CHAPTER 1:

THE NATURE OF PSYCHOLOGY

· Psychology: the scientific study of behaviour and the factors that influence it.

· Psychologists use the term behaviour very broadly to refer both to actions that we can observe directly and to inner processes 

· Psychologists take into account biological, individual, and environmental factors

Psychology as a Basic and Applied Science

· Basic research: the quest for knowledge purely for its own sake. Used to describe how people behave and to identify the factors that influence or cause a particular type of behaviour. 

· Applied research: designed to solve specific practical problems. Uses principles discovered through basic research to solve practical problems. 

· Goals of Psychology:
1. to describe how people and other animals live
2. to explain and understand the causes of these behaviours
3. to predict how people and animals will behave under certain conditions
4. to influence or control behaviour through knowledge and control of its causes
    to enhance human welfare

· Successful prediction and control are the best ways for us to know whether we truly understand the causes of behaviour

PERSPECTIVES ON BEHAVIOUR

· psychologists consider potential causes for behaviour at three different levels of analysis: biological, psychological, and environmental

· these diverse viewpoints, or perspectives, serve as lenses through which the world of behaviour is viewed, and they reflect and shape our conception of human nature

· six major perspectives characterize modern psychological thought. They are the biological, cognitive, psychodynamic, behavioral, humanistic, and sociocultural perspectives 

The Biological Perspective:

· Many ancient Greek philosophers believed in mind-body dualism, the belief that the mind is a spiritual entity not subject to the physical laws that govern the body

· Monism: belief that the mind is not separate, and the mind and body are one, and mental events are simply a product of physical events

· The biological perspective focuses on the physical side of human nature

· Emphasizes the role of our highly developed brain; the biochemical processes that underlie our every thought, emotion, and action; and the manner in which genetic factors influence the development and behaviour of human organisms 

· Late 1700’s – Luigi Galvani made discovery of “nervous energy”

· Early 1900’s – Karl Lashley – created lesions (damage) in specific brain regions and studied their effects on the learning and memory abilities 

· 1929, the invention of the electroencephalogram (EEG) allowed researchers to measure the electricity activity of large areas of the brain through electrodes attached to the scalp

· biochemical research has shown that the brains electrical activity is controlled by chemical substances released by nerve cells. the role of these neurotransmitters substances in both normal and abnormal behaviour is one of the most important areas of current research

Evolution and Behaviour:

· Darwin was struck by many differences between seemingly similar species that lived in different environments. He began to view these differences in ways in which the species had adapted to these environments

· In his theory of evolution Darwin proposed that species evolve over time in response to environmental conditions through a process called natural selection, or “survival of the fittest”

· Natural selection: any inheritable characteristic that increases the likely hood of survival will be maintained in a species, because individuals having the characteristic will be more likely to survive and reproduce

· Evolutionary psychology: emerging discipline that focuses on the role of evolution and the development and human behaviour. Psychologists int his field stress that an organism biology determines its behavioral capabilities, and its behaviour (including its mental abilities) determines whether or not it will survive

· Sociobiology: holds that complex social behaviours are also built into the human species as products of evolution. These social behaviours include: aggression, competition and dominance in males, and cooperative and nutritive qualities in females 

· The major point is that, in the eyes of sociobiologists, ones genetic survival, (ie the transmission of ones genes) is more important than ones own physical survival. This principal can explain certain humane behaviours including giving up ones life to save children or relatives 

Behaviour Genetics:

· our development and behaviour are effected by the genetic blueprint with which we are born

· Behaviour genetics: the study of how behavioural tendencies are influenced by genetic factors 

· Animals can be bread selectively not only for physical traits, but also for behavioural traits such as aggression or intelligence. This is done by allowing highly aggressive or very bright males and females to mate with one another over a number of generations

· Identical twins who result from the splitting of a fertilized egg and therefore have exactly the same genetic makeup are far more similar to one another on many behavioural traits than are fraternal twins

The Cognitive Perspective:

· Cognitive perspective: views humans as information processors and problem solvers whose actions are governed by thought and planning

· The cognitive perspective causes us to ask how mental processes influence our motives, emotions and behaviour 

Structuralism:

· Wilhelem Wundt – German scientist who wanted to model thte study of the mind after the physical and biological sciences

· He believed that the mind could be studied by breaking it down into its basic components or structures, therefore known as structuralism

· Structuralism: the analysis of the mind in terms of its basic elements 

· The structuralist believe that sensations are the basic elements of consciousness and study sensations through method of introspection: looking within  

Functionalism:

· holds that psychology should study the functions, the whys, of conciousness, rather than its structure, the whats 

· functionalism was influenced by darwins evolutionary theory

· functionalism endures in modern day society as an emphasis on how the mind processes information and directs our behaviour

· it is seen also in evolutionary psychology’s focus on the origins of adaptive behaviour.

