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  Preface

  Recent dramatic advances in our understanding of the human brain and cognition ensure that the cognitive neurosciences will play an increasingly important role in educational policy and practice during the 21st century. Imaging technology can now directly observe and report the brain activity of subjects engaged in a wide variety of experimental cognitive tasks, and this has led to a better understanding of the neuronal substrate of learning, thought, and behavior. That knowledge is leading to the development of successful treatments for learning disabilities—and it will also lead to improvements in teaching and learning in normal classroom settings.

  The biological sciences will also affect educational policy and practice in other important ways. Developments in genetics and neuroscience are already raising complex moral, ethical, political, cultural, financial, and religious issues, and we can expect a contentious increase in such issues. Citizens in a democratic society will thus need a functional understanding of the biology of genetics and cognition if they are to make wise decisions on issues such as cloning and stem cell research and on proposed educational procedures that emerge out of cognitive neuroscience research.

  A third-grade student today will be a voter in 10 years. Think of all the developments in biology that have occurred during the past 10 years, and project what might occur before our third-grader votes. Much more biology (and specifically cognitive neuroscience concepts and processes) will thus need to be inserted into the K–12 curriculum.

  The typical K–12 educator currently lacks the biological background to do this effectively because teaching has historically been much more oriented to the social and behavioral sciences than to biology. This made sense in an era in which biology didn’t focus on teaching-learning processes. Although the social sciences similarly didn’t focus on teaching and learning, their focus on group behavior was useful to teachers who work with students in a social setting. It thus isn’t surprising that most preservice elementary teachers and many secondary teachers major in the social sciences.

  Except for secondary school science teachers, few K–12 educators have the extensive academic preparation in chemistry, biology, and cognitive neuroscience that a 21st-century teacher will need. Furthermore, it will be difficult to insert more science coursework into an already packed teacher education program.

  Conferences, staff development programs, and personal reading are currently helping to increase many teachers’ cognitive neuroscience knowledge. It is perhaps only a bootstrapped beginning, but what are our options? This book assumes that in the foreseeable future, individual effort will be the principal venue for increasing the education profession’s knowledge of the cognitive neurosciences. I sense that you agree with me because you probably wouldn’t be reading this book if you didn’t.

  You will thus confront two challenges as you seek to increase your understanding of the cognitive neurosciences: First, to master the principal concepts and terms, and second, to teach the concepts and terms to your students and explain them to patrons.

  ORIGIN OF THE BOOK

  The book had its beginnings in the early 1960s. Whenever I ran into an unfamiliar brain or biology term or concept in my reading and work, I created one or more pages for the term’s definition plus background and supplementary information that I had culled from dictionaries, glossaries, and texts and I then alphabetized the pages into a growing stack. These pages of written definitions changed over time as I continued to read, and as I tried to explain the concepts in nontechnical terms to preservice and inservice educators. My initial audiences would typically look bewildered as I attempted to explain a technical concept, but after fine-tuning an explanation over subsequent presentations, I eventually would happily discover that folks were writing down my definition. I incorporated my successful explanations into presentation handouts, articles, books, and the monthly column I’ve written for the acclaimed Internet journal Brain Connection since the turn of the century (www.brainconnection.com). And so my very personal, loose, informal, cognitive neuroscience encyclopedia grew. This book is kind of like stapling the left margins of my considerably updated 40-plus-year pile of encyclopedic pages.

  It was a stimulating experience to go through my own files and published work as well as recent reports on exciting developments, decide which terms and concepts to include in this book, and then update what I had written earlier to reflect current knowledge. It’s amazing how the cognitive neurosciences have matured during my career—and it’s similarly amazing to realize how much we have yet to learn about our brain and its cognitive processes.

  HOW TO USE THE BOOK

  This encyclopedic handbook is designed to help you when you confront unfamiliar brain concepts and terms in your reading and work. Articles and books on our brain often lack a glossary, and many of the definitions they do provide are technical—not expressed in functional terms that educators can understand and use with students. Furthermore, readers often need to refresh their memory of a definition during subsequent encounters with the word, and it’s often difficult to locate the original definition. This reader-friendly companion book will thus be a useful nontechnical resource to enhance your understanding of brain terms and cognitive processes.

  The book contains close to 300 entries and cross references, covering the range of concepts and terms that you will confront when reading about educationally significant developments in the cognitive neurosciences. Entries will typically comprise two parts: (1) an initial short functional definition of the concept or term and (2) an expanded commentary that will provide useful background and supplementary information for subsequent use in student instruction and patron discussions. Reproducible schematic models and illustrations focused on key brain functions will further enhance your understanding and use of the concepts and terms.

