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Chapter 1: The Development of Neuropsychology
Traumatic brain injury (TBI) – a wound to the brain that results from a blow to the head.
Neuropsychology – the study of the relation between behaviour and brain function; draws information from anatomy, biology, biophysics, ethology, pharmacology, physiology, physiological psychology, and philosophy. It is strongly influenced by two traditional foci of experimental and theoretical investigations into brain function: the brain hypothesis and the neuron hypothesis.
Brain hypothesis –the idea that the brain is the source of behaviour.

Neuron hypothesis –the idea that the unit of brain structure and function is the neuron (nerve cell).
Brain –Old English word for the tissue found within the skull; has two almost symmetrical halves (hemispheres).
Cerebrospinal fluid (CSF) –salty fluid that cushions the brain and may play a role in removing metabolic waste.

Cerebral cortex –most distinct outer feature of the brain; the crinkled tissue that is expanded from the front of the tube to an extent that it folds over and covers much of the rest of the brain.
Gyri –folds of the cortex.

Sulci –creases between the folds of the cortex (gyri).

Longitudinal fissures –large sulci dividing the two hemispheres.

Lateral fissure –divides each hemisphere into halves. Fist analogy: lateral fissure is like the crease separating the thumb from the other fingers.
Forebrain–mostly constituted by cerebral cortex; developed from front part of tube that makes up an embryo’s primitive brain.

Brainstem –remaining “tube” underlying cortex.

Spinal cord –connected to the brain stem; descends down the back in vertebral column.

Central nervous system (CNS) – the brain and spinal cord together; connected through rest of body through nerve fibres.
Peripheral nervous system (PNS) – nerve fibres that carry information to/away from CNS.

Sensory pathway – collections of fibres that carry messages for specific sensory systems, like hearing, vision and touch.
Somatic nervous system (SNS) – a subdivision of the PNS in which sensory pathways carry information collected on one side of body mainly to cortex in the opposite hemisphere.

Motor pathways – groups of nerve fibres that connect brain and spinal cord to body’s muscles through SNS

Autonomic nervous system – a subdivision of the PNS which are the pathways that control internal organs 
Pineal gland – part in controlling biorhythms; small structure high in brainstem that is not composed of two bilaterally symmetrical halves and is located close to the ventricle; “pineal body” (Descartes)
Dualism – position that mind and body are separate but interact to indicate that behaviour is caused by two things

Mind-body problem – difficulty in understanding how a nonmaterial mind can produce movements in a material body , while a person is still capable of being conscious and rational because the existence of the mind

Materialism – the idea that rational behaviour can be fully explained by the working of the nervous system without any need to refer to a nonmaterial mind

Localization of function – theory proposed by Gall on how the brain might produce differences in individual abilities
Phrenology – study of the relation between the skull’s surface features and a person’s faculties; phrenological map is the map of the relation between brain functions and the skull surface

Lateralization – property where functions could be localized to a side of the brain

Broca’s area – anterior speech region of the brain

Broca’s aphasia – syndrome that results from damage to the Broca’s area
Conduction aphasia – speech deficit that Wernicke predicted, caused by disconnection of arcuate fibers. Speech sounds and movements are retained but speech is still impaired.

Alexia – word blindness, a disconnection between visual area of the brain and Wernicke’s, causes the inability to read.

Apraxia – inability to make sequences of movements; disconnection of motor areas from sensory. 
Distributed hierarchy – an expression used encompassing Hughlings-Jackson’s idea where the nervous system was organized as a functional hierarchy.

The binding problem – expresses the puzzle that although the brain analyzes sensory events through multiple, parallel channels, that do not converge on a single brain region, we perceive a unified representation of our experience.

Visual form agnosia – the inability to recognize objects visually by their shape. Patient D.F. was able to see color, and identify objects by the color, but unable to recognize them by shape; inability to distinguish vertical/horizontal lines. 

