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Before we start, let’s revise some important points that will help us to 

understand today’s lecture: 

-The cortex is composed from 6 layers. 

-Based on variations in the thickness, cell density, and other histological 

features of the six neocortical layers, differences in the function occur. For 

example, those regions of the cortex responsible for sensory perception 

have an expanded layer 4. In contrast, cortical areas that control output to 

skeletal muscles have a thickened layer 5. 

-Anatomically, the neocortex is subdivided into lobes (frontal, parietal, 

temporal, …), but from physiological point of view, it can be divided into 3 

types; primary, secondary and association cortex. 

-The primary sensory area detects a specific sensation (visual, 

auditory, or somatic), which is transmitted from the peripheral 

sensory organ, and then it will send the information to the secondary 

sensory area (unimodal sensation) which makes sense out of the 

received information (analyses the meaning of sensation). 

-After that, the information will not stay in the primary and secondary 

cortices, but they will be sent to an area, called association sensory 

area (multimodal sensation), because it receives, and analyses signals 

simultaneously from multiple regions of both the motor and sensory 

cortices, as well as from subcortical structures. The flavour sensation 

is the best example on the association cortices, as it involves many 

sensations such as: taste and olfaction sensations, which are being 

processed in the association cortex to give us the compound sensation 

of flavour. 

-Agnosia is the inability to interpret sensations and hence to recognize 

things, typically as a result of secondary cortical damage. 

- Each hemisphere is somewhat specialized in the types of mental 

activities it carries out best. The left cerebral hemisphere(thinking) excels 

in logical, analytical, sequential, and verbal tasks, such as math, language 

forms, and philosophy. In contrast, the right cerebral 

hemisphere(emotions) excels in nonlanguage skills, especially spatial 

perception and artistic and musical talents. 
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Now let’s start our discussion: 

-In the last lecture we talked about the lateralization of the cortex which 

means that the right and left cortices (starting from the secondary cortex 

and distally in the pathway) differ from each other in their type of 

processing and storied memories despite having the same regions. 

-Right and left cortices also differ anatomically. For example, we have 

two secondary visual cortices (left and right), but one of them will be 

more active than the other and more prominent (has more 

prominent sulci and gyri because it processes and stores more 

information).  

-For example, when we hear a certain sound, it will reach the 

auditory cortices bilaterally, and depending on the type of the heard 

sound (is it emotional-like music- OR logical-such as sequential 

sounds-?!), it will be more processed either in the right(emotional) or 

in the left(logical) secondary cortices. But if the sound is complex, it 

may be processed in both cortices to the same degree.  

-The same principle is applied on lesions; same lesion on the right 

side may result in worse effect than the left-sided lesion, and vice 

versa. For example, olfactory agnosia is more predictable with right-

sided secondary olfactory lesion than the left one, and this is because 

the olfaction is more emotional than being logical. The left-sided 

lesion may not result in a huge effect in olfaction. 

- Now let’s move on to study the association cortices: 

-The association cortex occupies most parts of the brain, and it receives 

the processed information of multiple sensations and creates for us a 

complete experience of our surroundings. Association cortical areas are 

critical to our ability to communicate with use of language, to use reason 

to extrapolate future events on the basis of present experience, to make 

complex and long-range plans, and to imagine and create things that have 

never existed. And it will do that; by comparing the received information, 

with an old experience. But, if you don’t have the same experience, it will 

approximate the information to the nearest experience you have. 

- Now let’s study some examples regarding the processing power of the 

association cortices: 
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 Language association area (which is concerned with language 

comprehension) receives input from the visual cortex in the occipital 

lobe, a pathway important in reading comprehension and in 

describing objects seen, and from the auditory cortex in the 

temporal lobe, a pathway essential for understanding spoken words. 

 

- Watch the following video and try to understand what she is 

saying, and then read the paragraph:  

http://doctor2016.jumedicine.com/wp-

content/uploads/sites/6/2019/01/FWS-The-McGurk-Effect-Part-

2.mp4 

 

If you heard a person saying “BAR”, and at the same time his lips 

movement indicates that he is saying “BAR”, the association 

cortex will analyse and understand it as” BAR”.  

Watch the following video and try to understand what she is 

saying, and then read the paragraph: 

http://doctor2016.jumedicine.com/wp-

content/uploads/sites/6/2019/01/FWS-The-McGurk-Effect-Part-

1.mp4 

 

But what happens if you heard a person saying “BAR”, but at the 

same time his lips movement indicates that he is saying “FAR”? 

Here the cortex receives a different sensations(choices), but it will 

choose “FAR”, Why? 

