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Introduction to Experimental Psychology

The Brain and Nervous System 

 

Orientation
Medial-Lateral (middle of body/side of body) 

Anterior-Posterior aspects of brain (front of head-back of head) 

Superior-Inferior aspects of brain (upper portion of head -lower portion of head) 

Slices (Viewing the brain in 2-dimensional images)

Horizontal (parallel to the floor) slice. Permits visualisation of anterior-posterior and lateral-medial aspects of brain. One cannot see the superior-inferior aspect. The MRI images on the right show examples of various horizontal “slices” at various levels of the brain (going from an inferior at the bottom to a superior position at the top). 
Coronal (from ear-to-ear) slice. Permits visualisation of superior-inferior and lateral-medial aspects of brain. One cannot see the anterior-posterior aspect. 
Saggital (from nose to back of head) slice. Permits visualisation of anterior-posterior and superior-inferior aspects of brain. One cannot see the lateral-medial aspect. 

Mid-saggital slice: saggital slice that the splits the brain into two equal halves. 
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1.1n this simple hand-withdrawal reflex,information
is carried from skin receptors along a sensory neuron
to the spinal cord (shown by the red arrow).

From here itis passed via intemeurons to motor
neurons that lead to muscles.
(blue arrow).

the hand and arm

Spinal cord

Motor neuron
(outgoing information)

Because this reflex involves only the
spinal cord, the hand jerks away from the
candie flame even before information
about the event has reached the brin,
causing the experience of pain.




In the image below, a view is shown of a horizontal, coronal and mid-saggital slice (A=anterior, P=posterior; R=Right, L=Left; S=superior, I=Inferior). The crosshairs are located on a part of the brain called the thalamus (see discussion below).  Image courtesy www.brainmaps.org
Imaging Techniques  

 

How is the brain actually viewed? Up to quite recently, it was only possible to dissect brains from cadavers (for obvious reasons). With modern scanning techniques, it is possible to obtain high resolution images of the living brain. These give a static image of the brain but cannot show exactly what areas are active during any given task. There are however other techniques that permit the monitoring of the functions of the different brain regions.

Anatomical dissection. Slicing the human brain. Appropriate (obviously) only for cadavers (go to www.brainmaps.org for a wide display of brains from cadavers ). 
MRI. Magnetic Resonance Imaging.  Provides a high resolution image of the human brain. Static: does not indicate which areas of the brain are active during a specific task. Expensive. Figure above is from an MR image.
PET. Positron Emission Tomography. Provides an image of what areas of the brain require glucose for a task to be completed. Somewhat invasive -- deoxyglucose must be injected into the blood stream. Another problem is that it is relatively slow. It can take an image of the active brain only every 60-120 seconds. Brain activity is much faster than this. Expensive. 

fMRI. Functional MRI. A recent innovation that is revolutionizing brain research. Looks at the changes in structure (blood flow) as the brain engages in a task. Has largely replaced PET. It is also much faster than the PET. Nevertheless, the blood flows relatively slowly. An image can be taken perhaps every 200-500 ms. This is still too slow for many brain functions. If the brain activity occurs with 200 ms, it will be missed by the fMRI. Expensive. 

The image on the cover shows a real tennis player and an fMRI image from a supposed vegetative patient (who should not be conscious) told to “think about” playing tennis. The “hot” (in yellow) indicates the  area of the cortex that is most active, the motor cortex and more specifically the hand area.  
EEG(Electroencephalogram)/Evoked Potentials. Electrodes attached to the surface of the scalp. Provides an indication of the electrical activity of the brain (EEG). When a stimulus is presented, evoked potentials can be used to measure the brain's response to these stimuli. Cheap. Unlike the fMRI, its  resolution is very poor (We cannot easily tell where the electrical activity is being generated in the brain. What can one conclude about brain anatomy with electrodes attached to the scalp?). Measures direct changes in the electrical activity of the brain. This is much faster than the fMRI. The advantage of evoked potentials is therefore that they can rapidly (every 1 msec or better) record the changes of the electrical activity of the brain when it must process information contained in a stimulus. 