Visual ataxia – the ability to describe objects accurately but making errors in reaching for them.
PORTRAIT: Traumatic Brain Injury 

· L.D. (21 years old) fell down five flights of stairs and struck his head against the stairs and wall as he fell after drinking and becoming ill at a pub
· Unconscious then hospitalized; Glasgow Coma Scales rating of 3; computerized tomography (CT) revealed bleeding and swelling on both sides of brains, therefore two craniotomies (skull removal) were done

· Discharged after one month: memory of only entering pub then hospitalized for 3 weeks

· First neuropsychological evaluation: test scores normal, however impaired on tests of verbal memory and attention; next 4 years, more neuropsychological tests taken by L.D.

· Unable to multitask, became frustrated and annoyed easily, lost sense of smell and taste, lost interest in socializing
· Neuropsychological exams showed same results as first

· Magnetic resonance imaging (MRI) – diffuse damage to both sides of L.D.’s brain

· Able to live on his own, pack boxes at job at grocery store, excelled at golf 
The Brain Hypothesis
· People knew what the brain looked like long before they knew what it did

· Brains of animals and humans look the same, though they vary in size

· Within past 2000 years, anatomists began making drawings of brain and naming them without knowing what functions the brain and its part perform
What is the brain?

· One’s fist can serve as a guide to the orientation of the brain and its lobes within the skull
· Fist analogy:  occipital lobe (wrist), parietal lobe (knuckles), frontal lobe (fingers), temporal lobe (thumb), cerebellum (inside of palm closest to wrist), brainstem (heel of the hand), spinal cord (arm)
· Cortex of each hemisphere is divided into four lobes, named after the skull bones beneath which they lie
· Brain’s hemispheres are connected by pathways called commissures, the largest of which is the corpus callosum
· Three-part division of brain is conceptually useful evolutionarily (animals with spinal cords preceded those with brainstems, which preceded those with forebrains), anatomically (in prenatal development, spinal cord forms before brainstem, which forms before forebrain), and functionally (forebrain mediates cognitive function; brainstem mediates regulatory functions like eating, drinking, and moving; spinal cord responsible for sending commands to muscles)
· Functions performed in forebrain referred to as higher functions because includes thinking, perception and planning
· Regulatory and movement-producing functions of brainstem and spinal cord are referred to as lower-level functions
How is the Brain Related to the Rest of the Nervous System?

· Brain and spinal cord in mammals are protected by bones: skull protects the brain; vertebrae protect spinal cord 

· After damage to CNS, lost tissue does not regenerate; PNS tissue will re-grow after damage

· Nerve fibres bringing information to CNS extensively connected to sensory receptors on body’s surface, to internal organs and to muscles, therefore brain senses our surroundings and what goes on within our bodies
· Brain uses information collected in SNS to construct its current images of world, its memories of past events and its expectation of future
· Movements produced by motor pathways include eye movement, hand movements, and the posture of one’s body

· Parts of cortex produce movement mainly use motor pathways to muscles on opposite side of body

· Sensory and motor pathways influence muscles of internal organs like the heart beating, stomach contractions, lowering and raising of diaphragm/inflation and deflation of lungs

· Anatomical division of human nervous system: Nervous system broken down into CNS and PNS; CNS broken down into brain and spinal cord; PNS broken down into SNS and ANS

The Brain versus the Heart

· Oldest surviving recorded hypotheses of two Greeks, Alcmaeon of Croton (ca. 500 BC) and Empedocles of Acragas (ca. 490-430 BC); Alcmaeon located mental processes in the brain and so subscribed it to the brain hypothesis; Empedocles located them in the heart and so subscribed them to what would be called the cardiac hypothesis
· Physicians, Hippocrates  (Greek) and Galen (Roman) described aspects of the brain’s anatomy and strongly argued for the brain hypothesis; Galen: surgeon and witnessed behavioural consequences of TBI/traumatic brain injury; refuted the cardiac hypothesis: brain damage impairs function but also nerves from sense organs go to brain and not to heart; pressure on brain causes the cessation of movement and even death, whereas as pressure on heart causes pain but does not arrest voluntary behaviour
· Now we accept the brain hypothesis, however the cardiac hypothesis has left a mark on our language, in literature (everyday speech) and emotions are also ascribed to the heart
Aristotle: The Mind
· Greek philosopher that was the first to develop a formal theory of behaviour