This association cortex is mainly dependent on vision rather than 

hearing; and this is because the secondary visual cortex is bigger 

and more reliable than the secondary auditory cortex, so it can do 

more processing and give a better information, so the brain will 

trust the vision and ignore the hearing sensation.  

PS: in all videos the girl is saying “BAR” so if you close your eyes 

and heard the second one, you’ll hear “BAR” instead of “FAR” 

which means that we experience life through our association 

cortex as I emphasised earlier. 

http://doctor2016.jumedicine.com/wp-content/uploads/sites/6/2019/01/FWS-The-McGurk-Effect-Part-2.mp4
http://doctor2016.jumedicine.com/wp-content/uploads/sites/6/2019/01/FWS-The-McGurk-Effect-Part-2.mp4
http://doctor2016.jumedicine.com/wp-content/uploads/sites/6/2019/01/FWS-The-McGurk-Effect-Part-2.mp4
http://doctor2016.jumedicine.com/wp-content/uploads/sites/6/2019/01/FWS-The-McGurk-Effect-Part-1.mp4
http://doctor2016.jumedicine.com/wp-content/uploads/sites/6/2019/01/FWS-The-McGurk-Effect-Part-1.mp4
http://doctor2016.jumedicine.com/wp-content/uploads/sites/6/2019/01/FWS-The-McGurk-Effect-Part-1.mp4
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 Also, the association cortex can use its stored information to analyse 

and understand a certain sensation, what does that mean? 

- The first example, look to the 

following figure then continue 

reading: 

       At first, you will see all the 

plates are flipped upside down, 

but once you notice the one that 

is right side up, your cortex starts 

to process this figure by changing the 3D view for all plates, then you 

will be able to see them all in right up side position. 

- Another example about how cortical processing may change the 

received sensation: 

       When you look to a shape that is shaded, you think logically that it 

will be darker than the same shape under brighter conditions, but 

unfortunately you will notice the opposite (see the left side of the 

figure, where both marked squares have the same colour) then read 

the description below: 

 

The idea here is that both pieces will activate the retinal 

photoreceptors in the same manner (because they have the same 

colour) and these photoreceptors are going to send impulses to the 

primary visual cortex, which in turn sends them toward the 

secondary visual cortex and it will interpret that both pieces have the 

same wavelength of (X) for example. Then the impulses will end in 

the association cortex which will compare between them and notice 

that they have the same colour but it also notice that one of them are 

in shade so it assumes that it has a lesser wavelength then the 

perceived one(X) so it show it brighter then what it really is 



6 | P a g e  
 

(regardless both pieces have activated the retina to the same 

degree).  

This happens because as I said that the association cortex takes 

shadow into account while comparing the shapes, it receives, 

processes, and adjusts the shapes. The net result is the association 

cortex will always process the shaded shape as brighter no matter 

what you do. 

You can find more details in Guyton text book, I wrote here what the doctor said. 

More details are discussed in this sheet regarding the association cortices after the visual 

processing section.  

Types of processing 

 We have two types of processing; 

1- The Continues one; the information will go from the primary to the 

secondary to the association cortices. 

2- And parallel one; the perceived information is split to form two (or 

more) signals(input)each one of them is processed different areas, 

and then they will go to the same association cortex. And the most 

important example of the parallel processing is the visual pathway 

in which we have two processing pathways; the “What pathway” 

in which the from the information will go to the primary cortex, 

and then to the secondary cortex which will process to identify the 

shape and colour of the objects. On the other hand, the “Where 

pathway” in which the information reaches the primary visual 

cortex, and then to another area of the secondary cortex which will 

process the inputs to identify the direction and kinetic of 

movement. 

Even within the what pathway, some information is processed on 

the right side of the cortex while the other is processed on the left 

side. 

- The primary visual cortex is located on the medial side of the occipital 

lobe, just around the calcarine sulcus. Above this area, the Where 

pathway takes place, while below it the What pathway is located. 

Damage to the ‘’What’’ visual pathway: 
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- We said that what pathway is located bilaterally below the primary 

visual cortex, and the damage manifestations depend on the part of 

the cortex that is affected (remember that any damage to the 

primary visual cortex will result in complete deafness) if the lesion 

locates: 

1- Medially on Lingual or fusiform gyri at 

occipitotemporal junction, and early in 

the color processing pathway (just below 

the primary cortex), the perception of 

colors will be lost, this is called 

Achromatopsia.  

- Achromatopsia is not the same as color 

blindness, in color blindness the number of shades a patient can see 

is reduced because of his inability to absorb a certain color, while in 

achromatopsia the patient cannot see colors at all because he 

cannot process them (reception is normal, cortex is damaged). 

