


Chapter 5 Study Questions and Answers.

1. Why is the outwardly visible cortex sometimes referred to as the ‘neocortex’? 

 ‘Neocortex’ means the “new cortex,” because it emerged with the evolution of mammals, about 200 million years ago. Older regions of cortex are also found in reptiles, like salamanders, such as the limbic cortex. Neocortex has six horizontal layers, while older cortex has fewer layers. 
2. What are the four major lobes of the brain and what are some of their key functions in human cognition?

3.3 The major lobes

The four major lobes of the cortex are the frontal, parietal, temporal, and occipital lobes. 

3.3.1 Frontal lobe

The massive frontal lobe is the site for motor planning and motor output. The frontal lobe in humans is far larger than in non-human primates or any other animal. creature. The frontal lobe has been termed the ‘organ of civilization’ (Luria, 1966), especially the forward part, the prefrontal lobes. 

3.3.2 Parietal lobe

The parietal lobe includes the somatosensory region (body map), as well as egocentric (body-centered) space. The inferior parietal lobe or IP, is involved in multisensory integration.

3.3.3 Temporal lobe

The temporal lobe is the region where sound is processed and where auditory language and speech comprehension systems are located.  Just posterior to the auditory cortex is Wernicke’s area for speech comprehension.  The middle sections of the temporal lobe are thought to contain conceptual representations for semantic knowledge. More inferior and posterior temporal lobe areas are more finely tuned for representing visual objects and include the fusiform face area.

3.3.4 Occipital lobe

The occipital lobe, at the very posterior region of cortex, is home to early visual cortex. Most of visual cortex is hidden within the calcarine fissure. 

3. What are Brodmann areas and how are they classified?

At a microscopic level of description, we have the Brodmann areas, the numbered postal codes of the cortex. When the surface layers of cortex are carefully studied under a microscope, small regional differences can be seen in the appearance of cells in the layers and their connections. About 100 Brodmann areas are now recognized, and it is therefore convenient to take this as

a rough estimate of the number of specialized regions of the cortex. The Brodmann areas correspond well to different specialized functions of the cortex. They range in size from a few square inches to the small patch of Brodmann area 5 at the top of the somatosensory cortex.

4. Where is the medial temporal lobe located? What are its key structures?

3.3.6 The medial temporal lobe

The medial temporal lobe (MTL) is actually part of the temporal lobe, but its function and anatomy differ strikingly and it is typically referred to as a separate

structure. The MTL is home to the hippocampi and related regions that are associated with memory functions (Figure 5.35). 

Notice in Figure 5.35, on the left side, an area referred to as emotional cortex. This is the limbic area. The word ‘limbus’ means ‘boundary’, and true to its name, there is a great deal of debate about the proper boundaries of this region. You will occasionally see the entire complex of hippocampus, amygdala, and limbic cortex being called the ‘limbic system’. Notice that these are overlapping terms. 

5. Briefly describe the role of the thalami in brain processing.

There are two thalami, one in each hemisphere (Figure 5.15). The two egg-shaped thalami form the upper end of the brainstem. They are the great traffic hubs of the brain, intimately connected with each great hemisphere.

The thalamus is often described as a relay station: almost all input stops off at the thalamus on the way to cortex. It also regulates traffic going from one part of the cortex to other parts. Thalamus is so closely connected to the cortex that the two are often considered to be a single system (the thalamo-cortical system). 

6. What is the major bridge between the hemispheres?  Are there any differences in how the two hemispheres function? 

3.1.1 The corpus callosum

The major link between the hemispheres is provided by the corpus callosum, a large arch of white matter (Figure 5.23). The number of axons traveling between the two hemispheres is estimated at more than 100 million. The corpus callosum has fibers that project between the hemispheres in an orderly way, with regions in the anterior portion connecting similar brain areas in the frontal lobes and regions in the posterior portion connecting similar brain areas in the occipital lobe.

The  corpus callosum can be cut in humans, without changing the perceived unity of the world and of the self. Indeed, for many years such callosectomies (separation or cutting of the corpus callosum) were performed to

improve uncontrollable epilepsy (Figure 5.26). 

7. What is the sensory homunculus? The motor homunculus? What do their organization tell us about sensory and motor representation of various body areas?