Gestalt Psychology:

· can be translated as “whole” or “organization”

· Gestalt psychology was concerned with how elements of experience are organized into wholes 

· This was the opposite of the view taken by structuralists 

· Gestalt psychologists argued that our perceptions and other mental processes are organized so that the whole is not greater than, but also quite different from, the sum of its parts

· Believed that this tendency to perceive wholes is like other forms or perceptual organization built into our own nervous system

· Woolfgang Kohler – one of the leaders of Gestalt psych, concluded that the ability to perceive relationships is the essence of what we call “intelligence”

· Defined insight as the sudden perception of a useful relationship or solution to a problem, a kind of “Aha!” experience

· Gestalt psychs demonstration of insight learning in both animals and humans stimulated new interest in cognative topics such as perception, problem solving and intelligence

Piaget: Cognitive development in children

· Piaget was concerned with how the mind and its development contribution to our ability to adapt to our environment 

· Piaget’s primary technique was to carefully observe children as they tried to solve problems. He then tried to imagine how they must have experienced the situation, in order to respond as they did

· Piaget concluded that new and specific stages of cognitive development unfolded naturally as children mature 

· The stages that naturally unfold represent fundamentally different ways of learning about and understanding the world

Cognitive approaches to psychological disorders:

· by emphasizing the fact that distress and maladaptive behaviour are caused by external situations, but by the ways we think about those situations and developing ways of helping people to change self-defeating thought habits.

Modern Cognitive Science:

· today’s cognitive science has link with computer science, linguistics, biology, and mathematics.

· one area of cognitive science, artificial intelligence, develops computer models of complex human thought, problem solving, and reasoning 

· cognitive scientists are interested in how people produce and recognize speech and how creative solutions are produced. 

· An important melding of the biological and cognitive perspectives has resulted in a new area called cognitive neuroscience, in which scientists use sophisticated electrical recording and brain imagining techniques to eavesdrop on the brain as people engage in mental activities 

Social Constructivism:

· a highly influential viewpoint within the cognitive perspective 

· its supporters maintain that we consider reality is our own mental creation.

· According to these theorists little shared reality exists apart from what groups and people socially construct through the subjective meaning they give to their experiences

The Psychodynamic Perspective

· searches for the causes of behaviour inside the workings of our personality

· emphasizes the role of unconscious processes and unresolved conflicts from the past

· the first and most important psychodynamic theory was Freud’s theory of psychoanalysis 

Psychoanalysis

· Freud emphasized the role of complex psychological forces in controlling behaviour

· Psychoanalysis: the analysis of internal unconscious psychological forces

· Focused his attention on the treatment of hysteria, a psychological disorder in which physical symptoms such as blindness, pain, or paralysis develop without an apparent cause
· Found patients consistently reported long forgotten childhood sex experiences

· However, argued that people cannot always tell the difference between memory representations of real as opposed to imagined events

· Thought women were making it up because of sexual frustration

· Often found them making “Freudian slips”, sexual slips of tongue

· Believed we influenced by forces which we are unaware of (unconscious)

· Believed in repression, which protects us by keeping anxiety-arousing impulses, feelings, and memories in the unconscious depths of the mind

The Behavioural Perspective

· the behavioural perspective focuses on the role of the external environment in shaping and governing our actions. 

· Believe people’s behaviour is jointly determined by learned habits fashioned by their previous life experiences and by stimuli in their immediate environment

· Emphasis is placed on the effect of rewards and punishment in shaping behaviour

Origins

· British empiricism, believed all ideas and knowledge are gained empirically – that is, through the senses

· Humans are born as a tabula rasa – a blank tablet – then shaped by their environment

· Maintained that observation is a more valid approach to knowledge than is reason – seeing is believing

Behaviourism

· in the 1920s, behaviourism, a school of thought that emphasizes environmental control of behaviour through learning, emerged as an alternative to the cognitive and psychodynamic perspectives

· John B. Watson was the leader of the movement

·  Argued that the proper subject matter of psych was observable behaviour, not inner workings

· believed humans could be controlled completely by manipulating their environment

· behaviourists devoted their efforts to discovering the laws that govern learning and performance

· the leading modern figure in behaviourism was B. F. Skinner, who insisted that a person does not act upon the world, the world acts upon him

· Skinner maintained that an environment could be manipulated through rewards and punishments

· Behaviourism inspired powerful techniques of behaviour change that were known collectively as behaviour modification

· Effective in altering problem behaviours and increasing the frequency of positive behaviours through alterations in environmental factors

Cognitive Behaviourism

· an attempt to bridge the gap between the behavioural and cognitive perspectives and to combine them in a more comprehensive theory

· Albert Bandura promotes the view that the environment exerts its effects on behaviour not by automatically affecting behaviour, but rather by affecting our thoughts. In this view, learning experiences and the environment affect our behaviour by giving us the info we need to behave effectively

· Also stress that we can learn new behaviours by observing the actions of others and storing this info in memory. We can imitate and reproduce these behaviours when we believe they will be suitable 

· These theorists also maintain that our mental abilities allow us to control our won behaviour and thereby influence our environment

The Humanistic Perspective

· arose largely out of philosophical schools that emphasize free will, innate tendencies toward growth, and the attempt to find ultimate meaning in one’s existence 

· emphasize the role of internal personality processes, but in contrast to the psychoanalytic emphasis on unconscious determinants of behaviour, humanists stress the importance of conscious motives, freedom, and choice

· humanistic theorists believe that in every human being there is an active force toward growth and self-actualization, the reaching of one’s individual potential 

· when the human personality unfolds in a supportive  environment that allows these creative forces to run free, the positive inner nature of a person emerges

· human misery is fostered by environments that frustrate the innate tendencies toward self-actualization

· according to terror management theory, an innate desire for continued life, combined with the human awareness of death, creates an anxiety called existential terror

· thus, people who see themselves living up to their culture’s values score higher on measurements of self-esteem and report lower death anxiety

The Sociocultural Perspective

· every person has his or her individual learning history, but each of us is also embedded in a larger culture that helps shape who we are

