
Lobes of the Brain
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The average human brain weighs about 1,400 grams (3 lb). The brain can be divided down the middle lengthwise into two halves called the cerebral hemispheres. Each hemisphere of the cerebral cortex is divided into four lobes by various sulci and gyri...the sulci (or fissures) are the grooves and the gyri are the "bumps" that can be seen on the surface of the brain. The folding of the cerebral cortex produced by these bumps and grooves increases the amount of cerebral cortex that can fit in the skull. (In fact, the total surface area of the cerebral cortex is about 324 square inches - about the size of a full page of newspaper!). Although most people have the same patterns of gyri and sulci on the cerebral cortex, no two brains are exactly alike.
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Frontal Lobe

· Located in front of the central sulcus.

· Concerned with reasoning, planning, parts of speck and movement (motor cortex), emotions, and problem solving.

Parietal Lobe

· Located behind the central sulcus.

· Concerned with perception of stimuli related to touch, pressure, temperature and pain.

Temporal Lobe

· Located below the lateral fissure. 

· Concerned with perception and recognition of auditory stimuli (hearing) and memory (hippocampus).
Occipital Lobe

· Located at the back of the brain, behind the parietal lobe and temporal lobe. 

· Concerned with many aspects of vision.



Areas of the Brain

Cortical Area
Function

Prefrontal Cortex
Problem Solving, Emotion, Complex Thought

Motor Association Cortex
Coordination of complex movement

Primary Motor Cortex
Initiation of voluntary movement

Primary Somatosensory Cortex
Receives tactile information from the body

Sensory Association Area
Processing of multisensory information

Visual Association Area
Complex processing of visual information

Visual Cortex
Detection of simple visual stimuli

Wernicke's Area
Language comprehension

Auditory Association Area
Complex processing of auditory information

Auditory Cortex
Detection of sound quality (loudness, tone)

Speech Center
(Broca's Area)
Speech production and articulation
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Only some of the structures that are visible on a real brain have been labeled.



Brain Structures

Cerebral
Cortex 

Functions:
· Thought 

· Voluntary movement 

· Language 

· Reasoning 

· Perception
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The word "cortex" comes from the Latin word for "bark" (of a tree). This is because the cortex is a sheet of tissue that makes up the outer layer of the brain. The thickness of the cerebral cortex varies from 2 to 6 mm. The right and left sides of the cerebral cortex are connected by a thick band of nerve fibers called the "corpus callosum". In higher mammals like humans, the cerebral cortex looks like it has many bumps and grooves. A bump or bulge on the cortex is called a gyrus (the plural of the word gyrus is "gyri") and a groove is called a sulcus (the plural of the word sulcus is "sulci"). Lower mammals like rats and mice have very few gyri and sulci. 

Cerebellum Functions:

· Movement 

· Balance 

· Posture 
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The word "cerebellum" comes from the Latin word for "little brain". The cerebellum is located behind the brain stem. In some ways, the cerebellum is a bit like the cerebral cortex: the cerebellum is divided into hemispheres and has a cortex that surrounds these hemispheres. 

Brain stem Functions:

· Breathing 

· Heart Rate 

· Blood Pressure 
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The brain stem is a general term for the area of the brain between the thalamus and spinal cord. Structures within the brain stem include the medulla, pons, tectum, reticular formation and tegmentum. Some of these areas are responsible for the most basic functions of life such as breathing, heart rate and blood pressure.

Hypothalamus Functions:

· Body Temperature 

· Emotions 

· Hunger 

· Thirst 

· Circadian Rhythms 
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The hypothalamus is composed of several different areas and is located at the base of the brain. It is only the size of a pea (about 1/300 of the total brain weight), but it is responsible for some very important behaviors. One important function of the hypothalamus is the control of body temperature. The hypothalamus acts as like a "thermostat" by sensing changes in body temperature and then sending out signals to adjust the temperature. For example, if you are too hot, the hypothalamus detects this and then sends out a signal to expand the capillaries in your skin. This causes blood to be cooled faster. The hypothalamus also controls the pituitary.



Thalamus Functions:

· Sensory Integration 

· Motor Integration 
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The thalamus receives sensory information and relays this information to the cerebral cortex. The cerebral cortex also sends information to the thalamus which then transmits this information to other areas of the brain and spinal 



Brain Plasticity--An Overview

What is brain plasticity? Does it mean that our brains are made of plastic? Of course not. Plasticity, or neuroplasticity, is the lifelong ability of the brain to reorganize neural pathways based on new experiences. As we learn, we acquire new knowledge and skills through instruction or experience. In order to learn or memorize a fact or skill, there must be persistent functional changes in the brain that represent the new knowledge. The ability of the brain to change with learning is what is known as neuroplasticity. 