· Psyche responsible for human thoughts, perceptions, and emotions (imagination, opinion, desire, pleasure, pain, memory, and reason) and is independent of the body but works through the heart to produce action (Aristotle’s view)
· Mind, Anglo-Saxon for memory; psyche when translated to English, became mind
· Mentalism, “of the mind”, was the philosophical position in which a person’s mind is responsible for behaviour; great influence on modern neuropsychology: terms like sensation, perception, attention, imagination, emotion, memory, and volitation; today they are still used as labels for patterns of behaviour; influenced people’s ideas abou how brain might work (although minf was proposed to be nonmaterial and have no parts, brain was thought to work as a whole; idea later used as argument against other proposals that different parts of brain have different functions) 
Descartes: The Mind-Body Problem 
· René Descartes (1596-1650), a French anatomist and philosopher who described a relation between the mind and the brain, and proposed the body is machine-like. It is material and has spatial extent, and it responds mechanically and reflexively to events that impinge on it
· “the mind, working through the pineal body (today known as the pineal gland), controlled valves that allowed CSF to flow from the ventricles through nerves to muscles, filling them and making them move” and the cortex was not functioning neural tissue but merely a covering for the pineal body ( later dismissed because when pineal is damaged there are no obvious changes in behavior

· Dualism – some dualists argue that mind and body interact causally, however could not explain how because that would require the body to expend energy, which defies the law of physics. Others say the mind and body function in parallel without interacting or that the body can affect the mind, but the mind cannot affect the body. Monists avoid the mind–body problem by postulating that the mind and body are simply a unitary whole.

· Animals do not have minds, along with children who have not reached the age 7, where they can speak and reason, and the mentally ill, who have “lost their minds”

· Key presence of a mind: use of language and reason

Darwin and Materialism
· Middle of 19th century: materialism, the idea that rational behavior can be fully explained by the working of the nervous system without any need to refer to a nonmaterial mind (roots in the evolutionary theories of two English naturalists, Alfred Russell Wallace (1823–1913) and Charles Darwin (1809–1892))
· Living things must be related and led to the idea that the similarities could be explained if all animals evolved from a common ancestor
· On the Origin of Species by Means of Natural Selection, argued that all organisms, both living and extinct, are descended from some unknown ancestor that lived in the remote past (common descent) and descendents changed through structural and behavioral adaptations to its new habitats, however they retained many similar characteristics that reveal their relatedness to one another (i.e. the nervous system; brain)
Experimental Approaches to Brain Function 

Localization of Function

· Different parts of the nervous system have different functions

· The first general theory presented by German anatomist Franz Josef Gall (1758–1828) and his partner Johann Casper Spurzheim (1776–1832)

· Gall and Spurzheim proposed that the cortex and its gyri were functioning parts of the brain and not just coverings for the pineal body (evidence: dissection of brain’s most distinctive motor pathway, the cortico-spinal (cortex to spinal cord) tract, which lead from the cortex of each hemisphere to the spinal cord on the opposite side of the body) and cortex produces behavior through the control of other parts of the brain and spinal cord through the corticospinal tract

· Recognized that the two symmetrical hemispheres of the brain are connected by the corpus callosum and can thus interact

· Localization of function (Gall)- general theory of how the brain might produce differences in individual abilities, i.e. a well-developed memory area of the cortex located behind the eyes would cause the eyes to protrude; a bump on the skull indicated a well-developed underlying cortical gyrus and therefore a greater capacity for a particular behavior; a depression in the same area indicated an underdeveloped gyrus and a concomitantly reduced faculty. Thus, just as a person with a good memory had protruding eyes, a person with a high degree of musical ability, artistic talent, sense of color, combativeness, or mathematical skill would have large bumps in other areas of the skull. 