  As indicated earlier, the terms included in the book represent my selection of the educationally significant concepts you’re most apt to confront in your work. I’ve linked brain terms in the text to the relevant schematic illustrations at the front of the book. I’ve also included Internet addresses of the best related Web sites and a selected list of recent useful books for general readers. These resources should prove especially helpful to you if you want to track down an obscure term or the precise location of a brain structure that’s difficult to depict in this book’s schematic illustrations. For easy access to more than 1,500 detailed Internet illustrations of brain structures and systems, try using the BrainInfo database (http://braininfo.rprc.washington.edu/mainmenu.htmb) and the Whole Brain Atlas (www.med.harvard.edu/AANLIB/home.html).

  Finally, my e-mail address is bobsyl@darkwing.uoregon.edu. If you don’t understand something I’ve written or if you want information on a concept that isn’t included in this book and can’t easily locate it in a Web site, e-mail me and I’ll respond quickly.

  I’ve enjoyed my long journey toward understanding my brain and its cognitive processes—and I wish the same pleasure for you.
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  Standard Hierarchy of Brain Areas

  The major brain divisions identified below with their standard names are drawn from the BrainInfo database: http://braininfo.rprc.washington.edu/mainmenu.htmb.

  The database provides information on 12,200 neuroanatomic terms and shows the hierarchical relationships among our brain’s 550 primary brain structures; 1,500 illustrations enhance the usefulness of this fine resource.

  HINDBRAIN

  Medulla Oblongata

  Metencephalon

  Cerebellum

  Pons

  MIDBRAIN

  Cerebral Peduncle

  Tectum

  FOREBRAIN

  Diencephalon

  Subthalamus

  Hypothalamus

  Thalamus

  Epithalamus

  Telencephalon

  Cerebral Cortex

  Cerebral White Matter

  Basal Ganglia

  Septum

  Fornix

  Olfactory Bulb

  SOURCE: Braininfo. (2000). Neuroscience Division, Regional Primate Research Center, University of Washington. Retrieved from http://braininfo.rprc.washington.edu.

  The Whole Brain Atlas is another excellent source of illustrations of brain structures and systems: www.med.harvard.edu/AANLIB/home.html.
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  Figure 1     Schematic Model of Two Related Neurons
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  Figure 2     Schematic of Synaptic Transmission
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  Figure 3     Examples of Neuron Variation
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  Figure 4     Sectional Planes
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  Figure 5     Hindbrain, Midbrain, and Forebrain
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  Figure 6     Major Cerebral Cortex Regions
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  Figure 7     Selected Interior Brain Systems: Side View
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  Figure 8     Selected Interior Brain Systems: Front Views
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  Figure 9     Schematic of Coronal Section
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  Figure 10     Somatosensory and Motor Cortex Areas

  Copyright © 2005 by Robert Sylwester. All rights reserved. Reprinted from How to Explain a Brain: An Educator’s Handbook of Brain Terms and Cognitive Processes. Thousand Oaks, CA: Corwin Press, www.corwinpress.com. Reproduction authorized only for the local school site that has purchased this book.

  [image: image]

  Figure 11     Stylized View of Brain Functions
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  Alphabetized Entries

  A

  Acetylcholine (A-set-tul-KO-leen)

  The first neurotransmitter discovered (1921).

  Acetylcholine is distributed throughout our brain and especially in centers controlling conscious movement (such as the basal ganglia and motor cortex). It regulates all voluntary muscles and many involuntary muscles, and it’s the primary neurotransmitter for the parasympathetic nervous system (rest and recuperation). It’s estimated that as many as 10% of our brain’s synapses use acetylcholine, and its action is generally excitatory. It’s also active in learning and memory circuits. People with Alzheimer’s disease suffer from a depletion of functional acetylcholine neurons in the hippocampus.

  See also Basal Ganglia, Hippocampus, Motor Cortex, Neuron, Neurotransmitter, Peripheral Nervous System

  Action Potential. See Neuron

  Adolescence. See Puberty and Adolescence

  Adrenaline

  A molecule that can function both as a hormone (synthesized in the adrenal glands) and as a neurotransmitter (called epinephrine). It helps to activate body-brain systems, especially during stress responses.

  See also Hormones, Neurotransmitter

  Agnosia (ag-NO-zhuh)

  A condition in which people with a functioning sensory system are unable to recognize objects, people, places, or events that should be familiar. Agnosia means “not knowing.”

  Agnosia typically occurs because of damage to specific brain regions that interpret sensory information. Other interpretive regions may be functional. For example, someone with prosopagnosia can’t recognize a friend’s face but can recognize her voice; someone with color agnosia can’t recognize different colors despite functioning visual and language systems; and someone with gustatory agnosia can’t recognize and discriminate among tastes.