To illustrate the concept of plasticity, imagine the film of a camera. Pretend that the film represents your brain. Now imagine using the camera to take a picture of a tree. When a picture is taken, the film is exposed to new information -- that of the image of a tree. In order for the image to be retained, the film must react to the light and “change” to record the image of the tree. Similarly, in order for new knowledge to be retained in memory, changes in the brain representing the new knowledge must occur. 

To illustrate plasticity in another way, imagine making an impression of a coin in a lump of clay. In order for the impression of the coin to appear in the clay, changes must occur in the clay -- the shape of the clay changes as the coin is pressed into the clay. Similarly, the neural circuitry in the brain must reorganize in response to experience or sensory stimulation. 

Facts About Neuroplasticity

FACT 1: Neuroplasticity includes several different processes that take place throughout a lifetime.
Neuroplasticity does not consist of a single type of morphological change, but rather includes several different processes that occur throughout an individual’s lifetime. Many types of brain cells are involved in neuroplasticity, including neurons, glia, and vascular cells.

FACT 2: Neuroplasticity has a clear age-dependent determinant.
Although plasticity occurs over an individual’s lifetime, different types of plasticity dominate during certain periods of one’s life and are less prevalent during other periods.

FACT 3: Neuroplasticity occurs in the brain under two primary conditions: 

1. During normal brain development when the immature brain first begins to process sensory information through adulthood (developmental plasticity and plasticity of learning and memory). 

2. As an adaptive mechanism to compensate for lost function and/or to maximize remaining functions in the event of brain injury. 

FACT 4: The environment plays a key role in influencing plasticity.
In addition to genetic factors, the brain is shaped by the characteristics of a person's environment and by the actions of that same person. 

Developmental Plasticity: Synaptic Pruning

Gopnick et al. (1999) describe neurons as growing telephone wires that communicate with one another. Following birth, the brain of a newborn is flooded with information from the

 baby’s sense organs. 
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Over the first few years of life, the brain grows rapidly. As each neuron matures, it sends out multiple branches (axons, which send information out, and dendrites, which take in information), increasing the number of synaptic contacts and laying the specific connections from house to house, or in the case of the brain, from neuron to neuron. At birth, each neuron in the cerebral cortex has approximately 2,500 synapses. By the time an infant is two or three years old, the number of synapses is approximately 15,000 synapses per neuron (Gopnick, et al., 1999). This amount is about twice that of the average adult brain. As we age, old connections are deleted through a process called synaptic pruning. 

Plasticity of Learning and Memory

It was once believed that as we aged, the brain’s networks became fixed. In the past two decades, however, an enormous amount of research has revealed that the brain never stops changing and adjusting. Learning, as defined by Tortora and Grabowski (1996), is “the ability to acquire new knowledge or skills through instruction or experience. Memory is the process by which that knowledge is retained over time.” The capacity of the brain to change with learning is plasticity. So how does the brain change with learning? According to Durbach (2000), there appear to be at least two types of modifications that occur in the brain with learning: 

1. A change in the internal structure of the neurons, the most notable being in the area of synapses. 

2. An increase in the number of synapses between neurons. 

Initially, newly learned data are "stored" in short-term memory, which is a temporary ability to recall a few pieces of information. Some evidence supports the concept that short-term memory depends upon electrical and chemical events in the brain as opposed to structural changes such as the formation of new synapses. One theory of short-term memory states that memories may be caused by “reverberating” neuronal circuits -- that is, an incoming nerve impulse stimulates the first neuron which stimulates the second, and so on, with branches from the second neuron synapsing with the first. After a period of time, information may be moved into a more permanent type of memory, long-term memory, which is the result of anatomical or biochemical changes that occur in the brain (Tortora and Grabowski, 1996).

Injury-induced Plasticity: Plasticity and Brain Repair

During brain repair following injury, plastic changes are geared towards maximizing function in spite of the damaged brain. In studies involving rats in which one area of the brain was damaged, brain cells surrounding the damaged area underwent changes in their function and shape that allowed them to take on the functions of the damaged cells. Although this phenomenon has not been widely studied in humans, data indicate that similar (though less effective) changes occur in human brains following injury.

The information on these pages comes from:

http://faculty.washington.edu/chudler/introb.html