· Phrenology (Spurzheim) – the study of the relation between the skull’s surface features and a person’s faculties 

· Gall and Spurzheim went to considerable effort to gather evidence for their theory; they studied 50 different species and even human behavior however Gall placed no emphasis on evidence from cases of brain damage, even though he is credited with giving the first complete account of a case in which left-frontal-lobe brain damage was followed by loss of the ability to speak. 

· Developed a method called cranioscopy, where a device was placed around the skull to measure the bumps and depressions there. These measures were then correlated with the phrenological map to determine the person’s likely behavioral traits; however cranioscopy and the entire phrenological endeavor was disrepute because most of its practitioners produced extremely superficial personality analyses. Also there were many intrinsic problems with it like how the faculties described in phrenology—characteristics such as faith, self-love, and veneration—are impossible to define and to quantify objectively and that the superficial features of the skull reveal little about the underlying brain. 
Localization and Lateralization of Language
· Jean Baptiste Bouillaud (1796–1881) argued from clinical studies that certain functions are localized in the cortex and, specifically, that speech is localized in the frontal lobes, in accordance with Gall’s theory.

· Bouillaud suggested that actions carried out by the right side of the brain might be controlled by the left hemisphere; damage to a hemisphere of the brain impaired movement of the opposite side of the body. 

· Marc Dax – clinical cases demonstrating that disorders of speech were constantly associated with lesions of the left hemisphere. 

· Ernest Auburtin, Bouillaud’s son-in-law, reported the case of a patient who lost the ability to speak when pressure was applied to his exposed frontal lobe and studied a patient,named Bache, who had lost his speech but understood everything said to him and replied with signs in a very intelligent manner to all questions put to him. Based on the symptoms, patient diagnosed with softening of the anterior lobes. 
· Paul Broca (1824–1880), founder of the Anthropological Society of Paris, received a patient, Monsieur Leborgne (a.k.a. Tan) , with symptoms similar to Auburtin’s, who had lost his speech and was able to say only “tan” and utter an oath, had paralysis on the right side of his body but in other respects seemed intelligent and normal. 
· Broca and  Auburtin examined Tan together  and found that the focus of Tan’s lesion was the left frontal lobe

· Broca did eight more cases and in all instances, the lesion was in the posterior third of the third frontal convolution and all the patients had their lesion on the left side. 
· As a result of his studies, Broca located speech in the third convolution (gyrus) of the frontal lobe on the left side of the brain, therefore demonstrating language was localized, so different regions of the cortex could have specialized functions.  And that functions could be localized to a side of the brain, a property that is referred to as lateralization. 
· Speech is thought to be central to human consciousness, so the left hemisphere is frequently referred to as the dominant hemisphere, to recognize its special role in language. 
· Broca’s anatomical analysis was criticized by French anatomist Pierre Marie, who reexamined the preserved brains of Broca’s first two patients, Tan and Monsieur Lelong, 25 years after Broca’s death ( third left frontal convolution plays no particular role in the function of language: Lelong’s brain showed general nonspecific atrophy, common in senility, and Tan had additional extensive damage in his posterior cortex that may have accounted for his aphasia. Broca had been aware of Tan’s posterior damage but concluded that, whereas it contributed to his death, the anterior damage had occurred earlier, producing his aphasia. Pierre Marie’s criticism aside, Broca’s demonstration of localization and lateralization of function became the dogma of neuropsychology for the next hundred years
Sequential programming and disconnection
· Strict localizationists are people who believe in broca’s findings.