· focuses on the manner in which culture is transmitted to its members and on the similarities and differences that occur among people from diverse cultures

· culture refers to the enduring values, beliefs, behaviours, and traditions that are shared by a large group of people and are passed on from one generation to the next

· norms are rules that specify what is acceptable and expected behaviour for members of that group

· the fact that norms can differ widely from culture to culture introduces another environmental factor that must be considered if we are to understand the causes of behaviour

· cultures introduce order and a particular world view into a social system, thus creating predictably, guidelines for thought and behaviour, and a kind of map for living our lives

· culture also provides an expression of a people’s way of being through art, literate, and the development of knowledge

· most industrialized cultures promote individualism, an emphasis on personal goals and a self-identity

· in contrast, many cultures in Asia, Africa, and South America promote collectivism, in which individual goals are not important 

Chapter 2: Studying Behaviour Scientifically 
SCIENTIFIC PRINCIPLES IN PSYCHOLOGY

· curiosity, skepticism and open-mindedness are driving forces behind scientific inquiry 

Scientific Attitudes:

· the immediate environment powerfully influences behaviour

· in the example of bystander apathy, scientists concluded that the presence of multiple bystanders make a diffusion of responsibility ( each thinks someone else will do something

Gathering Evidence:

· the following are the steps through which gathering scientific evidence often proceeds:

1. Initial observation/question

2. Form hypothesis

3. Test hypothesis (conduct research)

4. Analyze data

5. Further research and theory building (additional studies to support the hypothesis and build a theory ( a theory is a set of formal statements that explains how and why certain events are related)

6. New hypothesis derived from theory (the theory is tested directly by forming a new hypothesis and conducting new research)

Two Approaches to Understanding Behaviour:

Hindsight Understanding:

· in everyday life, after-the-fact (hindsight) explanation is our most common method of trying to understand behaviour

· the major limitation of relying solely on hindsight understanding is that past events usually can be explained in many ways, and there is no sure way to determine which is correct

· despite this drawback, hindsight understanding can provide valuable insight, and is often the foundation on which further scientific inquiry is built

Understanding through Prediction, Control, and Theory Building

· if we understand the causes of a given prediction we can predict conditions under which the behaviour occurs, and control those conditions to produce that behaviour

· theory development is the strongest test of scientific understanding 

· good theories have an integrated network of predictions, and follow several characteristics:
1. incorporates existing facts and observations within a single broad framework.  In other words, it organizes info in a meaningful way
2. it is testable. It generates new hypotheses – new specific predictions – whose
    accuracy or inaccuracy can be evaluated by gathering new evidence
3. the predictions made by the theory are supported by the findings of new
    research
4. it conforms to the law of parsimony: if two theories can explain and predict
    the same phenomena equally well, the simpler theory is the preferred one

· even when a theory is supported by many successful predictions, it is never considered an absolute truth

· the displacement of old beliefs and theoretical frameworks by new ones is the essence of science

Defining and Measuring Variables

· Variable: any characteristic that can differ

· Can include memory, personality, intelligence, stress, learning, and motivation

· However, these words mean different things for different people, making them impossible to measure

· Operational Definition: defines a variable in terms of the specific procedures used to produce or measure it. Translates an abstract term into something observable and measurable

Self-Report Measures

· ask people to report on their knowledge, beliefs, feelings, experiences and behaviours

· info can be gathered in interviews, questionnaires, or tests

· when questions focus on subjects such as drugs or sex, respondents tend to skew results based on social desirability bias: the tendency of participants to give an answer that gives a good impression rather than one that reflects how they truly feel or behave

· must try and word question in a way that makes social desirability irrelevant, or if not possible, guaranteeing respondents anonymity/confidentiality 

Reports by Others

· parents, spouses, and teachers who know a person can provide useful info about them

Physiological Measures

· measure what is happening inside the body

· can examine heart rate, blood pressure, respiration rate, and hormonal secretions 

Behavioural Observations

· usually need to develop coding systems made up of specific behaviour categories to measure diverse behaviours

· once a coding system is developed, observers use it in exactly the same way so their measurements will be reliable, or consistent

· sometimes gather info on behaviour using archival measures, which are already existing documents

· however, people tend to act differently if they know they are being observed, resulting in an unrepresentative sample of behaviour 

· researchers use unobtrusive measures, which keeps participants unaware they are being observed

METHODS OF RESEARCH

· descriptive methods: involve recording observations or surveys

· correlational methods: involve measuring the strength f an association between two  or more events

· experimental methods: involve manipulations to establish cause and effect relationships between two or more events

Descriptive Research

· seeks to identify how humans and other animals behave in natural settings

· eg. Case studies, naturalistic observation, and surveys are common descriptive methods

Case Studies:

· an in depth analysis of an individual, group, or event

· in studying a single case researchers hope to discover principles of behaviour that are true for people or situations in general

· data may be gathered through observation, interviews, psychological tests, physiological recordings, and task performance

· can produce many new ideas and hypotheses 

· allows scientists to study phenomena intensively and collect large amount of data

· may challenge the validity of theories

· poor method for determining cause-effect relationships

· will the findings in the case study hold true for other people in other situations?