* Since color is processed in both hemi-spheres, for a complete 

achromatopsia to happen there must be a bilateral damage the 

mentioned area. (unilateral damage result in contralateral hemi -

achromatopsia) 

2- In the left or bilateral occipitotemporal region, Inferior temporal, 

fusiform and right lingual (the doctor only mentioned the 

occipitotemporal) later in the color processing pathway, it will cause 

a condition known as (Color agnosia / Color anomia) they are not 

the same, but we will use them interchangeably. 

The patient here and depending on the severity of the lesion 

won’t be able to retrieve memory related to colors (he might 

paint a banana blue or the sky green) or cannot name colors or 

point to colors given their names, which is not due to aphasia or 

due to defective color perception. 

A less severe manifestation is Loss the memory about the 

composition characteristics of colors (such as when mixing red 

and yellow the result is orange, yellow and blue the result is 

green). 
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However, the patient will not lose his ability to sort colors (if 

you give them pills will different colors, they will be able to 

separate them). 

 

*The colors are understood in both hemispheres. After the initial 

processing in the primary and secondary cortex, if the color was 

more associated with emotions, art, etc.… it will be processed on 

the right side, while if it is more associated with logic it will be 

processed on the left side. 

3- In the most inferior part of the secondary visual cortex, the patient 

won’t be able to recognize objects, a condition known as visual 

agnosia which can be complete or partial agnosia. 

The most important lesion location where a specific category 

agnosia results from, is the inferior surface in the occipitotemporal 

gyri(in anatomy they are parahippocampal, medial, and lateral) (the 

doctor said that they are medial, middle, and lateral 😊) these 

areas are responsible for identification of specific objects (animals, 

shapes, furniture, etc.…) if a specific area was damaged, you will still 

be able to identify anything other than the specialty of that area (if 

the area responsible for the recognition of animals was damaged 

you will still be able to identify objects, but you will lose your ability 
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to identify animals for example)); 

 

- When middle of medial occipitotemporal cortex (as shown in the 

pic above which is responsible for faces recognition) is damaged, 

Prosopagnosia (also known as face blindness or facial agnosia) 

occurs. The patient will see everything, but he will not be able to 

recognize people from their faces. BUT is this loss unilateral or 

bilateral!? 

Actually, the recognition of faces is mainly right dominance; 

because the face is mainly related to emotion and art rather than 

analytics, but also the left hemisphere has a function in 

recognition of faces, so if there is a unilateral loss (mainly the 

right side), there will be a little compensation by the other side, 

and in order to have a full prosopagnosia we need bilateral lost in 

95% of cases.  

In a very rare cases (3-4) %, prosopagnosia is developed due to 

unilateral right-side lesions. 

While less than 1% of cases manifest prosopagnosia due to left 

side lesion because they have some flipped regions in their brain 

(Right to Left)-this happens in Left-handed people but it’s not a 

necessity- 

- Words and letters can also be identified by vision, a damage in the 

area of the visual cortex (damage to medial occipitotemporal gyrus 

in the dominant hemisphere) that is selective for words and letters 

will cause a type of visual agnosia called Alexia, the patient will not 

be able to read written language or identify words and letters. 

*language is logical process which has a left dominance, so 

Alexia happens mainly because of the damage on the left 

hemisphere where the language and words are stored. 
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An important note: Alexia is more common 

than prosopagnosia, as it only requires a 

unilateral lesion to manifest its symptoms. 

Let’s have a clinical example regarding the What pathway: 

The following MRI shows a 

lesion that affects the left 

hemisphere on the 

occipitotemporal region that 

extends to the medial side 

posteriorly (lingual and 

fusiform), you will expect the 

patient to have: 

1- Right Hemi-achromatopsia; 

because the lesion locates on the medial side posteriorly (lingual 

and fusiform, early in the pathway), and since it is only on the left 

side the patient will lose the ability to see colours on the right 

visual field. 

2- Since it affects the left occipitotemporal region, he will have 

specific categories agnosia, such as pure alexia. (notice that if the 

lesion was on the right side, he won’t have alexia)  

3- His primary visual cortex is intact, so he will be able to see the 

entire visual filed. 

Damage to the” Where” visual pathway: 

Damage to this area will cause a lot of lesion but the only one that is 

required is Akinetopsia in which the patient sees life as flashes (they 

can’t see the objects moving continuously they see the beginning and 

the end), Akinetopsia is characterised by:  

1- The inability to see moving objects (you still can see objects when 

they aren’t moving). 