· Wernicke aware that auditory cortex located in temporal lobe behind Broca’s area. Suspects relation of hearing and speech. Used cases of damage in patients which gave him:

· Damage was evident in the first temporal gyrus
·  No opposite side paralysis observed. (broca’s was often associated with paralysis)

·  Patients could speak fluently, but made little sense. (Broca’s patients could not articulate.)

·  Patients were able to hear, but could not understand or repeat what was said.

· This disproved the strict localizationist view.

· Wernicke’s syndrome is called temporal lobe aphasia or fluent aphasia or Wernicke’s aphasia.

· Also provided the first model for language organization in left hemisphere, first modern model of brain function.
· In wernicke’s, auditory ideas are sent through pathways called arcuate fasciculus (Bow, band of tissue) leading to the Broca’s area, for speech movements. The instructions are then sent to muscles to control mouth movement.
· Temporal damage will allow for speech movements but nonsensical speech. Broca’s aphasia does not give a loss of understanding.
· Conduction aphasia speech deficit that Wernicke predicted, caused by disconnection of arcuate fibers. Speech sounds and movements are retained but speech is still impaired.
· Alexia is word blindness, a disconnection between visual area of the brain and Wernicke’s, causing the inability to read.
· Apraxia is the inability to make sequences of movements. Disconnection of motor areas from sensory.
Loss and Recovery of function
· The study of how beings recovered function challenged localization.

· Flouren experimented by removing parts of the brains of animals, and studying changes in behavior.

· Removal of cortex piece caused animals to neglect eating and drinking, but through time were able to recover to a seemingly normal pace.
· Brainstem is important for breathing.

· Cerebellum coordinates locomotion.

· Golts confirmed Flouren’s findings. Did experiments removing large portions of cortex in dogs. One dog spent less time sleeping and waking than normal. Acted normally otherwise. Response thresholds were elevated, sense were less accurate. 
· Thus removal of cortex reduces functions rather than eliminating.
Hierarchical organization and Distributed systems in the brain.
· Disagreement between localization of function was resolved by hierarchical organization.

· A concept of brain function. Proposed by John Hughlings-Jackson.

· Proposed that the nervous system was organized as a functional hierarchy. Where each successively higher level controlled more-complex aspects of behavior and did so by means of the lower levels.

· Damage affecting higher levels would cause dissolution.

· The effect that the behaviors would still be in tact but much simpler.

· Every part of the brain might contribute to behavior.
· Distributed hierarchy is an expression used encompassing Hughlings-Jackson’s idea.
The Binding Problem
· Scoville would remove medial parts of the temporal lobes from patients for epilepsy treatments. It stopped epilepsy but lead to Amnesia.

· The patient remembered anything before surgery, but was unable to form new memories longer than a few seconds or minutes.

· There are many neural structures that encode memories separately and in parallel.

· The patient was able to learn motor skills but unable to remember doing so.

·  The patient could remember faces but not emotional experiences.

·  This prompted the idea that amnesia suggests that when people have memorable experiences, they encode different parts of the experience in different parts of the brain concurrently. (Experience in one portion, Emotion in another, etc,.)
· The binding problem expresses the puzzle that although the brain analyzes sensory events through multiple, parallel channels, that do not converge on a single brain region, we perceive a unified representation of our experience.
The Split Brain 
· 2 Neurosurgeons (Bogen and Vogel) cut the corpus callosum in seizure patients. Effective surgery. Studied these patients, found that the right hemisphere was found to comprehend words spoken aloud, read printed words, point to corresponding objects or pictures in an array, and match presented objects or pictures correctly from spoken to printed and vice versa.

· Further findings showed each hemisphere had higher functions.

· Each hemisphere has different modes of cognitive processing.

· Left hemisphere dominant in spoken language, analytical and sequential actions.