·  To establish the generalization of a general principle, investigators must conduct more case studies, use other research methods, and test a variety of cultural groups

· possible lack of objectivity in the way the researcher gathers and interprets data

Naturalistic Observation:

· the researcher observes behaviour as it occurs in a natural setting. Naturalistic observation is used extensively to study animal behaviour 

· does not permit causal conclusions about the relations between variables since in the real world, many variables simultaneously influence behaviour, and they cannot be studied separately using this technique 

· also a possibility of bias in the way that researchers interpret the behaviours they observe

· must avoid influencing the participants being studied, as it will affect behaviour

Survey Research:

· info about a topic is obtained by administering questionnaires or interviews t many people

· questions typically ask about participants attitudes, opinions, and behaviours 

· population: consists of all the individuals we are interested in studying

· sample: a subset of individuals drawn from the larger population of interest

· a representative sample is one that reflects the important characteristics of the population. To obtain a representative sample, researches typically use random sampling

· thus, every member in the population has an equal chance of being chosen

· three major drawbacks: unrepresentative samples can lead to faulty generalizations, surveys rely on participant’s self-reports and they can thus be dishonest, and cannot be used to draw conclusion about cause and effect

Correlational Research

· three components:



1. the researcher measures one variable (X)


2. the researcher measures a secondary variable (Y)


3. the researcher determines statistically whether X and Y are related

· often used not only to describe events, but also to study associations between variables 

The Correlation Coefficient

· a correlation coefficient is a statistic that indicates the direction and strength of the association between two variables

· a positive correlation means that higher scores on one variable are associated with higher scores on a second variable

· a negative correlation occurs when higher scores on one variable are associated with lower scores on the second variable

· Correlational research identifies associations in real-world contexts that can then be studied in the lab

· Allow us to make predictions. If two variables are correlated, either positively or negatively, knowing the score of one variable helps us to predict the score on the second

Experiments:

The Logic of Experimentation

· a powerful tool for examining cause-effect relationships

· experiments have three essential characteristics:
1. the researcher manipulates the variable
2. the researcher measures whether this manipulation produces changes in a second variable
3. the researcher attempts to control for extraneous factors that might influence 

Independent and Dependent Variables

· independent variable (IV): the factor that is manipulated by the experimenter 

· dependent variable (DV): the factor that is measured by the experimenter and may be influenced by the IV

· the IV is the cause and the DV is the effect

Experimental and Control Groups

· experimental group: the group that receives a treatment or an “active level” of the independent variable

· control group: not exposed to the treatment; it receives a zero-level of the IV

· the control group provides a standard of behaviour to which our experimental group can be compared

Two Basic Ways to Design an Experiment

· one common way is to have different participants in each condition, either in the control group of the experimental group

· researches generally use random assignment, a procedure in which each participant has an equal chance of being assigned to any group

· a second way is to expose each participant to all the conditions, then measure how participants perform in each

CHAPTER 3: BIOLOGICAL FOUNDATIONS OF BEHAVIOUR


THE NEURAL BASIS OF BEHAVIOUR

Neurons:

· specialized cells called neurons are the basic building blocks of the nervous system

· these nerve cells are linked together in circuits

· at birth the brain contains about 100 billion neurons

· about 100,000 of them are lost each day

· each neuron contains three main parts: a cell body, dendrites, and an axon

· the cell body, or soma, contains the biochemical structures needed to keep the neuron alive, and its nucleus carries the genetic info that determines how the cell develops or functions

· Emerging from the cell body are branchlike fibers called dendrites. These specialized receiving units are like antennas that collect messages from neighbouring neurons and send them on to the cell body. There, the incoming information is combined and processed

· the surface of the cell body also has receptor areas that be directly stimulated by other neurons

· Extending from one side of the cell body is a single axon, which conducts electrical impulses away from the cell body to other neurons, muscles, or glands. The axon branches out at its end to form a number of axon terminals – as many as several hundred in some cases. Each axon may connect with dendritic branches from numerous neurons, making it possible for a single neuron to pass messages to as many as 50,000 other neurons

· Neurons can vary greatly in size and shape – neurons in the spinal cord can have an axon that extends almost a meter to the fingertips, whereas ones in the brain can be less than a millimeter

· Neurons are supported in their functions by glial cells 

· Glial cells surround neurons and hold them in place. Glial cells also manufacture nutrient chemicals that neurons need, form the myelin sheath around some axons, and absorb toxins and waste materials that might damage neurons

· During prenatal brain development, as new neurons are being formed through cell division, glial cells send out long fibers that guide newly divided neurons to their targeted place in the brain

· Within the nervous system, glial cells outnumber neurons about ten to one

· Another function of glial cells is to protect the brain from toxins

· A specialized barrier, the blood-brain barrier, prevents many substances and toxins from entering the brain. The walls of the blood vessels within the brain contain smaller gaps than elsewhere in the body, and are covered in a specialized type of glial cell

· One type of glial cell can exchange chemicals with adjacent neurons and help to synchronize the activity of axons.

· Glial cells have even been found to have the mechanisms necessary to allow them to communicate with other glial cells and with neurons 

Nerve Conduction: An Electrochemical Process

· neurons do two important things: they generate electricity and they release chemicals

· neurons function a bit like batteries in that their own chemical substances are a source of energy

· neurons are surrouneded by a salty liquid environment. This environment’s high concentration of sodium carries a positive electrical charge

· the inside of the neuron is electrically negative in relation to the outside, producing an electrical resting potential of about -70millivolts (mV)

· when in its resting state, the neuron is said to be polarized
The Action Potential

· sudden and extreme changes can occur in their resting potential voltage. 

