to area 4 on the front bank of the sulcus which is the primary motor cortex, in front of that is area 6 which as differnet usbdivisions, area 6 is the premotor cortex. Both these areas are agranular cortex. 
Area 44 is the pars (part) opercularis 
area 45 is the pars traingularis. 
47 is the pars orbitalis
If we go posterior to area 44 on the lower part of the precentral gyrus, we would get the motor representation of the facial muslces, There are at least 2 areas 4 and 6 and two divisions of area 6 anterior an dposterior, area 6 is agranular. 
So layer 4 of CC picks up info from the thalamus and spread info within the specific region. So the precentral gyrus doesnt have this. The brain is a bunch of areas talkign to each other. BUt within a particular area the signal comes in through layer 4 generally and they get excited meaning they received the signal and then they send it to other neurons within that area inthe columns, and there is some computation and out goes the signal. 
Interestingly areas 4 and 6 got rid of layer 4 to increase response time and pseed up reaction. IF get signal through layer 4 that wastes time. If input comes directlyt o layers 3 and 5 then you get rid out of the intermediaries which means you can respond bery fast which is very important for precision of movements, like for guitar player. 
In motor cortex we sac thinking for speed and other parts of hte brain do the thinking. 
If you have a patient talking and you stimulate not area 44 or the posterior part of area 4 but in the anterior part of the pre central gyrus, you get speech arrest but itnerestingly you also evoke abonormal movement of mouth and tongue, we call it the auro (mouth) facial musculage. Suddently the patient stops talking and makes a funny sound. In other words when we stimulate there we have disrupted normal activity and provoked aural facial repsonses, we didnt make patient start talkign but caused contractions of the musculature of ace and mouth and an inarticulate sound may have come out. So there is speech arrest with vocalization. 
When you stimulate area 44 or 45 you dont cause vocalization or abnormal contraction of auro facial musculature but just arresting of speech. 
So there is an anterior an dposterior part of area 6. We now know from anatomical studies that area 44 talks to area 45 meaning whatever was decided ina rea 44 is sent to area 45 via cortical cortical connections, area 44 talks to area 6 and the inferior partietal lobule and the posterior part of th esuperior temporal gyrus and 45 does the same. So we are saying that it should be obvious that there is no localization of function in one part of the brain, language is not in one area. ITs computations in widely distributed areas and interacting networks that subserve our cognitive processing. Having said that though its improtant to realize that specific areas in the network do specific things, so working emmory is not one area of the brain. THey are many different areas workign together and interacting so the psyc experience that we call workign memory or perception is really something happening in many cortical areas and each component contributes in a specific way. Cog neuroscience is tryign to dsicover these networks. But its useless to just say these areas are involve din language, then you have to explain how the different compoennts contribute. 
So area 44 and 45: they talk between them and 44 talks to 6 and 6 to 4 whcih talks to 3,1 and 2 plus 44 and 45 talk to the inferior parietal lobule. 
The anterior part of the area between the intraparietal sulcus and the sylivan fissure and anterior to the anuglar gyrus is the super marginal gyrus. THe angular gyrus is the posteiror part of the inferior parietal lobule. The superior tmeporal and medial tmeporal gyrus also talk to areas 44 and 45. SO when we talk tehre is a lo of activity, areas 44 and 45 are very active and so are 6 and 4 and so are super marginal and wernickes and many other parts. 
From the facts we already know imagine network of the brain already working, I hear a question, have auditory perception in posterior cortical areas and understand what the question was, then there are association connections, whcih are long axons originationg from psoterior temporal and parietal areas and they come down to areas 44 or 45 uploading or downloading waht i understood was th question you asked me, area 44 and 45 do there own computation and then i start talking. 
Area 4 in layer 5 has very large Bets cells, which are the cells whose axons project all the way down the internal capsule to the brain stem, if fro aural facial msuculature but otherwise all the way to the spinal cord. 
In area 6 its still agranular but without bets cells. In area 44 we have disgranular, because a few granular start to appear. In layer 45 its fully granular. 
So using the long cortical cortical pathway from wernickes area we send info to layer 4 which are many in 45 and few in 44 and send info to other layers and compute it and start talking. We now think we understand what might be going on. Some of the best work comes from Rizzoloti in Italy. They record in tehse areas in monkeys. Monkeys dont talk but move open and close mouth. IF you record from teh mtoor cortex somehwere in the had area, but same in auro facial area, so if im about to reach that object as the hand comes i must clsoe my fingers in precise way to pick up a marker, so if we find neurosn in the motor cortex that respond to reaching for the marker. However if we put an obstacle in teh way and we cant reach in the usual way and instead we pick it up in a different way and the cell does not fire, others cell fire. So we found that if your in area 4 the precision and precise muscles that are needed cause the cell to repsond. THis was important because if we now record a littl ein front in pre motor cortex in area 6 then we have a cell that is activated when it reaches for the marker, and usperficially in area 4 or 6 when our monmkey reaches some neurosn appear to compute for reaching and grabbing. There is a critical difference though if we put an obstacle there area 4 stops repsonding but area 6 neuron still responds. It probably means that the premotor neuron in area 6 codes for intention or plan, reach and touch the object so it doesn tmatter if there is an obstacle. 
So we could say that the area 6 pre motor enurons are part of a local circuit for the computation of the intention to reach and touch or grab something. ITs the commander. Th area 4 neuron is another circuit that computes the details of the reaching. 
Then what happens in area 44 that is right in front of area 6. We dont know at the neurophysiological level but we can guess. Area 44 and 45 get input from far away the inferior partietal lobule and the temporal lobe and these areas perhaps take the thought, which is no pre area 6 is not granular but agranular and we must program a sentence in english that is gramatically correct and then send the info to the premotor cortex that will decide how to pronounce the word john an dthen it goes to area 4 where it actually cuases speech. 
Rizzoti also found mirror neruons, one day an experimener reaching for the objec tand th eneuron was activated as well. They tsudied these cells and found a sub population responds not only when monkey makes a movement but also when sees another monkey make that movement. THis means that not only when I make the movement do i know about intention to reach and touch but also if i saw my brain understood you action becuase my brain played the motor program tha ti would have to make to make that movement and that way i understand that action. 
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Continued exploration of language areas in the brain, the recommended readings are Mohr on Brocas Aphasia, its a long chapter and we should just read it once but the most important part is the last few pages. Were also supposed to read Gerschwin adn then the rossmuscen and Milner articles. 
He drew a nice outline of left hemisphere, and he marked central sulcus, area s1 posterior to CS, then tehre is the intrapiertal suclus dividing the parietal to the inferior parietal lobule and usperior parietal lobule, the anterior part of the inferior lobule is the supra marginal gyrus, and posterior is the angular gyrus. 
We have the ascending brnach of the sylvian fissure than the horizantal branch of the sylvian fissure in counter clockwise order from the sylvian fissure. 
In starting the language section of this calss, we said that startign in 1861 with Brocas observation of damage in the left part of verntrolateral frotnal region and a severe aphasia which caused a problem of production of language, we now think we know this area is critical for productive apsects of language, and we call this region Brocas area. At the saem time startign with Wernickes observation of damage in posterior tmeporal dmagae of left hemi causes a severe comprehension of language problem. So in posterior part of temporal lobe there are language areas crtical for comprehension of language and at same time areas in anteiror part invovle din production of language. THen there was the idea that soemhow the posterior language areas in the posterior central region communicate via the arcuate fasciculus, an asscoiation bundle, to communicate between each other, so posterior and anterior language areas can communicate. THis is the classic concept that has dominated our understnading of language areas in teh brain that we accept today. 