  See also Aphasia

  Agraphia. See Aphasia

  Alpha Waves. See Brain Waves

  Alzheimer’s Disease. See Cognitive and Motor Degeneration

  Amino Acid (a-MEE-no)

  The chemical building blocks of proteins and of neurotransmitters.

  Four types of molecules provide the construction base of all organisms: amino acids, fatty acids, nucleotides, and sugars. Amino acids and peptides (small combinations of amino acids) can function as neurotransmitters, and longer amino acid chains and proteins can function as the receptors on neurons to which neurotransmitters attach and pass information from the presynaptic to the postsynaptic neuron.

  See also Neuron, Neurotransmitter

  Amnesia (am-NEE-zhuh)

  A breakdown of part or all of the cognitive processes that store and recall memories.

  Amnesia can result from trauma, disease, tumor, stroke, or dementia occurring in the brain regions that process memory and from encephalitis or chronic alcoholism (Korsakoff’s syndrome). Amnesia most often occurs in our long-term declarative (factual and autobiographical) memory systems. Although many specific kinds of memory loss have been clinically identified, retrograde and anterograde amnesia are perhaps the most common (and some people suffer from both).

  Retrograde amnesia is the inability to recall any declarative information that was stored prior to the damage (which typically occurred in the Temporal lobe areas that are central to the processing of declarative memories).

  Anterograde amnesia is the inability to store and recall declarative information that emerges after damage to declarative memory processing systems, although these amnesiacs can recall information from periods prior to the damage. Perhaps the best-known case of anterograde amnesia is a man commonly called HM who had most of his hippocampus and amygdala surgically removed at age 27 (1953) in an attempt to stop his epileptic seizures. It helped his epilepsy but left him with profound anterograde amnesia. Since then, HM has been unable to store or recall any new declarative information, although he can recall memories from before the surgery, and he can develop new procedural (skill) memories. He basically lives within the world of short-term memory (a few minutes at most). HM became the most-studied amnesiac in medical history, and much of what scientists initially learned about declarative memory and amnesia resulted from these studies.

  You could functionally explain amnesia as follows: Think of a computerized warehouse in which materials are stored before being retrieved and sent to customers. Suppose that the computer and database that contain the location of the stored materials becomes dysfunctional. That would be a situation somewhat similar to retrograde amnesia. Suppose again that new shipments of materials arrived to be stored within the warehouse, but the dysfunctional computer and database can’t specify where the new materials should be stored. That would be a situation somewhat similar to anterograde amnesia. See Figures 6 and 8.

  See also Amygdala, Hippocampus, Memory

  Amygdala (ah-MIG-da-lah)

  A paired complex of structures the shape and size of an almond that recognize innate biological fears and activate relevant primal automatic responses. It is often called the “Fear Button.”

  The amygdala is located in the lower frontal areas of the two Temporal lobes. Place a finger on either temple, and an amygdala will be about 1.5 inches into your brain.

  If incoming sensory information that passes through the amygdala portends imminent danger (such as a sudden movement or loud sound), the amygdala will rapidly signal the nearby hypothalamus to initiate an appropriate response (fight, flight, freeze). Fearful information is simultaneously sent into the cingulate area of the cortex for conscious thought about alternate responses if the danger isn’t imminent. The amygdala also adds positive and negative emotional content to the memory of an experience for use in subsequent similar situations, thus playing an important role in the consolidation of long-term memories that occurs in various brain areas. See Figure 8.

  See also Amnesia, Cingulate Gyrus, Hypothalamus, Stress

  Angiotensin II (an-jee-o-TEN-sin 2)

  A peptide that triggers drinking behaviors when body fluid levels are low.

  See also Neuron, Neurotransmitter

  Angular Gyrus (AN-gyu-lar JI-rus)

  A (typically) left-hemisphere region located posterior to Wernicke’s area, at the juncture of the occipital, parietal, and Temporal lobes. It connects the initial visual word recognition process to other elements of language comprehension and production that are principally processed in forward regions of our brain. See Figure 6.

  See also Cerebral Cortex, Wernicke’s Area

  Anterior Cingulate Gyrus. See Cingulate Gyrus

  Anterior Commissure (KOM-i-sure)

  A commissure is a bundle of myelinated axons that link and exchange information between the two cerebral hemispheres. The anterior commissure exchanges emotional information between the unconscious subcortical areas of the two hemispheres. It’s located below and toward the front of the corpus callosum, a much larger commissure that exchanges conscious thought between the hemispheres. Some evidence exists that both commissures are typically larger in females than in males. See Figure 7.