· An action potential, or nerve impulse, is a sudden reversal in the neuron’s membrane voltage, during which the membrane voltage momentarily moves from -70mV to +40mV

· This shift from negative to positive is called depolarization
· When the dendrites or the cell body of a neuron are stimulated by axons from other neurons, small shifts occur in the cell membrane’s electrical potential

· These changes, called graded potentials, are proportional to the amount of incoming stimulation. If the graded potentials are not very strong, the neuron will be partially depolarized, but not enough to generate an action potential

· If the graded potential is large enough to reach the action potential threshold, the neuron discharges with an action potential 

· The action potential obeys the all-or-none law; it either occurs with maximum intensity or does not occur at all 

· Graded potentials change the membrane potential by acting on tiny protein structures in the cell membrane called ion channels. Each ion channel allows specific ions to cross the cell membrane and enter or leave the cell.

· As ion channels for positively charged ions, such as sodium, are opened, positive charge can enter the neuron and make the neuron less negative than it was

· This creates a state of partial depolarization that may reach action potential threshold, typically about -55mV, a decrease of -15mV from the resting potential

· When the membrane reaches its threshold for generating an action potential, specific ion channels are activated. Sodium ion channels are usually closed, but when the membrane reaches the threshold for generating an action potential the sodium ion channels open and positively charged sodium ions flow into the neuron, attracted by the negative electrical force within the cell

· This influx of positively charged sodium ions carries positive electrical charge into the interior of the cell, and the interior of the neuron goes from being negative to being more positively charged than the outside of the cell. It is this state of complete depolarization that constitutes the action potential

· Channels close in less than a millisecond

· In order to restore the resting polarity, potassium channels open and the positively charged potassium ions leave the cell, making the neuron negatively charged 

· In a few milliseconds the whole process is over at any given point in the membrane, but the action potential has started a chain reaction “wave” that flows along the membrane as succeeding sodium channels open and the process is repeated

· A new, different action potential is produced at each section of the membrane as the sodium channels in that section open and sodium ions flow into the cell 

· Immediately after an impulse passes any given point along the axon, there occurs a refractory period, a time period during which the membrane is not excitable and cannot discharge another action potential 

· This period lasts one or two thousands of a second

· A strong stimulus may increase the rate of firing of the individual neuron, or it may increase the number neurons that fire by stimulating additional neurons that only fire in response to high-intensity stimulation 

The Myelin Sheath

· many axons that transmit info throughout the brain and spinal cord are covered by a tube-like myelin sheath, a fatty, whitish insulation layer derived from glial cells during development

· the myelin sheath is interrupted at regular intervals by the nodes of Ranvier, where the myelin is either extremely thin or absent

· in unmyelinated axons, the action potential travels down the axon length like a burning fuse. In myelinated axons, electrical conduction can skip from node to node, and these leaps account for high conduction speeds of more than 300km/h

· damage to the myelin coating is a cause of multiple sclerosis. This disease occurs when the immune system attacks the myelin sheath, and results in a disruption of nerve impulses, resulting in jerky, uncoordinated movements, and paralysis

How Neurons Communicate: Synaptic Transmission

· the nervous system operates as a giant communications network, and its action requires the transmission of nerve impulses form one neuron to another

· 1920s ( Otto Loewi demonstrated that neurons released chemicals and it was these chemicals that carried the message from one neuron to the next

· the tiny gap between the axon terminal of one neuron and the dendrite of the next is known as the synaptic cleft 

Neurotransmitters

· in addition to generating electricity, neurons produce neurotransmitters, chemical substances that carry messages across the synapse to either excite other neurons or inhibit their firing

· this process of chemical communication involves five steps: 
1. Synthesis: the chemical molecules are formed inside the neuron
2. Storage: the molecules are then stored in chambers called synaptic vesicles within the axon terminals
3. Release: when an action potential comes down the axon, these vesicles move to the surface of the axon terminal and the molecules are released into the fluid-filled space between the axon of the sending (presynaptic) neuron and the membrane of the receiving (postsynaptic) neuron 
4. Binding: the molecules cross the synaptic space and bind to receptor sites – large protein molecules embedded in the receiving neuron’s cell membrane ( specially shaped surface that fits a specific transmitter molecule (lock and key model)
5. Deactivation…

Excitation, Inhibition, and Deactivation

· the binding of a transmitter molecule to the receptor site produces a chemical reaction that can have one of two effects on the postsynaptic neuron

· in some cases the reaction will depolarize (excite) the postsynaptic cell membrane by stimulating the inflow of sodium or other positively charged ions. Neurotransmitters that create depolarization are called excitatory transmitters

· this stimulation may trigger an action potential

· in other cases, the chemical reaction created by the docking of a neurotransmitter at its receptor site will hyperpolarize the postsynaptic membrane by stimulating ion channels that allow positively charged potassium ions to flow out of the neuron. 

· Hyperpolarization makes it more difficult for excitatory transmitters at other receptor sites to depolarize the neuron to its action potential threshold 

· These are known as inhibitory transmitters

· The action of an inhibitory transmitter may prevent the postsynaptic neuron from reaching its action potential threshold, even if it is receiving excitatory stimulation 

· A seizure occurs when the inhibitory processes cannot balance large number of runaway action potentials

· Once a neurotransmitter molecule binds to its receptor, it continues to activate or inhibit the neuron until it is shut off, or deactivated. Happens in two ways: 
1. some transmitter molecules are deactivated by other chemicals located in the synaptic space that breaks them down
2. or, reuptake occurs, in which the transmitter molecules are reabsorbed into the presynaptic axon terminal. When the receptor molecule is vacant, the postsynaptic neuron returns to its former resting state, awaiting the next chemical stimulation

· Most commonly used and abused drugs target the transmitter’s receptor, binding to the receptor, instead of the neurotransmitter.