One thing that was made clear from electrical stimulation studies in patients undergoing brain surgery, brain surgerons stimnulate in order to determine what areas are necesary for language so they dont remove that. 
From this it has become clear that when stiumulated area 44, pars opercularis as well as posterior part of pars traingularis which is area 45 of broadmann that htis stiumialtion of specific region under local anaestsia led to speech arrest. Meaning if the patient is talking and stimulate there they stop talking. SO we had a clear def in frontal lobe of critical language area. 
There is a diagram in rosmussin and milner, 
The posterior area is very extensive, it includes a large part of the temporal gyrus, and larg eparts of t emiddle temporal gyrus and aslo it includes the angular gyrus and the supermarginal gyrus. So we are really saying wehre as in the left hemi in the frontal lobe, the brocas area appears to be a restricted language area zone encampassing a specific part of th einferior forntal gyrus, in the posteiror part of the brian its a huge area involving infererior parietal lobue and large part of posterior temporal area. 
Areas 44 and 45 are on the inferior frontal gyrus. 
Clearly the large zone in the posterior are not unfiorm. They are all different in cytoarchitecture. Therefore we should nto be suprised that within the posterior language zone liv emany different aspects of language processing. 
Language is not just talking, its also reading and we can have visual signals of language, like sign language. Writing produces visual symbols that convey linguistic messages and readin is looking at visual symbols that convey linugistic messages. In 1891 a Frnech neuroanatomist neuroscientis called Dejerine encountered two patients, one suddendly lost hte capcity to read and write. THen he found a well educated man who suddendly as a result of a small stroke, cerebral vascular accident, in teh brain, also lost his ability to read adn write. SO although he couldnt read french he could copy slavishly except that they now made no sense. SO he had no visual problem. He failed to read not because he could not see but somehow leters and words in teh french language that he knew so well became a  foreign language. 
OF course he also could not write but could copy them and draw. WHen the patient died, Dejeriene obtained the brain and found that there was a large lesion in the left hemisphere areound the angular gyrus region. Dejeriene described this problem as alexia with agraphia. Alexia is diffficulty in reading and agrpahia is a difficulty in writing. 
Dejeriene interpretted this that maybe somehwere in the left hemi fo the brain around the angualr gyrus there was a specialized area of the brain that was critical for the conversion of visual symbols into linguistic meaningul symbols. THen a little later Dejeriene observed another patient who was a little different, THe patient had alexia without agraphia. The patient had an inability to read but the patient could write, although he couldnt read his own writing. 
THis patient also had right homonoymous hemianopia, which indicates that there must have been damage to his left occipital temporal tract or striate cortex. 
Was this a satisfactory explanation that patient couldnt read but could write, no. There are many patients that have right honoymous heminaopia as a result of left straite lesion, which means when looking at a spot the right half of visual field is blind and only see the left half, and these patients dotn ahve trouble reading or writing. 
So it might be difficult for them in the begining but they learn to compensate and read. 
Why did this patient have right homohymous heminaopia suggesting damage to right striate cortex but also have trouble reading something which is not the case of most patients with righ hoonoymous heminaopia?
Dejeriene also wrot ea neuroanatomy textook. He studeid the brain and found that there was damage to the elft striate cortex but also to the splenium of the corpus collosum. Dmamage to teh splenium which prevents posterior parts of the cortex from communicating. Dejeriene said then that the damage to the left striate cortex forces the patient to view and read the words with his left visual field and of course the left visual field sends info to the right striate cortex, the right striate cortex processes the information from the left visual field. SO the right is what sees. The info then that i read and understand must be transferred from the right hemi to the left hemi to the left angular gyrus, whcih is critical for writign and reading, so he couldnt transfer this information that he saw perfectly well from the right to th eleft and therefore he could nto read it. 
Then Dejeriene said why can this patient write. Now he said that there is nothing wrong with his anugalr gyrus in the righ themispher eand there was nothing wrong with te connections of angualr gyrus to the motor and premotor areas of the left hemi that control the right hand and therefore our patient has the knoweldge of what table means, and has area of the brain that ocntians mental representation of the alphabet  and how to manipulate it and therefore if he wants to writ ethe word table he can do so. ALthough when he looks at it he cannot read. He would use his minds eye for the visual form of lanugage, and the minds eye is the neuro computation in a specific part of the posterior language region that is called the anugalr gyrus. IF you look at the broadmann architenectonic area its called area 39. 
Since in his minds eye, area 39 he has rules and images of what visual form of language is and since the connections in teh at part of the brain were in tact, he was able to write. 
He probably would have been able to read if he traced the letters. 
Presumably the CC always sends info from right angular gyrus to left angualr gyrus. The right probably does the same thing but were dealign with relative dominance for spatial and language abilities. We know damage in the left causes severe problems but if we have corresponding lesion in the right hemi we dont ahve a severe aphasia, that doesnt mean the right hemi doesnt contribute, it means they contribute in a minor role. We know that becuase in the split brian patients when they were givne a word and if you wrote the word apple or pen and to search with the left hand controlled by the right the left could get the pen and we presented that info the right and left and right cannot communicate and nevertheless the right hemi probably the right angular gyrus could read that word. We also know from sodium amobarbital test that if we ianctivate the left hemi we get abolition of language but during that time that the left hemi is inactiv ethe nueropsychologist can still communicate with patient, you can tell him a simple story and when they recover and you asked what wer ethe words i showed you what was the little phrases that it old you, the patient recognizes it. So although, in media an dpopular boosk and culture we have over-simplification of left being all language and right all spatial. 
After Broca saw the patient with the left ventralateral frontal lesion and severe aphasia, and after wernicke people ntocied msot people had damage to the left region, in teh peri-sylvian area, had language disorders, we also know most people are right handed, but they noticed occasionally large regions of the region but no aphasia, and usually when thi shappened the patient was left handed. 
The idea arose quickly in the late 19th early 20th century that maybe left handers are th emirror image of right handers. SO in left maybe language in same areas but in right hemispehre. THis is not correct. It bcecame evdient fast that this was not true because many left handers had lesion in left hemi that did get the aphasias. 
Sodium amobarbital or Wada- neurosurgeons realised that they ahd to stimulation to establish language areas near tumor or abnormality, so clearly they hoped for a method to establish before operation whether a left handed person had or did nto have languag ein the right hemi or left hemi. 
ALmost every right handeedd person ahd language in left hemi. SO sodium ametal test is when inject drug in left hemi and when that happens patient stops tlakign and effect lasts 10 minutes, then patient starts tlaking again. Conversely when you inject the right hemi the left half of body paralyzes, but patient can still talk, if you have language in the right the opposite happens. SO from studying lots of patients, the results are the following: Left handed or ambidexterous are essentiall the same and they are different that right handed people. So we have three categories, language in left hemi, language in the right hemi, and those with part in each hemi. 
For the people with part in each hemni, have language equally distributed and so when you inactivate one or the otehr the patient manages. 
We find the following statistics. 96% of right hande dpoeple have language impairment aft eryou inactivate for 10 mintues in the left hemi, 0% have bilateral language representation. 4% have language in the right hemi. 
In the left and ambi people 70% are still in the left hemi, 15% have in both and 15% in the right hemispehre. 
So majority of left still ahve language in the left. 
In real life he says the proportion of right handers is really 98%. Petrides says this becuase we dotn randomly sleect 100 students, which would be the correct statistical test. 