The image below on the left shows the electrical activity of the brain (EEG) recorded from 6 different locations on the scalp. The EEG was recorded for 8.186 sec. At various times, an auditory stimulus was presented. The stimulus is labelled as either S1 or S2 (a low or a high pitched tone). The actual responses (called “evoked potentials”) of the brain are very difficult to see in the EEG. This is because the evoked potentials are very small (often measuring only a few µV, or millionths of a Volt).Through computer extraction techniques, the evoked potentials can be made visible.  In the figure on the right, evoked potentials are displayed from 32 different scalp locations (the front of the head being on the top, the back of the head at the bottom). A large downward deflection that measures about  4 µV is seen at and it occurs at about 100 msec (thousandths of a sec). The fMRI because it ultimately relies on changes in blood flow (very slow) would not be able to display changes in processing within the brain this rapidly. There are 32 different electrodes on the scalp and it is possible to see that the amplitude of the large downward deflection varies across the scalp (remember the statistical concept of “variance”). But where is this activity actually coming from within the brain?
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Divisions of the Nervous System

1. Peripheral nervous system 

1. Autonomic

1. Sympathetic

2. Parasympathetic

2. Somatic

2. Central nervous system: 

1. The spinal cord 

2. The brain 
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The Peripheral Nervous System
1. Sensory receptors -- in the body and also, specialized receptors in the head 

2. Sensory and motor "nerves" -- in the body (soma) and in the head (specialized "senses") 

3. Sensory nerves -- afferent information from the sensory receptors to the C.N.S. 

4. Motor nerves -- efferent information from the C.N.S. to the muscles; motor action. Control of “autonomic” or smooth muscles. Control of skeletal (peripheral, surface) muscles. Division is thus known as the autonomic and somatic nervous system. We cannot (easily) control the autonomic nervous (note, it is not called the “automatic” nervous system). It operates essentially independent of our “volition”. By contrast, we do have voluntary control of the somatic nervous system.  
The Spinal Cord

 

1. Central grey region: Central region (looks like an “H”) takes on a greyish colour because of densely-packed neurons in this region are not surrounded by a myelin sheath. The neurons are very short. There is very elaborate inter-neuronal communication. Inter-neuronal communication permits flexibility in behaviour. It is this complexity of inter-neuronal communication that will lead in evolution to complex behaviour such as learning, memory and so forth. 

2. White surround region: Surrounding the central grey region is the white "surround". This consists of ascending "sensory" pathways that ascend from the spinal cord to the brain and the descending "motor" pathways that descend from the brain to the spinal cord. These ascending sensory pathways are located in the dorsal region of the spinal cord. The descending motor pathways are located in the ventral portion of the spinal cord. The sensory and motor pathways can be very long, up to 5 metres in animals such as the giraffe and whale. Because of their length, the pathways need a means to communicate rapidly. The addition of the myelin sheath to the axons permits very rapid neuronal transmission. Since myelin is lipid (i.e. , fat) material, it takes on a white colour. Thus, the long ascending and descending pathways appear white to the eye. 

3. Flexibility of behaviour is also called “plasticity” (it can be moulded). It is also called soft-wiring. 
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The opposite of flexibility is the hard-wiring. Many connections in the nervous system as “wired” genetically. This forms the basis of a reflex (inevitable sensory input-motor output that cannot be altered through learning).
5. Monosynaptic reflex. Sensory input -> motor output (see image below of withdrawal reflex)
6. Polysynaptic reflex

 

Divisions of the Brain

 

1. Hindbrain -- medulla, pons 

2. Midbrain. Collectively, the medulla, pons and midbrain form what is called the brainstem. 

3. Forebrain -- diencephalon; cerebrum 

The Brainstem
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Medulla, pons, midbrain 

2. Specialized senses of the head (vision, hearing, taste, smell) 

3. Head "muscles" -- eye, ear movement, facial muscles, tongue, lips, etc. 

4. Life "support" systems -- temperature; heart, respiration 

5. Sleep-wake cycle 

6. Reticular activating system (central red area in image).  Looks like a spider’s web or net (rete in Latin means net). Stimulate any part of the reticular formation and eventually all parts will be stimulated. This does not allow for specific communication. But it is a good means of assuring a generalized reaction. This system allows for general arousal of the brain. 