These two body maps or homunculi (‘little men’) were first discovered by the pioneer neurosurgeon Wilder Penfield at the University of Montreal in the 1950s and 1960s. Penfield’s team was the first to stimulate the cortex of awake patients, which is possible because the cortical surface contains no pain receptors. Therefore, local anesthetic applied to the incision was enough to dull the pain of the removal of the scalp, and surgeons could electrically stimulate the exposed cortical surface and ask their awake patients about their experiences as a result. In the case of the sensory homunculus (somatosensory), local stimulation would evoke feelings of touch in the corresponding part of the body. Stimulation of the motor homunculus would evoke specific body movements, but interestingly, patients would deny a sense of ownership of those movements. 

The central sulcus is an important landmark to know. Not only does it separate the sensory and motor homunculi but, more broadly, the central sulcus separates the more sensory half of cortex. 

8. What are the gross anatomical landmarks of the frontal lobe? The parietal lobe? The temporal lobe? The occipital lobe?

FIGURE 5.4 The four major lobes of the cortex are visible from a lateral view of the brain. Figure 5.4 shows a view of the left hemisphere with the frontal lobe (purple) at the anterior of the brain, the parietal lobe (orange) posterior to the frontal lobe at the superior aspect of the brain, the temporal lobe (blue) posterior to the frontal lobe and inferior to the parietal lobe, and the occipital lobe (yellow)

posterior to both the parietal and temporal lobes. Just below the occipital is the cerebellum (green), which is not part of the cortex but is visible from most aspects of the brain. Source: Squire et al., 2003.
3.3.3 Temporal lobe

The temporal lobe is the region where sound is processed and where auditory language and speech comprehension systems are located. The auditory cortex is located on the upper banks of the temporal lobe and within the Sylvian fissure. Just posterior to the auditory cortex is Wernicke’s area for speech comprehension. But the temporal lobe is not only a sound and language processing region. The middle sections of the temporal lobe are thought to contain conceptual representations for semantic knowledge. More inferior and posterior temporal lobe areas are more finely tuned for representing visual objects and include the fusiform face area.
9. Describe a key function of the parietal lobe.

3.3.2 Parietal lobe

As we noted earlier, the anterior region of the parietal lobe holds the somatosensory cortex. However, the parietal lobe is not just a somatosensory region in humans, much as the frontal lobe is not just a motor region. One important function of the parietal lobe is multiple maps of body space. What does ‘body space’ mean exactly? Think about sitting in a chair at a table and looking down at your hands. Your eyes bring sensory input to your brain about where your hands are in respect to your body, but there are other inputs telling you where you hands are as well (which is why you know where your hands are even if your eyes are closed). Your imagined hand position will be from your own perspective, or the egocentric perspective. Now imagine a friend sitting across the table from you and conjure up where your hands are from his perspective.

How do you do this? It is easy to accomplish and regions in the parietal lobe are where this type of processing take place (Figure 5.32).

Posterior and inferior to the somatosensory region is an area termed the inferior parietal lobe or IPL. The functional significance of this region is still being elucidated, however, it is thought to be the site for multisensory integration.
10. Which sensory function is located in the occipital lobe?  

3.3.4 Occipital lobe

The occipital lobe, at the very posterior region of cortex, is home to visual cortex. Most of visual cortex is hidden within the calcarine fissure. The visual system occupies a large area within the occipital lobe that extends anterior to the parietal and temporal lobes. New techniques provide the ability to ‘inflate’ these cortical regions to remove the folds and allow us to see the functional visual regions that are normally tucked into the calcarine fissure and difficult to see on a brain scan.

11. What is the reticular formation and what role might it play in wakeful, conscious experience? 

The reticular formation is located at a central point in the brainstem (Figure 5.40). The reticular formation is called ‘reticular’ (i.e. network-like) because the neuronal axons in this system are usually very short, suggesting a great amount of interaction between adjacent neurons. Further, it receives input from all sensory and motor systems, as well as from other major structures in the brain. Through its connections with the thalamus, it can send information to, and receive it from, all areas of the cortex.

FIGURE 5.40 The Ascending Reticular Activating System

(ARAS) is found in the brainstem and thalamus, and sends projections throughout cortex. The ARAS is thought to be required for the normal conscious waking state. Source: Filley, 2002.