For left handers they are probably unbaised becuase if you come in to the hospital and the surgeon is goign to the left hemi the surgeon asks you to undergo surgery if your left or ambi, but if yoru right handed they dont bother. SO the surgeon only goes through procedure if your one f those who the surgeon bleieves has lang in the lefthemi. 
How does the surgeon know the patient might be one of the few individuals, based on psychological report. So if we test the patient who is strongly right handed na dhas epileptic abnormalities coming from the right hemi and after each epileptic abnormality th epatient has some trouble talking or reading she says this is not typical. you would epect a patient who is right handed with epilepsy in left to perhaps have some language trouble before or afte seizures but if the abnormality in right handed patient is comign from right handed hemi there should be a language problem. 
L and R contribute to language but strong dyssemtry and mroe equal for comprehension in the posterior regions but still overlal the left hem isi the more dominant one fro language, in almost all right handers and in about two thirds of the left handers. 
the left hemi is critical for writing and ideomotor apraxia because if we ahve a lesion in supermarginal gyrus, the part is very improtant for expressing movements of hte body, to communicate. and if we hav ea lesion here or to pathways we have ideomtor apraxia  for both hands, however if no damage to this part but now we hav ea lesion in Brocas areas but also extending futher up to damage in right arm but no problem in left hand. Then you say to salute and wave good bye and they cant do it. SO now we ahve an ideomotor apraxia, a failure to use remianing good left hand to salute or say bye, but there is nothign wrong with right, so why do we have this apraxia and the explanation is the same because both writing but also the use of the body for expressive communications regardless of wehther language in stirct sense of wrriting and tlakign but communicating is controlled by the left hemi. The crtical areas are in teh super marginal gyrus for ideomotor apraxia. This type of apraxia is called sympathetic apraxia and you see the same thing in teh split brain patients. So in pateints with split brain if you present a simple word and present to the left visual field that goes to the right a patient cannot do a commuinications. This probably goes through the genu of the CC. 
Facial expressions are less dmaged from ideomotor apraxia, because there is a bilateral representation of motor areas in both sides hwere as hands and legs are viturally contralteral. 
In fMRI we see when patients try to talk activity in right hemi yet we know damage to it wont harm it, which emphasizes although the right works with the left it play sa minor suplementary role.  
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What happens if the suggestion is that patients hav ea bilateral inteference in the mesial tmeporal region, the hippocampal region. This is a problem becuase we want to make every effort to ensure that we can stop the seizures or remove the tumor but at the same time we dont want a patient with a severe memory difficulty like HM. WHen routine psyc tests show that the contralateral structures may still not be working well then they must go in and perform a more invasive surgery, referred to as an acid test. 
The differnet sides of the brain in terms of memory and hipocampal memory are improtant for idfferne things, left verbal, and right to encode and learn non verbal or abstract material. On the other hand we can still resect the structures from one side becuase even if we leave the patient with a  verbal memory defecit as long as the other side wordks the other side has a capaity for basic fmailialarity. THe procedure though has as its goal as far as memory function to make sure that the structures contralateral to the proposed lesion can sustain this basic familialrity. We also use the test in patients in who we are not sure how speech and language is organized in their brains. In right handed patients we know 99% have language in the left side. We also know that left handed cases are not as clear cut. It is true that most about 70% have speech in left side but there is 30% which we have to account for. AMongst these elft handers 30% have atypical language representation ( not in left hemi) and half of those cases are all in the right and the other half have a bilateral distribution. In that the left has some language centers and so does the right. 
SO the two reason to do this test is determine how language is organized and to evaluate memory. Language organization is important becuase the language centers are very close to the medial temporal areas. Its improtant for the surgeon to be sure where language is represented becuase it helps guide his apporach to surgery and th eintended resection. 
eSAm procedure, the drug we use is called etomidate, and is a fast acting barbituate (anaesthetic) SAM is for speach and memory. 
In the 50s to people at MNI came up with a way to look at speech organization in patients who needed surgery. Wada and rasmussen anaesthetized on hemi and did so through the internal carotid artery. WHen you put to sleep one hemi you can test the functions of the aake contralateral side. We test with very simple tests because there are only 5 or 6 minutes that the drug lasts for. 
THe selection criteria for patients going through the procedure, in canada they only put patients hwo need this procedure through this because its invasive and not pleasent, so only select carefully unlike US> Patients who show impairments on verbal and nonverbal learning and memory tests in basic exam, evidence of bitemporal abnormality on EEG or MRI, or conflict in lateralization by EEG vs MRI than we have the patient tested. 
Often there are differences between our methods of investigation, sometimes EEG is clearly left and MRI shows a big lesion on the right, when that happens we dont take a chance. 
So etomidate is injected via the internal carotid artery, and once we inject the drug we ask the anaesthetists to maintain an equal level fo the drug durign the time the test is done, wanting to make sure the drug is active and th efunction is only in the right hemi. SO during this time we introduce simple everyday objects, during that time there is a hemi anesthesia which indicates the drug still works, when we give all the memory items to the awake hemi, we stop the drug and let in wain out of hte system. Once its all gone we test that not only by EEG reading but also with power, so while drug is in effect one arm works but other isnt, when drug wears off they can again put both hands in teh air. 
WHen everything is baseline and hes totally back we test the persons ability to recognize the memory items we gave him when one hemi was asleep. 
Schematically before injection we see two hemis and the whole person is awake and before putting one hemi to sleep we establish abase line level of function. We still test memory and lanugage during this procedure. Durign a baseline we run the patient through basic speech and language abilities, they hav ehim count say days of weeks forward snad backwards, have them spell, read, and repeat words to establish what the patient can do awake. We also show the patient before the injection anothe rof memory items, simple objects, about 8 that he should be able to remember later on because h had both hemis working. THey are a control. 
Then the drug is injected, one hemi goes to sleep, then they ask the same things froma  alanguage perspective and we check if he can spell words, name objects do sequencing things, and they keep cycling through the language tasks until they are back to baseline, at the same tiem durign the full drug effect they also now introdcue the critical memory items, the use of memory items show with one hemi awake and these are the ones they look for once the drug has warn off. 
After this they stop the infusion and durign that time they continue to do all the language tests until they are back to the level of baseline performance in terms of langauge and pseech function and motor function. Once the drug is out of th eystem we have two fully awake hemis and durign this time we test the ability of the patient to remember the critical memory items. So the etomidate essentially mimics what would happen with a resection surgery. 
If durign the final critical memory testing thoug he cannot remember th eobejts shown with the one awake hemisphere it suggest that one awake hemi cannot do the job if the sleeping one is ressected. 
aminobarbital has stopped being use for economic reasons. 
First they do an angeogram to see where teh drug will be distributed. THey have aborted surgeries becuase htere is too much crossover. 
The objects we want the patient to remember can be coded visually or verbally, we are not testing for modality specific effects with the esam, there is not time for that but we are only seeing if he will be able to retain basic adequacy and familiarilty with the envirnoment to live. They show him 8 befor e8 during and 24 after, he should say yes to 16 objects and no to the 8 foils or distractors. 
We watched a video of JG's right side, so we inject his right hemi and we leave his left hemi awake and he is very strongly right handed so he should be able to speak. We did not see the baseline. 
A pass is remembering 6 of the 8 objects but also depends on baseline. 