The Diencephalon

1. Thalamus – Located immediately superior to the brainstem (see image immediately above and MRI image immediately to the right) and inferior to the massive cortices. This is the first place where all sensory systems merge. The thalamus can thus act as a type of receptionist, filtering through which sensory afferents are relevant (and in which case, the message will be relayed to the very busy cortex) and those that are not (in which case, further processing will be inhibited).  Functions include integration of incoming sensory information, attention, and consciousness.
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Hypothalamus – Located inferior to the thalamus at the base of the brain. The MRI sagittal scan on the right shows the brainstem and posterior to it, the cerebellum and superior to the brainstem is the thalamus. The hypothalamus is inferior to the thalamus (shown in orange). The hypothalamus has many subdivisions each of which controls the basic needs and drives of the organism: eating, drinking, mating, temperature regulation. The hypothalamus monitors the blood that is circulating at the base of the brain. As an example, if there is not enough glucose, a signal goes out and we feel “hungry”. If blood pressure is low, we feel “thirsty”. The hypothalamus forms part of the autonomic nervous system. The ANS operates autonomically and is generally not under the control of the cortex. Indeed, it appears to operate independently of our conscious awareness. The hypothalamus is connected at its base to the pituitary gland and ultimately controls it. 
3. Pituitary gland – Located at the base of the brain, inferior to the hypothalamus (circled in red in the MRI scan). The pituitary gland, properly speaking is not part of the brain at all. It is the “master” gland of another system of communication, the endocrine system. The endocrine glands release hormones that circulate in the blood. This is believed to be an older system of communication in the body. The neuronal means of communication is very rapid and can be very specific (it is possible to lift only the left index finger) or can be quite general (generalized sleep, wakefulness). Hormonal communication by contrast is very slow (because hormones circulate in the blood), long-lasting, and generalized.  As a result, hormones produce a generalized “drive” that appears to haunt and invade consciousness. The hypothalamus closely monitors the endocrine levels that are circulating in the blood. It can then command the pituitary to increase or decrease the output of hormones in other glands. Ultimately, however, the pituitary is under the control of the brain and more specifically, under the control of the hypothalamus. Thus, it is the hypothalamus that controls the endocrine system. 
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The Neocortex

1. Sulci and gyri 

2. Architecture (6-layered) 

3. Central white (more or less) and grey surround 

4. Complex interconnections 

5. Sub-divided into the frontal, parietal, temporal, occipital lobes 

6. Longitudinal fissure separates the left and right hemispheres 

7. Central fissure separates the frontal and parietal lobes 

8. Lateral fissure separates the frontal/parietal lobes from the temporal lobe. 
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Corpus callosum. A thick band of white matter that connects the left and right hemispheres so that one knows what the other is doing. 

Architecture of the Cortex
· Neocortex: 6 layered grey matter. In evolution, as the behavioural complexity of the animal increases, the amount of grey cortical matter must also increase. Behavioural complexity-flexibility (learning, memory) requires the complex interaction that is only possible with massive interneuronal communication. The formation of new memories requires a physical change in the structure of the brain! New synapses must develop, or at the very least, the nature of existing synapses must alter. Note the significance of this statement. It implies that a good deal of the neocortex is not genetically determined. The connections that are made in the cortex are largely not genetically laid out. However, other researchers would say that this statement is too strong. They would claim that while some of the neocortex is not genetically laid out, most of it is. Some (if not large) portions of the neocortex develop with learning (i.e., “experience” with the environment). 
· [image: image16.png]


The image on the right is a coronal slice showing the left and right hemispheres. The dark areas are grey matter and the light areas, white matter. The neocortex consist of sulci (the various crevices) and six layers of grey matter (the gyri). The left and right hemispheres are connected by a thick layer of white matter, the corpus callosum. 