  See also Cerebral Hemispheres, Corpus Callosum, Neuron

  Anterograde Amnesia. See Amnesia

  Anxiety

  An unpleasant emotional state that’s focused on potentially negative events. It exists along a continuum from mild concern to intense fear.

  Emotional arousal occurs in response to a looming danger or opportunity. Anxiety adds a feeling of apprehension to emotional arousal—a feeling that a real or imagined challenge will result in a negative outcome because we lack the resources to respond successfully. It’s normal for feelings of anxiety to emerge periodically during the course of the day as we try to meet a variety of commitments, but anxiety becomes dysfunctional when dread and doom dominate our thoughts and activities.

  Symptoms of a dysfunctional anxiety include irregularities in circulation, respiration, and appetite and digestion; headaches; generalized aches and pains; fatigue; and an inability to relax. Phobias, panic disorder, and obsessive-compulsive disorder are some of the specific manifestations of dysfunctional anxiety. Such anxiety disorders emerge when a response that is normally appropriate and useful (such as fear of falling) becomes excessive and limiting (such as in refusing to use elevators or airplanes).

  See also Stress

  Aphasia (ah-FAY-zhuh)

  A general term for an impaired ability or a complete loss of ability to understand or express some element of language.

  Aphasia typically occurs following stroke or traumatic damage to some part of our brain’s language-processing areas, or because of delayed brain development. Global aphasia is a complete inability to process language, but the lost function in the many other types of aphasia is limited and quite specific. Language is a complex activity that requires the collaboration of many separate brain areas. In nonglobal aphasia, one or more language-processing areas become dysfunctional, but others do not. For example, someone with anomia can’t name specific people, objects, or places (or a combination of these), although they recognize them when others identify them; someone with tactile aphasia can’t name touched unseen objects but can name them if viewed; and someone with syntactic aphasia has trouble arranging words in their proper grammatical sequence. The best-known forms of aphasia are Wernicke’s and Broca’s aphasia. In Wernicke’s aphasia, language comprehension is impaired but speech production is not (although speech tends to be error-laden). In Broca’s aphasia, language comprehension is good, but speech is limited and labored at best.

  Dyslexia is typically a developmental reading disability in an otherwise intelligent child or adult who is motivated to read and who has had adequate schooling. Dyslexia is not a generalized language defect, but a specific localized functional deficiency in the brain areas that process the sounds of language (phonemes). This results in difficulty in fluent word recognition, decoding, and spelling, which may lead to problems with reading comprehension and vocabulary development. Recent advances suggest that although it isn’t an easily cured condition, early diagnosis and intense intervention can materially improve the reading capabilities of people with dyslexia.

  Agraphia is the loss of writing ability, even though arm and hand movements are unimpaired. As with aphasia, an agraphic impairment can be quite specific. Someone with apraxic agraphia can orally spell words but can’t easily write them; someone with spatial agraphia can’t arrange text properly on a page. See Figure 6.

  See also Agnosia, Broca’s Area, Language, Wernicke’s Area

  Arachnoid Mater (a-RACK-noid MAH-ter). See Meninges

  Arcuate Fasciculus (ARK-u-ate fah-SICK-u-lus)

  A (typically) left-hemisphere axon pathway that processes language. It originates in neurons in Wernicke’s area in the Temporal lobe, passes through the angular gyrus, and connects with Broca’s area neurons in the frontal lobe. It thus moves language from the original thought impetus to the frontal lobe language production areas.

  Think of it as being analogous to a transportation route that takes raw materials to a production site. See Figure 6.

  See also Angular Gyrus, Broca’s Area, Wernicke’s Area

  Arts

  A celebration of conscious human skill and production that elevate ordinary behaviors or objects into something aesthetically extraordinary and transcendent. George Bernard Shaw suggested that we use a mirror to see our face and the arts to see our soul.

  Artifacts from early human societies suggest that the arts were always cognitively important. If the arts hadn’t been important, people wouldn’t have expended the considerable time and energy it took to decorate clothing and tools and to make nonfunctional artistic objects (such as necklaces), given the primitive tools and materials available to them.

  The arts have endured, and so we’ve also learned much about later cultures via their art. Anouilh, Bach, Cezanne, Da Vinci, and the rest of the arts alphabet live on in today’s theaters, concert halls, and museums.

  So why would communities who laud their architecture, museums, musical organizations, and theaters reduce or even eliminate their school arts programs that a quarter of a century ago were staffed by trained professionals? Do folks who enjoy choir music in church think that singing in choral parts is innate? Do small communities struggling for identity realize that their school arts program is just about the only live culture in the area?

  What occurred was the emergence of a politically powerful but biologically naïve belief that it is necessary and possible to create an efficient, inexpensive, one-size-fits-all assessment program that precisely measures all the learned behaviors of an imprecise brain.
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