ONe of the arms slowly falls, he can still read correctly, and has disarthrea, like marble in the mouth but repreating correctly and counting, which he can do. THen they do the 8 item memory task  
As teh drug weins they continue language but he hasnt made any mistakes so we know thats okay but she must complete testing until drug is out of th esystem. ( I dont get why we continue testing when the infusion is wearing off?) Testing visual fields also measures whether drug has worn off or not. At some point he can see both fingers moving from each side. So when the right is anaesthetisezed he had a little trouble he recognized 5 really well on one he was slow. THis make ssense becuase they left the hemi awake and clearly the left hemi awake he could still speak and he had a little of difficulty with memory suggesting th ehippo structures there are not working as well as they should, which makes sense becuase propoed surgery was on the left side, so it makes sense that he was having trouble on teh elft side because thats where the problems were. 
Now she is showing us when the left hemi was injected one day later.
SO he does not have comprehension he doesnt know whtehr to squeeze. He cant speak but he can understand kind of but he cant tlel you what it is. He understands to hold it and remember but he doesnt have complete comprehension. HE touches everything rather than what he is supposed to. He is aware he cant speak. In this case eh will continue for a long time to have difficulty with speech and language, this maeks sense becuase we injected the speaking hemisphere, its differnet for different patients for time of return, once the drug comes out they do the recognition test for the 24 items and he correctly tells you the 8 items he saw in baseline which is good fully awake he can recognizae everything, he correctly says no to tawas never shown, he also says yes to all the ones showed during the period of the drug infusion, which is really good. THis means that when we injec tth eleft hemi and put that hemi to sleep and leave the good right side even though he couldnt say what the objects are he still had the capicty to recognize them correctly in the recognition, so this is great becuase if he has the surgery he will function regularly.
He was able only able to curse, becuase its so rote, so some basic acspects of speech are still in the right hemi, but that doesnt mean he has languag ecapcity there, in comprehension and producing meaningful speech. 
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The posterior part of the inferiorfrontal gyrus is brocas area. WHen you go posterior to parietal we have super marginal gyrus, and angulus gyrus. Heschels gyrus is on the ventral bank of the sylvian fissure. Wernicke described lesions of the posterior part would cause receptive problem, he was thinking of language through the auditory mode.  But of course we now know th elanguage areas in posterior part of the brain is very extensive including not only superior tmeporal gyrus but also middle and super and angular gyri. They all do something special. 
Traditional thinking was that there were fibers arching the acruate fasiculus, linking the posterior language zone, specifically wernickes area to the anterior part of brocas area. THis is still the dominant notion. 
People then argued perhaps lesions somewhere around the supermarginal gyrus, if they cut the axons of the arcuate fasiculus, esentially these lesions owuld seperate the posterior language zone from teh anterior. They speculated tat there might be such a problem where by spontaneous production of language in thinking would be okay, comprehensional language would be fine, but somehow communication between the two would be difficult. Such lesions could create another type of aphasia, called conduction aphasia. 
There are such patients, 10% are conduction aphasics, and the lesions are somehwere in the super marginal gyrus. 
the classic notion of conduction aphasia is that it is aphasia characterized through a difficulty in repetition of sentences. We know the pateint understood what we said becuase if we ask a multiple choice question they are able to say yes and no and answer correctly. Also a patient sponteaneously can talk an da little later he may say a similar sentence he was supposed to repeat but he cant repeat. The classical explanation is that when i say the president lives in teh white house, the info is analysed and linked with linguistic meaning around superir temporal gyrus, but if you have to repeat it it must get to brocas area in the left posterior inferior frontal gyrus and since there is damage in the fusiculate gyrus the patient cant do it. 
BUt according to th is interpretation why does the patient a little later spontaneously say something he was supposed to repreat. TH eexplanation is the damage is in one hemi, in one pathway, other areas send info to some extent and therefore brocas area can get input from other cortical areas, not only from wrnickes area via the arcuate fasiculus. THerefore when the patient tries to speak his or her own thoughts and if th epatien thimself or herself has the htought of saying Obama lives in the white house, then you dont need the arcuate fasiculus, because there are many other pathways that go to boracs, but repreating precisecely what you just heard than its more problemeatic and thhe defecit is more an dmore severe as the sentence becomes more and more arbitrary and absurd. 
IF asked to repeat the sentence "no and ifs or buts, please," the aphasic fails to repreat this arbitrary stenence, although this patient can speak. THe reason is that when we have this arbitrary sentence heard by the heschels gyrus and interpreted in posterior wernickes area, a short term memroy of htis is held there and then we need to talk to brocas area to reproduce and repeat this sentence. 
SO if th esentenc emkaes sense he might repeat a variation of it. 
CLassic language or neuro linguistic textbooks always tlak of the arcuate fasiculus, we know brocas area receive input via other pathways, including the whole superior tmeporal and middle tmeporal gyrus, the whole lateral part of th etemporal lobe connect to brocas area bia a special pathway running through the extreme capsule. 
Also we know the inferior pariteal lobule connects to broacs area through the superior longitudinal fasiculus. 
So wernicke doesnt just talk to broca though the arcuate fasiculus, therefore if expressing your own thoughts you can still communicate it. The classic theory says the arcuate fasiculus but its probably both together. 
We know they have a problem because they maek a few error called paraphasic errors, the patient may want to say spoon bu tthey say fork, or spoon and they say spoot. SO they make what linguists call phonemic paraphasiacs, substituting one sound for another or verbal paraphasiacs like fork for spoon. 
Also although speech is lfuent, they hesistate and you can tell something is wrong but its not broca or wernicke and then you test them more carefully. 
THere is a variant of this interepretation that mayb ein the posterior areas of the brain including the SM gyrus we may be harboring verbal representations of verbal short term memory. SO if one is given a phone numbe rand we hold the number in mind and then repeat it back, the idea is that these patient might in fact be having a verbal shor tterm memory problem and therefore the longer and more aribtrary a sentence becomes, the more it relies on short term memory and hten reproduce it. So conduction aphasia is a short term verbal memory defecit. HM did not have such a problem, his problem was converting teh shor tterm into long term memory. The classic example is Brenda Milner and she gave this example, once she gave him a number to remember and then went to get a coffeee and asked what was the number and he remember it. SO HM had kept rehearsing the number in his working memory and remembered it. after distracted he could not remember the number. SO all the circuitry in HM were perfectly in tact so therefore not only could he receive info and comprehend that info, he can also maintain for shor tperiods of time the infomation and repeat it at will. IF ihis attnetion shifts to processing other types of information now, in a normal human what happened before is maintained, in HM it is not. Where does that info go after the cortex if it is to be maintained? In HM it has been wiped out, so we know it goes to the entorhinal cortex, where it willb e processed and then it goes to the hippocampus where it will be processed and then it goes to the ammilary bodies etc, the sbcortical structures. SO while mindm moves on the hippocampus works on the information, and th eenterhinal and perirhinal first have to do some work before giving it to the Hippo.  
There is another language problem which is the exact opposite of HM, its rare but it happens. In Gershwins, a great linguist and neurologist, article, he tlks about a girl whot ried to committ suciide but did a lot of damage to her brain, she lost the capacity to speak, to understand what was said to her, but she could repeat perfectly well what you told her. SO if you said how are you today, she would say how ar eyou today but she would understand nothing. WHen she died Gershiwn and associates sectioned the brain and stained it, and found that there was a lot of damage all over but somehow the perisylvian region the region around teh sylvian sulcus was spared, brocas, wernickes and the arcuate fasiclus were in tact, so the mechanisms for miantiang information was intact but she seemed not to be able to understand anything said to her and never spotneaneously said anything. THis reminds us that although we now know starting from teh begining of neuropsyc that there are critical areas for language in the left hemi, nevertheless we must no thtink that if we understand language, its not so simple, broca and wernicke are critical areas but for me to understand you have to link what you have heard with what you know, and everything you know is everywehre in teh brain. SO if we heard the president lives in the white house, if your not going to be a parrot you must understand the structure, who is the subject, which is the verb and white house. YOu hav eto link it to your knowledge. You must know who wthe president is, assumes you know what govenrment is. AN dyou realize its not jus ta smal white house but a psecial name for official residence o fhead and state of the US. 