2- People will appear suddenly when they stop, and the patient will 

continue to fill a cup even after it’s full. Or he says that the car was 

far away from me, and suddenly it ran over me. 
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3- Complete akinetopsia is caused by a bilateral lesion (above the 

primary visual cortex, (occipito-parieto-temporal junction), if the 

lesion was unilateral the clinical features will be less severe. 

 

Now let’s study the association cortices and their 

physiological function: 

Important association areas include (1) the parieto-occipitotemporal 

association area, (2) the prefrontal association area, and (3) the 

limbic association area (in this sheet we will discuss the prefrontal 

association area). 

 

The prefrontal association cortex is the front portion of the frontal 

lobe just anterior to the premotor cortex. This is the part of the brain 

that “brainstorms” or thinks. 

 

To understand the function of this area, watch the following short 

video ‘’selective attention test’’ and follow the instructions 

presented within the video: http://doctor2016.jumedicine.com/wp-

content/uploads/sites/6/2019/01/selective-attention-test.flv  

Why you didn’t see the gorilla from the first time? Because all your 

attention was on the white team players and this is the simplest way 

to demonstrate the function the prefrontal cortex. 

The prefrontal cortex (the most rostral part of the frontal lobe) is the 

highest center(master) in the brain and controls almost the whole 

brain, it works mainly by three principles: 

1. Planning: deciding what you want to do. For example, I want to 

concentrate on the video and count how many times white team 

players pass the ball. 

2. Inhibition: deciding what functions are less important and fade 

them away. For example, in the video I want to count the passes 

which are received as visual input, but I don’t need auditory input, 

so the prefrontal cortex will inhibit it temporarily. 

3. Selectivity: deciding which input to focus on and which to neglect. 

For example, selecting white colour to have extra processing and 

http://doctor2016.jumedicine.com/wp-content/uploads/sites/6/2019/01/selective-attention-test.flv
http://doctor2016.jumedicine.com/wp-content/uploads/sites/6/2019/01/selective-attention-test.flv
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neglect black colour, in order to count the number of passes 

accurately (and that’s why you didn’t see the gorilla). 

 

It’s possible that you noticed the gorilla during the video, here the 

prefrontal cortex needs to decide again, wither to pay attention to 

this new thing or not, then it decides to neglect it and continue 

counting (if it is not dangerous), but during that time of decision you 

may miss few passes. If someone noticed the gorilla and counted the 

number of passes accurately then they have good multitasking, or 

his cortex compensated for the missed passes by adding a predicted 

number of passes (that may occur during the spent time) to the to 

the counted number. 

 

Since the prefrontal cortex is the place of planning, selection, and 

decision making, it is what defines the personality. It also stores the 

consequences of our behaviours to be used again in the coming 

decisions. 

For example, the prefrontal cortex of an aggressive guy decides to 

punch someone who disturbed him, so, his heart rate increases, face 

flushes, anger dominates, and he punches, then this guy is sent to 

prison for few days. 

Next time when someone disturbs him, the prefrontal cortex decides 

to stay calm because it has a memory about the bad consequence 

(jail) of punching. 

Another example, when you decide to focus with your doctor during 

the lecture, the prefrontal cortex will select the auditory and visual 

inputs that are related to the lecture from the other annoying 

inputs. 

On the other hand, when you decide not to focus, the prefrontal 

cortex will try to do any thing else, such as sending impulses to the 

visual cortex to remind you you’re your experiences or it will induce 

you to explore the internet and social media(so the cortex will 

activate multiple areas of the brain to  make you enjoy). 

From the last example, if the primary visual areas in both sides were 

damaged (or any other sensation), the patient now is blind. But what 
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about the secondary and association visual cortices? They are 

needed for other tasks in the brain, and impulses will reach them 

whenever they are needed. So, the prefrontal area will send 

impulses to these cortices to activate them. These impulses will be 

processed and translated into image which is not true, and this is 

called visual hallucination. 

The same principle is applied when auditory pathway is damaged (it 

could be in the pontine or in the midbrain-the pathway passes these 

structures), the impulses from the prefrontal cortex will activate the 

secondary or association auditory cortices. These impulses will be 

processed and translated into complex sounds (not tinnitus!), and 

this is called auditory hallucination. 

Lesions in the prefrontal cortex results in: 

1. Lack of foresight: the patient is unable to think about 

consequences of their actions, and they’ll do whatever they want 

even if you tried to convince them with the bad consequences of 

their actions, and this tendency in called impulsiveness. 

2. Frequent stubbornness (dogged determination not to change 

one's attitude or position on something) 

3. Inattentive and moody 

4. Lack of ambitions, sense of responsibility, and sense of 

propriety(rude) 

5. Less creative and unable to plan for the future. 

 

 

 

 

 

 

 