· Once a molecule of the drug has bound to a neurotransmitter, it can do one of two things: mimic the naturally occurring transmitter, or can bind to the receptor and have no effect other than denying the transmitter access to its receptor

· Opiates and anti-anxiety bind to receptors and mimic the transmitter

· Antipsychotic medications and caffeine prevent transmitter from accessing its receptor

· Cocaine and some antidepressants block the reuptake of specific transmitters

Specialized Transmitter Systems:

· it is assumed about 100 to 150 different substances act as transmitters in the brain. Each has either a excitatory or inhibitory effect on certain neurons

· the best understood neurotransmitter is acetylcholine (ACh) ( underproduction is thought to be linked to Alzheimer’s disease

· blocking of ACh can result in muscular paralysis. Botulism gave out bacteria which blocks release of ACh, causing this paralysis

· Parkinson’s disease is linked to the neurotransmitter dopamine. Usually treated with drug L-DOPA that increases amount of dopamine in the brain

· Antipsychotic drugs attach to dopamine receptors and block it from having its effects. Effective in treating schizophrenia

· Serotonin influences mood, eating, sleep, and sexual behaviour, and an undersupply leads to depression 

· Endorphins: reduce pain and increase feelings of well-being. Operate by binding to the same receptors as opiates

· Neuromodulators: more widespread and generalized influence on synaptic transmission. These substances circulate through the brain and either increase or decrease the sensitivity of thousands, to millions, of neurons to their specific transmitters. Play important role in eating sleeping and stress

THE NERVOUS SYSTEM

· the nervous system is the body’s master control center 

· three major types of neurons carry out the system’s input, output, and integration functions 

· Sensory neurons carry input messages from the sense organs to the spinal cord and brain 

· Motor neurons transmit output impulses from the brain and spinal cord to the body’s muscles and organs

· Interneurons link the input and output functions. Outnumber sensory and motor neurons, and perform connective functions within the nervous system

· The two major divisions of the nervous system are: the central nervous system, consisting of all the neurons in the brain and spinal cord, and the peripheral nervous system, composed of all the neurons that connect the central nervous system with the muscles, glands, and sensory receptors 

The Peripheral Nervous System

· the peripheral nervous system contains all the neural structures that lie outside of the bran and spinal cord.

· Specialized neurons help carry out input and output functions that are necessary for us to sense what is going on inside and outside our bodies 

· Two major divisions: the somatic and autonomic nervous systems

The Somatic Nervous System

· consists of the sensory neurons that are specialized to transmit messages from eyes, ears, and other sensory receptors, and the motor neurons that send messages from the brain and spinal cord to the muscles that control our voluntary movements

· the axons of sensory neurons group together like strands of rope to form sensory nerves, and motor neurons combine to form motor nerves
· inside the brain and spinal cord, nerves are called tracts
· thus, the somatic system allows us to sense and respond to our environment

The Autonomic Nervous System

· regulates the body’s internal environment

· controls the glands and the smooth (involuntary) muscles that form the heart, the blood vessels, and the lining of the stomach and intestines 

· largely concerned with involuntary functions, such as respiration, circulation, and digestion, and is involved in aspects of motivation, emotional behaviour, and stress response

· composed of two subdivisions: the sympathetic nervous system and the parasympathetic nervous system

· the sympathetic nervous system has an activation or arousal function, and tends to act as a total unit

· if faced with a stressful situation, makes pupils dilate, speeds up the heart, slows down the digestive system, and increases your rate of respiration

· this is known as the fight-or-flight response

· the parasympathetic nervous system is far more specific, and has an opposite effect on a few organs at a time

· slows down body processes and maintains a state of tranquility 

· work together to maintain homeostasis 

The Central Nervous System

· this system contains the spinal cord, which connects most parts of the peripheral nervous system with the brain, and the brain itself

The Spinal Cord

· about 40-45cm long, and 2.5cm in diameter

· most nerves enter and leave the central nervous system by of the spinal cord

· neurons are protected by vertebrae 

· in cross section, the central portion resembles an H, which consists of grey-coloured neuron cell bodies and their interconnections 

· surrounding the grey matter are white-coloured myelinated axons that connect carious levels of the spinal cord with each other and with the higher centers of the brain

· entering the back side of the spinal cord along its length are sensory nerves. Motor nerves exit the spinal cord’s front side

· spinal reflexes can be triggered without involvement from brain, which lowers reaction time

The Brain

· three pounds of protein, fat and fluid

· accounts for about 2% of total body weight, but uses 20% of the oxygen

· never rests ( constantly using energy

Unlocking the Secrets of the Brain
Neuropsychological tests: 

· measure verbal and non-verbal behaviours known to be affected by particular types of brain damage

· give an indication of the type and severity of damage a person has

Destruction and stimulation techniques:

· produce damage (lesions) on certain areas of the brain and study the consequences

· stimulating the brain in certain areas excites neurons, which allows these areas to be studied

Electrical recording:

· neuron’s electrical activity can be measured by inserting small electrodes in particular areas of the brain or even into individual neurons

· can also tune into groups of neurons, or “crowd noise” with an electroencephalogram (EEG)