So these language areas are specialised fro taking different inputs and linking it to gramatical structure that defines the sentence and also linking it to other information stored in many parts of the cotex so as to be able to comprehend, and if you have lto sof damage surroundign the areas you might be able to take the sentence in repeat ibut not understand it. 
The nurses notices she would sing alogn on the radio, and if turned of fthe radio, she coul continue singing the rest of the song, which she couldnt have known before hand, which shows that she must have had some access to enterhinal and perirhinal crtex goign to hippo, and able to store some of the lyrics that she was repeating. So she has implicit understanding of the grammar. 
So wernickes areas parse out syntax but not meaning. WHen people started doing functional neuro imaging, when in scanar and performing task, wel ookat changes in blood flow in specific part fo the brain, so if Petrides was to jsut shake hand you would see icnrease in activity in the hand area of the left motor cortex. for right hand. Therefore we are able to see changes in activity when epeople perform different cognitive tasks. IF we listen to abstract words like democracy, society and fairness, you see increases in the wernickes area but now you present another list of words like hammer, fork, spoon, and now you see activity in wernickes area but also in the motor cortex, so we see that even jus tlistiening to words which convey action without having to do anything, just simply listening to words whose understanding contains the actions, increases activity in motor areas. So if you have a lesion in hand area you definitly wont have aphasia but it shows that the conclsion of our patient that when we listen to words, it goes into heschels gyrus and understood as english word, noun, but if we are going to understand it than all knives have a commonality of shape and that means tther eis a visual component ot eh word knife, and some visual rerpesentation will arise, but knife is also th ename of an object which is used to perform certain actions like cutting. and so knife also activates epresentations of action in the motor areas. Different words carry different things. SO where is the knowledge fo the word kinfe located, 10 years ago many lunguists would say wernickes area bu tnow we know its not. the phonolongical linguistic entity called knife is probably in wernickes area and its auditory featurs but of course the concept and what it means is its spread out. SO where is th eknowledge of fork and kinfe and geography, its disperesed throughout everywehre in teh cortex. Wernickes area is critical for triggering those representations. How are the rerpesentations tied together. In 1949 Hebb wrote the orgnaization of behaviro which was the firs tatempt to understand psychological cognition in terms of brain processing. Hebb speculated and talked about the idea of a cell assembly saying when we learn something, whena child learns what a knife is, there are probably some nueron sin the brain that represent the different aspect of the knife, when they are activated together, they are tied toegehte rand form aa cell aseembly, so if in the future a certain proportion of them if activated will be reactivated. At this point they still didnt realize that it worked through chemical neuro transmitters. SO at that time Hebb speculated Hebb synapses. Interestingly we see that whne child learns knif eit means nothing, at first it sa asound, and has some visual features, and soem tanaka like neurons will represent the visual features and of cours eknif eimplies a certain action and its not just motor cortex but aso superior and ifnerior parietal lobule, controlling action of writing and throwing and many other things, the point is that when one neuron is activated it triggers a wide cell assembly from multiple areas of the brain, but when we have an abstract concept like fairness, its not goign to trigger the motor and superior partietal becuase fairness doesn thave action. Therefore, we have learned after 150 years of research in the left hemi around the sylivan suclus there are several peri-sylvian areas that are important for expression of language. These areas work togethe rwith the rest of the brain, because language is aprt of thinking and knowledge,a dn throuugh languag ethat we comprehend the thoughts. 
Prof met first broca patient, and he had huge amount of damage, as a result of damage to middle cerebrla artery. THere is a difference between clinical syndrome of brocas aphasia and what causes it. ALthough no one denies there is something called brocas aphasia, no one could agree where the lesion was. 
The More articl eis nto student friendly but it simportant, we only have to read th elast few pages, because he make san important point, he says that brocas aphasia, the full blown sympotm that we call brocas aphasia is not ther esult of dmage to one area of the brain but several, becuase th emiddle cerebral artery has an anterior branch and will destory brocas areas, the pars oeprculari sand triangularis, but it will also destroy the face part of motor cortex, and the insula inside and its a huge lesion destroying several anteiror areas of the brain. So if ther eis a lesion more or less restricted to borcas area youw ill have intiially what seems to be like brocas aphasia but soon teh aptient will recover, and there will be a difficulty in speech bu tit wont be the stirking impairment characerised as brocas area. Especailly the grmatical problem will not be there. Not everyone agrees, surgeons still do not remove it, but raises againt eh point that restricted lesion cause component sof observed problems but not full blown amensia or aphasia. Many of these syndromes are the result of large dmamge to several areas in the anteiror region but the specific contribution of differne tcoponenets remains to be worke dout and therefore lesions to specific components of larger region cause much milder impairments. 
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So far we have learned that there are specialized areas for receiving somatosensory visual and auditory information. Somat is on the post centrla gyrus, visual is on the calcarine sulcus, and audiotory information on the lower bank of the syvlian fissur eon heschels gyrus. Starting from these first cortical areas but not first brain areas because they start at thalamus. Then starting from first cortical areas there is a cascade of info processing steps. As a reuslt we reach the experience and perception of our world. We have learned that all the analysis happens in the posterior areas and also in th ehuman brain around the sylvian fissure, sepcifically the peri sylvian fissure area there are specialized area for production of language. 
And also to maintain the information we need interaction between cortical analysis and the medial temporal areas along the parahippocampla peri rhinal and rhinal regions is neccesary. 
Now we are turning ou attnetion to the frontal lobe. 
We all know that on the precentral gyrus we have th emtor cortex, and stimulation furthe rup legs handas and arms and further down face. We have leanred that in these agranular motor areas found on precentral gyrus there are several differnet representations of the motor system, so same theme that have discovered with posteiror parts of the brian like many visual auditory areas there are also many motor areas. 
mictrostimulation shows that along the central sulcus we have area 4 which is agranular cortex with large cells known as betz cells. Then in front of it on the precentral gryus also ther eare other representations of the motor cortex, there are many premotor cortical fields. We treat area 4 as the priamry motor cortex. There are then at least 4 additional areas. the dorsal caudal and dorsal rostral and ventral rostral and ventral caudal premotor areas. On the medial surface of the brain ther eis another area referred to as the supplementary motor areas. All these motor fields are in agranula cortex. In front of the precentral gyrus there is a very large parte of the brain that again layer 4 reappears but one characteristic of all of them is they all are granular so they are referrred ot as the frontal granular cortex, to diffrentiate from motr areas. the motor areas are the frontal agranular areas.
Sometimes the frontal granular cortex is also referred to as the prefrontal cortex. As we can see there are many differnet prefrontal cortical areas. 