· Right hemisphere is superior cerebral member in mental tasks entailing spatial and synthetic acts. (reading faces, discriminating and recalling shapes, sorting shapes)
Conscious and Unconscious Neural streams
· Visual form agnosia is the inability to recognize objects visually by their shape. Patient D.F. was able to see color, and identify objects by the color, but unable to recognize them by shape. Inability to distinguish vertical/horizontal lines.
·  Visual ataxia is the ability to describe objects accurately but making errors in reaching for them.

·  Agnosia occurs in neural pathway: ventral stream.              
· Optic Ataxia are in neural structure from visual to parietal cortex ( Dorsal stream.

· Goodale and Milner proposed that ventral streams mediated actions controlled by conscious visual perception.

· Proposed that the dorsal stream was for actions controlled by the unconscious visual perception.
The Neuron Hypothesis
Nervous system cells
· Neurons and Glia.
· Neurons enable acquiring of information, processing, and acting on them.
· Glial cells help neurons, hold them together. Providing supporting functions (waste removal).
· Neurons are composed of dendrites, axons, and a cell body, and have 1 axon and many dendrites.

Identifying the neuron
· Shwann theorized that cells are the basic structural unit of the nervous system.

· Golgi found a way to impregnate tissues with silver nitrate allowing for the cell’s entirety to be encrusted in silver. The entire neuron could be visualized for the first time.

· Golgi and cajal interpreted their observations in different ways.

· Golgi proposed neurons were interconnected and formed nets.

· Cajal proposed neurons were autonomous, providing the basis for functional specialization.

· 20th century microscopes support Cajal’s hypothesis fully.

Relating electrical activity in Neurons to behavior.
· Galvani found that electrical stimulation to frog’s nerves caused muscle contractions.

Fritsch and Hitzig experimented by placing an electrode and passing electrical current through the tip, exciting the tissue. Cortex was selectively excitable
· Frontal lobe excitation produced movement on the opposide side of the body.

· Parietal lobe produced no movement.

· Restricted stimulation of frontal lobe elicited specific body movements.

· This lead to the study of topographic organization.

· Similar experiments can now be done by transcranial magnetic stimulation (TMS), which does not use electrode into the brain. It is non-invasive.

Connections between Neurons as the Basis of learning.
· Hodgkin and Huxley investigated how neurons conduct information. Explaining that neurons generate brief electrical changes that are conveys along neuron axons.

· Sherrington experimented and found theorized that neurons are connected by junctions and that additional time is required for message to get across the junction. These are synapses.
· Loewi found that chemicals carry messages across synapses.

· Hebb proposed a learning theory stating that, when individual cells are activated at the same time, they establish connecting synapses or strengthen existing ones, becoming a functional unit.

· These strengthened connections or new ones called Hebb or plastic synapses, are the structural base for memory.

Contributions to Neuropsychology from Allied Fields.
· Psychometrics is the science of measuring human mental abilities.
Neurosurgery.
· Trephining – Hippocrates gave written directions for this, it is cutting a circular hole in the skull, on the side of the head at the site of the injury, to release pressure from brain swelling.

· Development of neurosurgery as a practical solution to some types of brain abnormalities in human => example: Surgeons would draw a map of lesion, and sometimes after stimulating the surrounding tissue electrically would find the extent of the damage.

Psychometrics and statistical evolution.
· IQ mental age divided by chronological multiplied by 100 (MA/CA * 100)
Brain imaging
·  Computerized tomography (CT) scanning with X-rays through head. Brain injuries can be visualized. Darker colors => dead cells which contain more water. Can produce a 3D image of the region of brain injury.

·  Positron emission tomography (PET) Injection of radioactive substances that decay in bloodstream so they reach brain, giving off photons detected by counters placed around head. (i.e. Radioactive oxygem administered will allow us to see brain parts that use more oxygen). Good for seeing parts of brain engaged in regular behavior.

· Magnetic resonance imaging (MRI) Calculates the location of moving molecules by detecting the electrical charge generated by their movement. Can reveal excellent imaging of brain. MRI can determine Oxygen and CO2 concentrations.