Brain imaging:

· CT scans, PET scans, and MRIs

· CT scans provide a computer generated image of the brain from many angles, allowing doctors to see where damage has occurred and its relation to psychological functioning

· PET scans measure brain activity by seeing which parts of the brain use more glucose or energy when put into certain activities

· MRIs combine the two and study both brain structure and brain activity. Creates images based on how atoms in living tissue respond to a magnetic pulse

The Hierarchical Brain: Structures and Behavioural Functions

The Hindbrain

· as the spinal cord enters the brain, it enlarges to form the structures that compose the brain stem
·  attached to the brain stem is the cerebellum 

The Brain Stem:

· the medulla is the first structure after leaving the spinal cord 

· medulla: 3.8cm long, plays important role in vital body functions such as heart rate and respiration ( makes them occur automatically

· alcohol causes suppression to the medulla, damage causes death

· also a two-way road for all sensory and motor nerve tracts coming up for the spinal cord and descending form the brain 

· left side of brain receives sensory input from and exerts motor control over the right side of the body, and vice versa, because of nerve crossover in medulla

· The pons lies just above the medulla, and serves as a bridge carrying nerve impulses between higher and lower levels of the nervous system 

· The pons also has clusters of neurons that help regulate sleep and are involved in dreaming, and has motor neurons that control the face and neck

· Also helps control vital functions, and damage can result in death

The Cerebellum

· looks like a little brain attached to the rear of the brainstem, directly over the pons

· concerned primarily with muscular movement, but also plays a role in certain types of learning and memory

· regulates complex, rapidly changing movements that require exquisite timing

· motor control functions are easily disrupted by alcohol, or damage to the cerebellum

The Midbrain

· contains clusters of sensory and motor neurons, as well as many sensory and motor fiber tracts that connect higher and lower portions of the nervous system

· contains important relay centers for visual and auditory systems

· also controls eye movement

The Reticular Formation

· finger-shaped, extends from the hindbrain up into lower portion of the forebrain. Resembles a reticulum, or net

· acts as a sentry, both alerting higher ceters of the brain that message are coming, and then either blocking or allowing them to go forward

· ascending section, which sends input to higher regions of the brain to alert it, and a descending section through with higher brain centers can either admit or block sensory input

· central role in consciousness, sleep and attention

· without reticular stimulation of higher brain regions, sensory messages do not register in conscious awareness

· anesthetics deactivate neurons in the ascending region, so pain is not registered

· damage can produce a permanent coma

· attention is controlled by the descending reticular formation. It serves as a gate through which some inputs are admitted while others are blocked out by signals coming down from higher brain centers 

The Forebrain

· also called the cerebrum
· consists of two large cerebral hemispheres, a left side and a right side

· the outer portion has a thin covering, or cortex, and there are a number of important structures buried in the central regions of the hemisphere

The Thalamus:

· located above the midbrain, and resembles two small footballs, one in each hemisphere

· important sensory relay station that organizes inputs from sense organs and routes them to appropriate areas of the brain

· nerve tracts from the sensory receptors are sent to specific areas of the thalamus where they synapse with neurons that send the messages on their way to the higher brain regions that create our perceptions

· disrupted functioning in the thalamus is a cause of schizophrenia 

The Basal Ganglia

· surrounding the thalamus is a group of at least 5 structures that are collectively called the basal ganglia
· critical for voluntary motor control, especially initiating voluntary movements

· in Parkinson’s disease, the neurons that supply dopamine to the basal ganglia degenerate die. Since dopamine is lost, the basal ganglia does not function properly, and the ability to initiate voluntary movement is lost

The Hypothalamus

· literally means “under the thalamus”

· consists of tiny groups of neuron cell bodies that lie at the base of the brain

· the hypothalamus plays a major role in controlling many different basic biological drives, including sexual behaviour, temperature regulation, eating, drinking, aggression, and the expression of emotion

· damage can disrupt all of these behaviours

· manufactures substances known as orexins (Greek for hunger) which if supplied too much, results in extreme obesity

· connection with endocrine system, and controls many hormonal secretions that regulate sexual development and behaviour, metabolism, and reactions to stress

The Limbic System:

· lies deep in the cerebral hemispheres

· shaped like a wishbone

· the limbic system helps to coordinate behaviours needed to satisfy motivational and emotional urges that arise in the hypothalamus, and is also involved in memory

· helps organize goal-oriented sequences of actions 

· damage would cause small distractions to make you forget what you had to do

· Hippocampus: involved in forming and retrieving memories. 

· Damage to the hippocampus can result in severe memory loss, or the inabilitly to transfer info from short term memory to long term memory

· Amygdala: organizes emotional response patters, particularly those linked to aggression and fear

· Electrical stimulation of the hypothalamus activates axons that are going from neuron cell bodies in the midbrain to a limbic structure called the nucleus accumbens, and it is this that is important for reward and motivation 

· Drugs release dopamine in the nucleus accumbens to produce pleasure

The Cerebral Cortex:

· the cerebral cortex is a two thirds of a cm thick sheet of grey (unmyelinated) cells that form the outermost layer of the human brain

· the cerebral cortex is not necessary for physical survival, but is necessary for a quality of living

· 75% of the cortex’s total surface area lies within it’s fissures

· three major fissures divide the brain into four lobes: frontal, parietal, occipital, temporal