Area 44 is disgranular area 44 meaning layer 4 begins to appear, there is a layer 4 but it snot fully developed, anterior to 44 is 45 then 47 and both thos eare granular. There ar many other areas in the pFC. THis part of the brain is puzzling. Essentially if you lose your PFC on the surface of it you dont seem to lose much, superficially in the sense that if th elanguage areas and motor cotex is not damaged but everything else is bad you can stil talk understand and learn and remember and wont have apraxia or agnosia or alexia or agraphia, but if your a succesful executive of a big company your company goes bankrupt. There are parts of the brain that have to do with decision making, planning ahead and makin gthese kinds of ddecisions. So patients with PFC cannot identify easily obvious problems but their capacity to organize their life to plan ad adopt to change sin the enviornment is severley effected. 
These kinds of problems are sometimes in neuropsyc litt called executive problems. They are very difficult to define. In fact vritually any way of verbalizing it is alway snot quite right. One test brenda milner used in 60s and shows some problems, the wisconsin card sorting task. The patient is faced with a number of cards, that have one red traingle, two stars, three addition signs and 4 blue circles and then teh apteinet is given a stack of cards and he or she is getting feedback from teh experimenter and the pateint must take one of these cards and place it under one of the other cards. Of course the patient could place it under the same shape, or color, or numberor the one thats totally differentand without telling the aptient hte experimenter has the criteria of color to start with so if patient puts it undernear the right color the experimenter says correct. Essentially after hte patient have plaeyd a few cards they realize its essentially correct every time you match a color with color. If however, patient puts it under the same number the experimenter says wrong. Patients with frontal lesions can learn that, HM can also learn that, that color is a correct dimension. Once the patient has made 10 consecutive correct responses the experimenter changes the criteria and now the patient plays a card according t color and the experimenter says wrong, and first reaction of all patients is to think you were absent minded and then they paly afwe more cards according to color and you keep saying worng and most people soon realise you changed criteria and color is no longer relavent criteria and now its shape. 
Hm does this very well, and when discovers color he keeps thinking color, and when you change it and he tries color and you say wrong and eh tries something else and discovers teh shape and he has forgotten that before he was playin gcolor and he has no diea was he used to srt for and does it very well. 
Patients with frontal elsions, after discover the first criteria correctly, when the feedback changes they get stuck on the old way of repsonding and cannot shfit or change gear in their mind. So the patients get stuck and in exterme cases, you may go throug hthe entire deck of cards without being able to shfit, more likely they will be able to shift afte many wrongs but now when you change feedback again itt takes a long time each time. 
THis is more severe from dorsolateral left hemisphere damage. 
After damage to frontal cortex, although memory and perception are not effected, there is an inflexibility of thought. Usually we see this problem from lateral frontal lesions, and often in dorsal part of lateral region. 
ANother problem patients with frontal lesions have is that their lack of flexibility of fluency can be seen in other form sof behavior. FOr example if you ask them to generate as many words as you can think of coming from a certain category, like starting with the letter S, or wild animals and you find patients with frontal elsios  esepecially left frontal elsions gneerate a few and then get stuck whereas for example pateints with tempora lobe lesions and people without braind damage cna gneenrate many more. 
Its not that they do not know the words, becuase if you tes thtem afterwards they know what all the wild animals are, nor is there a lanaguage problem tis just when giving insturctions to gneerate from a large category then these patients have severe problems. 
We can also see this problem if we make them to make as many different squigles as you can, and they produce a few and stop. OR they produce many but very similar. So in nonverbal mode there is a problem with design fluency. Psychologists often divide intelligence into two types, fluid and non fluid intelligence, These are old terms. by fluid and non fluid or ocnvergent or divergent htinking (synonyms) basically what we are saying is there are things in life for which their is a specific solution, 2+3=5, this is convergent and patients with PFC do well on standard intelligence tests, testing covnergent, but they have problems on divergent tests where you need to be creative and need to come up with creative solutions. 
One striking thing about patients iwth frontal lesions, first discovered in monkeys there was a psyc student caleld jacobsen adn remvoed pfc in monkeys and tested them on various tasks, and there was one test called the delayed repsonse test and these monkey shad a severe problem on it. 
So the monkey watches you there are two holes you cover the peanut and there is a delay and you open screan and allow monkey to choose, a normal monkey remembers he saw you put the peanut under oen and uncovers that one and gets the reward. On the next trial you do it again in full view of th emonkey and allow the monkey to make the choice. Monkeys with lateral frontal lesions cannot do this task. 
Although, this task was demonstrated in teh 30's even to today its hard to understand what exactly we are seeing. Is it a memory problem? IT certaintly looks lik ethat, but things are nto that simple. In the 70s it became possible to start recording in animals including in monkeys of single neuron activity in alert behaving animals. The tanaka article is an example of that. They found when recorded on delaye dresponse task, that cells appeared to respond specifically if the monkey saw you put the reward on the right side, and then the cells start firing and interstingly during the delay the cell coninues to fire. and then the choice is given and cells stops firing and monkey makes response. So thes neuorns were intially thought of as an example of shrot term memory trace, maintianing during the delay the activity and saying right right right right. and when monkey makes a chocie th eanimal chose the correct stimulus and they generated a lot fo excitement and everyone including Goldman Rakish, who di d a lot of research on this and argue don PFC in different areas there are ways in whcih the brain can maintain info like when we pay attention and then goes out of our attention, so this is wehre the notion that the PFC is important for working memory came from. 
the idea is that if we are given numbers, and for a long time we believed, there was verbal short term memory which allowed us to remember a number until you use it and then you finish and can discard it. 
The idea was there is shrot term memory and long term memory which is if dialed a numbe rmany time sand we learn it. 
THe idea was through practice the short term goes to the long term and somehow parahippo, hippo and rhinal were involved in this, thats why HM fails.
In 80s though thte concept of shrot term meory was expanded. ITs very easy to say short term memory if we stay with very few simple alboratory tasks like giving you numbers. 
OFten though, we keep information in our short term memories in bizarre and strange ways and we are maintianing that information to understand things, to solve problem and do all sorts of things. 
SO dudes started makign distinction between short term memory and information that is kept for a shrot period time while you are manipulating and using it to solve an arithmetic problem or task. They started talking about working memory. The diea was to go away from shrot term to a mroe dyanmic usuage of information, while brain holds some info to understand and process furthe rinformation and solve various types of problems. ANother question becomes do patients have problems in shrot term memory from PFC lateral frontal lesions. 
Recordings in monkeys seemed to code right or left and continued repsonse during delay and scientific world started talking loosely about PFC and working memory. If you just say its a short term memory problem, though it doesnt apply to PFC patients, becuase patient after patient on many short temr meory tasks they do fine, if you give them numbers they can reapet them and use it and dont differe from normal. 
THis then raises the point that it cant be correct that they ahve a problem of workign memory. So in other words to say patients with pfc lesion ahve problems iwth working memeory is not satisfactory. They dont have trouble with numbers, or a small sequence of words. The problem fo patients with hippo problems is defined, the question is how future scientists describe better and how differnet components work. When it comes ot the PFC we can say that they have problems but its not really memory, or any other specific problem, its a bit of everything but none of these. So we come back to the vague word, exeucitve problems, whcih isnt satisfactory becuase it jsut means genreal problems in decision mkaing, so the challenge therefore is to discover new ways of conceptualizing what this part of the brain is doing. Clearly it has to do with decision making, and change flexibily and so on. 
In the last 20-30 yeras research has begun new ways of conceptualising. First there is no such thing as the PFC. there are many different ares. we dont ahve one problem to define the function of the PFC, because its 30 %of cortex and instead we have to define all these differnet cortical areas, whcih have different connectivitiy patterns. 