Sensory/Motor/Association Cortices

1. There are 3 major types of cortices within the brain: the sensory, the motor and the association. 

2. The sensory cortex receives input about sensory information via relays from the thalamus (although there are direct inputs from the olfactory system that bypass the thalamus). 

3. The motor cortex in turn sends motor output into the peripheral via the efferent projection system. 

4. The association cortex has no direct contact with the outside world. The association cortex has very elaborate inter-neuronal communication. One neuron communicates with perhaps several other neurons. It is the association cortex that permits the complex behaviour, learning and memory that is associated with "intelligent" species. It is the association cortex that allows for considerable behavioural flexibility. 

Sensory Cortex

1. Visual (almost 50% of the occipital lobe) 

2. Auditory (the gyrus of Heschl, embedded in the superior part of the temporal lobe) ) 

3. Somatosensory (post-central gyrus - immediately posterior to the central fissure; thus in the parietal lobe.). Touch, temperature 

Motor Cortex

1. motor (pre-central gyrus – immediately anterior to the central fissure. Thus in the frontal lobe) 

2. Cerebellum (read Myers for details) 

Speech Areas

1. Motor (communicate) aspects: Broca's area in the inferior region of the frontal lobe 

2. Sensory (receptive) aspects: Wernicke's area at the junction of the parietal and temporal lobes. 

3. Hemispheric differences. In 95-99% of right-handed individuals, the "dominant" (dominant means the centre for speech) hemisphere is the left hemisphere. In left-handers, it is not quite this simple. For about 50%, the left hemisphere is still dominant but for perhaps as many as 40%, the right is dominant. For some left-handers (from 10-25%), both hemispheres are dominant. Assuming that the left hemisphere is dominant, damage to Broca's area in the left hemisphere will result in an inability to speak. Damage to the Wernicke's area in the left hemisphere will result in an inability to understand speech. But there are also important language roles in the right hemisphere. Damage to Broca's area in the right hemisphere will result in monotone speech. Speech lacks "tonality". Damage to Wernicke's area in the right hemisphere will result in an inability to understand the emotional aspects of speech. 

Association Cortex

1. Includes very large areas of the frontal lobe, parietal lobe, temporal lobe and portions of the occipital lobe 

2. Association areas have no direct contact with the outside world. They are neither sensory nor motor cortices. They receive information only after considerable processing by the sensory (or motor) cortices. 

3. Their architecture consists of small interneurons with very elaborate and complex interconnections. Their function is exceedingly complex. 

4. The size of the association cortices massively expands with evolution. A monkey thus has much more of its cortex devoted to association functions than a horse. A human has much more association cortex than a monkey. One should not be terribly impressed by the size of the human brain. Whales and elephants also have large brains. A good deal of the elephant’s brain is, however, devoted to motor activity (there is a good deal of muscle to control). Sharks, who are considered to be simple animals, actually have a fairly large brain, at least with respect to fish. However, most of this is devoted to sensory (smell) and motor functions (the exquisitely fine and rapid motion associated with swimming). 

Frontal Lobe

1. Motor functions. 

1. Primary motor cortex in the pre-central gyrus 

2. Broca's area and speech 

2. Psychological function - highly complex "higher mental" functions. Selective attention, concentration; "will"; initiative (initiator of appropriate action); social norms; insight, logic, feedback (ability to learn from error); consciousness (awareness of the external world/ awareness of one's own thoughts and actions); self-consciousness (awareness that I am aware that I am aware); personality. The essence of human existence is probably a result of the development of the frontal lobe. 