Area 8 talks to the parietal cortex a lot and soem visual spatial areas. Area 46 does not. Area 45 talks to auditory areas, but area 47 does not, the point is that what comes in and what come sout of all these areas is like day and night so clearly they talk to different areas of the brain and do different things so our problem as a scientist is to define and say soemthing about idffernet ares. We need some terms. The lateral surface of the frontal lobe is important becuase its improtant to seperate the lateral frontal cortex from the orbital frontal cortex, which is the base against our eyes, and its a totally different area that the lateral frontal cortex doing different htings. the orbital fontral cortex appears to be important fo rht econtrol of emotonal and motivation states. 
An example is if your really scared the natural response of any animal including human animals in such a situation is to run but we dont, we stay and we fight, for a cause or country so we have seen the brain control teh brain. Who is saying run run away, the amygdala probably your hypothalamus your limbic system, yet you stay. So in the orbito frontal cortex which is on teh base of the PFC esentailly going lateral to medial, its connected closely to the limbic system and hypothalamus and its your volition deciding based on moral values, your ehtical values what we hav elearned, beliefs whatever it is which overcomes and controls the limbic system. That kind of control and regualtion of the emotional states by another elvel of the brain is exericsed primarily by the orbital forntal cortex. THerefore we must dintinguish between orbital and lateral frontal cortex. 
Some people will run some will fight dpeending on individual differences. 
Biologically thinking altruistic behaviro in favor of saving the other and killing yourself doesnt make any sense formt eh selfish gene point of view but nevertheless based on moral vlaues many of us engage in behavior putting our own life in danger. So these things are controlled by orbiral frontal cortex. Therefore we need a language more specific than the prefrontal cortex. so we distinguish beteen orbital frotnal cortex, which is made of many smaller areas and lateral frontal cortex and the medial cortex. 
SO we can talk about the lateral frontal cortex and divide it into a dorsolateral adn a ventro lateral part. The inferior forntal suclus is the divsion between the dorsal laterala and ventro lateral prefrontal cortex. We know that dmage in the posterior part of the dorsolateral and anterior parts give you different problems. SO we have to make a dsinction between posterior dorsolateral and ventrolateral. So Mike suggested that we shoudl talk of a mid dorsolateral region, mid because anteriorally we hav area 10 and its a really large area, so we must dintguish between differnet parts of the dorsolateral frotnal cortex. 
SO we can talk of posterior lateral prefrontal cortex including area 8 and also an anterior part of area 6 and then we cna talk of a mid dorsolateral area including areas 46 and the related area 9. THis is the middle section and then there is of course the dorsolateral frontal cortex at the front which is area 10 and we call it the frontal polar cortex. Then if we go to the ventrolateral frotnal cortex. we realize that there are several areas. We have area 44 the disgranular area tha in the left hemi seems to be brocas area, ten there is area 45 in teh aprs traingualris which again in left iseems to have a role in language. So we also have 47/12. and we can talk of a mid ventrolateral region to seperate it from posterior parts like oral facial part in area 6 and 44 and from most anterior part of area 10. So we sometimes refer to area 45-47 and 12 as the mid ventro lateral prefrontal cortex, to seperate it from teh most anterior parts like area 10 as the forntal polar cortex and the posterior parts. So when we put together the mid ventro lateral we are not implying they do the same thing but are implying that they are related areas and may do something that is slightly different but fundamental operation is similar. 
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SUperior precentral and inferior precentral sulcus. Area 4 the primary motor cortex is between the precentral and central, area 6 the premotor is just in front of it. And then there area  variety of other boradmann areas. In 1909 Broadmann established one of the first architectonic maps of the cortex and used these unmbers to refer to the differnet areas. Eventually one fine day we should no enough about specific function of all the areas, but were not there yet. Now we can divide the cortex into broad categories, one of which we will refer to as the mid dorsolateral prefrontal cortex. THe part that lies anteiror to the precentural gyrus. THe mid ventro laterla pFC covers areas 44 and 45. Brocas area is 44 and the posterior part of 45. Brocas area is a disgrnualar region, a transition between agranular and fully granular rest of 45 and 47. 
One striking thing about patients iwth pre frontal lesions, is in every day life they ahv eproblems organizing and planning everyday life, nevertheless on standard iq tests they do extremely well. These problems are hard to measure experimentally becuase on standard memory or language or perception test they do very well. Then we said one early test to capture the lack of flexibility after large pf lesions is the wisconsin card sort task. ANother major issue that came up, inspired by animal work, was a result of studies by jacobsen, in which monkeys with removal of lateral pfc were not able to perform the jacobson delayed reward task. On the face of it, it looks like a simple memory task but again even in the monkey the story is not so simple because we find that on other spatial memory tests they do well. SO what is this problem? Later in 70s people discovered a calss of neurons in the pfc that when th emonkey saw the rewrad placed and the neuron would respond until th emomen to fht echoice and therefore it looked as if their was brain activity in the pfc maintaing info during that delay. However, on the face of it this seemed like simple spatial memory tasks, that interpretation remained conroversial because both in monkeys and patients, with frontal lesions, they could perform well on many other memory tests. In MNI they did a lot of research on this issue, which helped clarify the relative contribution of dorsolateral and ventral part of pfc. 
THey designed a task which seems simple, its a set of abstract designs on cards, and all the cards have same designs but layout shifts. You tell the participant to touch the sign he wants, and then select a different design, and then another and select a different design, until selected all 6. THe patients with these frontal lesions do not hav ea problem rmemebering these designs. If afterwards we ask them to show which pages of cards they have seen before, the patients do very well. HM would not remember these, unilateral lesiosn on the right temporal area would cause problems for those patients, but these pfc patients make mistakes in turning over the pages and picking cards. SO they reache dthe conclusion that one major problem is in a specific cognitive process witin working memory. Its not working memory persay but rather a specific problem in their capacity to track in thier minds eye, thier own selections, or to track where the expected events have or hav enot happened. 
In other words were not saying these a memory problem, long or short, but a problem in keeping a record in ones own mind of things that you want to do and keepign a record of things that have already been performed adn things that need to be performed. SO tis a subtle problem, its not just a working memory problem. 
IF you wake up and you have in your mind 5 or 6 things you want to do in the morning. THis part of the brain enables you to maintain and keep information in you rminds eye, the 5 or 6 things you want to achieve, then make a selection out of it and put a mental tick next to the selection, where the brain activity will code the fact that, that task items 2 and 3 have been performed but we stil must do other things. IF we lose that capacity to the ordinary person you will look very disorganized, bc obviously its a critical control process in teh brain. The problem is not just in mkain gyour own selections.
For example if we say that you expect a certain amount of things to happen, includinga  phone callf rom 5 firends that afternoon, bc organizing an excursion, as the friends call you this part of the brain is critical for tracking whichc expected events ahve or have not hapepned. The critical area for that part of the brain is the mid dorsolateral prefrontal cortex. 
We can also do an fMRI study to confiirm. IF we ask subjects in the scanner to select one design, and th emoment they touch it the designs disappear and a new arrangement appears and make a different selection and keep selecting and tracking then you will see activity in th emiddorsolateral prefrontal cortex. 
This is based on comparing activity on one task and another. In functioning neuroimaging we need to remember that in any task the whole brain is active, but its through comparing the activity we want with a different state. Normal subjects make selections from 4 or5 or 6 stimuli, and when you do this vision is activated, parietal areas activated, motor areas, sensory and so on. So how do we get at specific differences, so we have experimental task, and a control task. In contorl task it might be same designs but now we ask teh subject to always choose the same design. we want a very similar control task that invovles monitoring process but differ in the monitoring requirement. If activity in visual aeas is the same when we look at designs and make selections in both conditions then when we compare activity we will see nothing in this area. 
Every part of the frontal lobe is active, the only differece is the activity of the rest is the same as in the control. He thinks this is very important to understand. 
Ventrolateral areas, 45 and 47, the posterior of area 45 might be part of brocas area but nwo were talking about otehr parts. One thing we have explored ws the possibility that the ventrolaterla parts were critical for a specifi type of memory retrieval, pateints with ventrolateral lesions will nto become amensiac, not like medial temporal lobe lesions. There are situations though in which retreived independantly. This part of the brain is important for you to retrieve the specific information that you need. 
SUppose you see a face for the first time, there will be activity from v1 to teh inferior tmeporal lobe areas, and we will have perceived the areas, and linked to aname and location. All that info goes to tperihinal cortex and hthal and amygdala so we create representations in the hippo, if we see PEtrides we dont need frontal cortex to retrieve that informations, it can be retrieved in two ways, we see Petrides again and recognize as familiar which means some changes have happened in teh cortex and therefore i look familiar and the stimulus MP triggers naem and plcace and otehr info. 
SUppose now we have four friends, a,b,c and d and they study together and everyday after class they meet at coffee shop to study but not all of you will be there all the time On monday A and C were in one shop and it moves around like that. Now either becuase you yourslef try to remember whether jim or jack was with you in the particular place and time and whether B,C or A was with you, now we can imagine the info, so we can divide memory retrieval into two general categories, situation whereby memory retrieval is triggered by external stimuli, like a topic on tv reminding me of other things. The stimulus triggers other related infromation, prob most memory is of that type. 
There are also other situations in which the minds eye influences are buried in multiple traces and they are intertwined in complex ways. In this case retriveal cannot jus be automatic, you cant just see jim and think of second cup and jane, becuase on monday jim was in SC with jane but on tuesday jim was with john adn on wed with jane but in starbucks and onward.
So memory retrieval is on a gradient starting from one extreme where there is one event Petrides always teach in in this room To another exterme where MP is one of four teachers teaching and MNI is one of four buildigns that we assign where we teach. Then if we try to remember whether last monday where and who was the calss, it becomes a problem. We retrieve it by going back to mmeory and we must zoom in, meaning some part of the brain has to come in and inhibit and throw in osme negative NT into the circuitry that is relevant to pop up. There is evidence that the midventrolateral part of the brain is critical in trerieving this type of info. This is partly the result of a phd student and we will describe one experiment. 
IF we want to do an experiment studying the right hemi so we will use non verbal information like faces of people. How can we be sure people dont verablize info? what if use obvious superficial verbal labels. One way is to make sure we use four female faces that you cover everythinga, and about the same age, so that people cant use superficial descriptions. Although spatial processing happens predominatly in right and faces happen in the right if you a bad experimenter and allow your experiment to be recoded verbally then you think your in the right hemi but you probaly did both or just left. xxxxxxxx
The subjec then saw each one of four faces in four locations that were hard to verbalize, they were in corges.
These trials would see any one of these four face in any location randomly and equally. SO in scanner we try to simulate real life. The computer chooses randomly which professor will teach when and in what room. Now we try to create a situation where traces in memory are randomly and equprorbably stronger.
So we need more midventrolaterla pfc the more overlap there is. 
SO if we saw one of the four faces we know well randomly in one location there is a delay and then a color cube instructing you to rememeber ac ertain type of observation. When you see blue cube remember what lcoation i just saw someone. Now we dont ahve to go back to our memory and isolate just oen specifi memory. There is a test at the end wehre we see the face and snweser yest or no. Which face did you see. We ahve seen tSo we mad ean expderiment that is somewhere clsoe to four professors in MNI, so memory traces exist in brain but embedde din multiple layers.. Comparing retrieval we see a specific increase in right hemi in ventrolateral prferontal areas, around horizantel sulcus, in the right hemi. 
When we see green cube its recognition, at the end everything is the same but the differnece is during retrieval period you are given insturction where ask on tusday who was in the second cup. SO we go into memory to pull out what we saw as opposed to just recognizing. 
According to Nataly when the cube is blue you remember location, when its yellow you say which is familiar so its recognizing, she doesnt hav ea green but ventro lateral important in blue.
So the idea is if we now ask the questin does the frotnal cortex play role in memory is, it depends, in the frontal lobe its always like this. So it depends what type of retrieval we are searching for, itf its soem event that was stored and exists in mind strongly isolated either beucase that stimulus always occurs in that context, for example jon is awalys with jim at second cup thi sis simple retreival and we dont need the pfc to recall tha kind of info but as the experiences become increasingly embedded in multiple choice of relationships, now its not just imply The mid ventral has strong connections with other areas in teh braina nd presumably it is able to go back into memory traces, either through volition or motivation. 
When we look at hippo and say what does th eleft hippo do, it does the same as the rigth excpet process different info. WHen we come to the frontal lobe it gets difficult to diffrentiate like this, the left frontal lobe is osmewhat mor eimportnat for retreival of verbal but its often not clear cut and again this probably reflect sthe fac that its nto as simple as leraning or remembering but were studying control processes, ways in which th emind controls the mind. 
Back to the mri is your asked to look at cross and see face very briefly and a little glance is enough, there is a delay and a cue, adn then you go back into the memory and say what was the face that she showed me, and you have seen those four faces so many times in those four locations and theree is nothing preferential so must concentrate and zoome on specific stimulus, after you ahve done that either the right face or wrong face apepars, that the visual non spatial exame, 
There is also an anterior posterior differnece in frontal cortex. If you have dmage restricted o posterior part of dorsolateral preforntal cortex you ahve compeltely different problems. Imagine if MP said he would show us six hand gestures and we copy them and their trivial, and he shows them to us again so we after a couple fo times all patients can do them, even if lesions in teh area in front of motor cortex. Then if take 6 different colors, THen you name the colors and ask him to learn which movement you have to perform when you see one stimuli, so he shows green and he tries 6 movements and gets feedback. SO in other words we have 6 hand motions and cues and we must select one of the ix movements, when we have one of the 6 cues of colors. Similar to what goes on at traffic laws. THe striking thing is it takes 5 minutes to teacha person this task but if you have a lesion in the remotor cortx, with no memory or languag eproblem and you go on with this task for two hours and he still has not learned it. On the surface the problem looks like a learning problem, but that explanation is not correct becuase these patietns have done a long list of other learning task snad hav eno problem learning a list of words and so on. SO what is the problem. The problem is when you come to traffic light, you enter a mental set, there are three possibliities, drive thru or stop or be in inbetween, These three responses are there in teh brian and compete but only on emust be sleecte dand others must be inhibited and color of the light tells us what we have to do. IF it sred we must be inhibited and so on. So here we have a situation where you have a set of repsonses that are potentially relevant to that situation adn the appropriate one must be triggered and the relevant ones have to be inhibtted. In other words you ahve to select between alternative competing reposnses the correct one. The critical area to do that is the part of the frontal cor anterior ot th emotor system. TH epoint is that if you hav ea lesion somewhere in the prefrontal cortex, some or all or a combination of executive proceses will break down. SO you could hav e agreat brain, and you look very smartbut you cant use your smarts to do well in life, becuase if making quick and fleximble appropriate decisions, you will fail. 
SO it s aproblem in organizing and following through with appropriate repsonses, but the exact problem changes what kind of problem, the bigger hte lesion the fewer high er order processes that remain. 