Temporal Lobe
1. Primary auditory cortex in the superior portion of the temporal lobe (Gyrus of Heschl) 

2. Wernicke's area (receptive speech) 

3. Short-term memory systems -- hippocampus; amygdala (?) .

4. The hippocampus (in green in image on right) is located in the infer-medial portion of the temporal lobe and then loops (like a rams’ horns) toward the hypothalamus. The next image shows a view from a superior location. The hippocampus (in green) is located in an inferior location in the temporal lobe and then loops upward and toward the middle (medial) portion of the diencephalon.  The hippocampus appears to be specialized for the storage of short-term memories. If the information is relevant enough, the hippocampus can allow for the transfer of short-term memories into permanent memory. If the hippocampi (the hippocampus is embedded in both the left and right hemispheres) is severed, the patient we will not be able to learn anything new. This is because the patient will be unable to transfer information from the short-term to permanent, long-term memory. (Images courtesy of genes to cognition online (www.g2conline.org)
5. Amygdala & limbic system (see later section for details) 

Parietal Lobe

1. Permanent memory (or "long-term" memory) systems 

2. Switching of attention. While the frontal lobe appears to be specialized for the focussing or "maintenance" of attention (this is called "vigilance" or "concentration"), when something novel occurs, we need to switch attention. This is a role of the parietal lobes. 

3. Hemi-neglect. Patients who have damage to the right parietal lobe fail to attend to information arising on their left side. They thus "neglect" half of their universe. This tendency to neglect the left side occurs only when there is also information on the right side. Thus, if there is information on the left side and none on the other, the right parietal lobe patient will detect it. Thus, there is nothing wrong with the sensory systems. The patient can hear, see or feel information on the left side of their bodies. But if there is information on both the left and the right side, the patient will not see (or hear or feel) the information on the left. They thus attend to the information on the right side (that therefore is transmitted to the left hemisphere) and neglect information on the left side. This can lead to very bizarre behaviour. Patients may only dress half of their bodies and be completely unaware of it. They may claim that there is nothing at all wrong with them and can thus be very difficult to treat. If you are on the patient’s left side and speak to them, she/he will hear you (since there are no sounds entering the right ear) but not see you (since they will also be seeing objects in the room on the right side). Patients may thus complain that they are hearing voices. At times, these patients are misdiagnosed as being "psychotic". 

Hemisphere Differences 

See Myers for further detail on this subject.

1. Dominant (Left) Hemisphere (for most right-handers and some left-handers). Functions include - language, mathematical operations (?), logic (?). But as the "?" indicates, classifying functions as belonging to the left or right hemisphere is overly simplistic. 

2. Nondominant Hemisphere: spatial construction/block design; face recognition; tonality/emotional expression; perhaps music 

3. Corpus Callosum. This is the major commissure of the brain. A commissure connects the left hemisphere to the right and the right to the left allowing the left hemisphere to communicate to the right and vice versa.

See Myers for a discussion of what will happen if the corpus callosum is severed. 

Limbic System


Again, see Myers for further detail.


1. The anatomy of the limbic system is quite complex. The word "limbic" means circle or loop. The loop within the brain includes: the cingulate cortex- hippocampus/amygdala-hypothalamus circuit. In the image, the amygdala (involved in emotions such as defensive and offensive aggression) is displayed in blue. The amygdala is located immediately anterior and somewhat superior to the hypothalamus (in grey). 
2. The limbic system plays an intimate role in the maintenance and expression of emotions. The role of the limbic system has been summarized as consisting of the 4 F's: feeding, fighting, fleeing, undertaking mating behaviour 

Autonomic Nervous System
1. The autonomic nervous system appears to function "autonomously" from the cortex. The cortex may not be aware ("conscious") of what the autonomic nervous system is doing. The cortex may have only limited control or no control at all over the autonomic nervous system. 

2. Controlled by the hypothalamus. It (the autonomic nervous system) consists of two branches, the sympathetic and parasympathetic. 

3. Sympathetic branch - Increase energy available to the body. When under stress the sympathetic branch provides energy - increases the heart beat, respiration, dilate skeletal muscles; constrict arteries of skin (so that places that need the energy and nutrients carried by the blood - such as the brain - can get them); inhibit digestive system 

4. Parasympathetic branch conserve energy -- slow heart beat, etc. 
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