· Frontal Lobe: speech and skeletal motor functions

· Parietal Lobe: sensations

· Occipital Lobe: visual

· Temporal Lobe: hearing

· The remaining ¾ of the cortex are association cortex involved in mental processes such as thought, memory and perception

The Motor Cortex

· controls the 600 muscles involved in voluntary body movements

· each hemisphere governs movement on the opposite side of the body

· amount of cortex devoted to each area depends on the complexity of the movements made by that body part ( fingers have most

The Sensory Cortex

· the somatic sensory cortex receives sensory input that gives rise to our sensations of heat, touch, cold, and our senses of balance and body movement

· each side of the body sends sensory input to the opposite hemisphere 

· organized in an upside down fashion, with the feet near the top of the brain

· amount of cortex devoted to each area depends on the sensitivity of that area

Speech comprehension and production:

· two specific areas govern the understanding and production of speech are located in the cortex

· Wernicke’s area in the temporal lobe is involved in language comprehension

· Broca’s area in the frontal lobe is necessary for normal speech production

· Work together when in conversation, allowing you to comprehend, and get your own thoughts across

Association Cortex:

· found within all lobes of the cerebral cortex, is critically involved in the highest level of mental function including perception, language and thought

· said to be “silent areas” because stimulation does not give rise to either sensory or motor responses

· accounts for about 75% of the human cerebral cortex

The Frontal Lobes:

· frontal lobe damage results not so much in a loss of intellectual abilities as in a loss of the ability to plan and carry out a sequence of actions, and judge the order in which a series of events has occurred or will occur in the future

· the frontal cortex is also involved in emotional experience

· patients with frontal lobe damage often exhibit attitudes of apathy and a lack of concern for anything

· the prefrontal cortex, located just behind the forehead, is the seat of the so-called executive functions ( mental abilities involving goal setting, judgement, strategic planning, and impulse control

· people with prefrontal cortex disorders seem oblivious to the future consquenses of their actions

· patients who suffered from disturbed and violently emotional behaviour were subjected to operations called prefrontal lobotomies

· performed by inserting an instrument with sharp edges into the brain, then wiggling it back and forth to sever the nerve tracts that connected the frontal lobes with the regions connected with emotion\

Hemispheric Lateralization:

· the left and right cerebral hemispheres are connected by a broad white band of myelinated nerve fibers known as the corpus callosum
· corpus callosum is a neural bridge that acts as a major communication link between the two hemispheres and allows them to function as a single unit

· lateralization refers to the relatively greater localization of a function in one hemisphere or the other

· verbal abilities and speech are localized in the left hemisphere, as well as math and logical abilities

· when Broca’s or Wernicke’s speech areas are damaged, the result is aphasia, the partial or total loss of the ability to communicate

· when the right hemisphere is damaged, the person has great difficulty in performing tasks that demand the ability to perceive spatial relations. A patient may have a hard time recognizing faces or even forget a well traveled route to work

· it appears that mental imagery, musical and artistic abilities, and the ability to perceive and understand spatial relationships are primarily right hemisphere functions

· the right hemisphere is relatively more active when negative emotions such as sadness and anger are being experienced. Positive emotions such as joy and happiness are usually in the left hemisphere activation

The Split Brain

· epilepsy patients can sometimes have a cut corpus callosum, making it impossible for the two hemispheres to communicate

· fibers that transmit messages from the right side of the visual field project to the left hemisphere, and vise versa

· despite this arrangement, we have a unified visual world because the hemisphere’s visual areas are normally connected

· when the corpus collosum is cut, visual input to one hemisphere can be restricted by projecting the image to only one hemisphere

· if image is shown on the right side, it is sent to the left hemisphere, where the person can process what it is and articulate its name

· however, if shown on the left side, the image would be sent to the right side of the brain, and the patients would be unable to describe what they had seen

· some psychologists have suggested that what we call the conscious self resides in the left hemisphere, because consciousness is based on our ability to verbalize about the past and present

Hemispheric lateralization of language

· left-hemisphere lateralization also applies to non-verbal kinds of language, such as sign language

· likewise, a left-hemisphere stroke affects the ability to understand or produce sign language

· brain imaging studies indicate that during a language task, men show greater left hemisphere activation, while women show activity in both hemispheres

Plasticity in the Brain

· learning and practicing a mental or physical skill may change the size or number of brain areas involved and alter the neural pathways used in the skill

· the brain is governed by genetic factors, but is also influenced by the environment

· Neural plasticity refers to the ability of neurons to change in structure and function based on either the effects of early experience, or recovery from brain damage

The role of early experience:

· brain development is programmed by complex commands from our genes, but how these genetic commands express themselves can be powerfully affected by the environment in which we develop

Recovery of function after injury:

· when an injury results in the destruction of brain tissue, other neurons must take over the lost functions of the dead neurons if recovery is to occur

· brain is capable of greater plasticity early in life

· one to two-year old children have about 50% more brain synapses than mature adults do

· yet adults can maintain or recover some functions after neuron death

· when nerve tissue is destroyed or neurons die as part of the aging process, surviving neurons can restore functioning by modifying themselves either structurally or biochemically. They can alter their structure by sprouting enlarged networks of dendrites or by extending axons from surviving neurons to form new synapses 

· neurons may also make up for the loss by increasing the volume of neurotransmitters they release

· neurogenesis: development of new cells

NERVOUS SYSTEM INTERACTIONS WITH THE ENDOCRINE AND IMMUNE SYSTEMS

Interactions with the Endocrine System

· the endocrine system consists of numerous glands distributed throughout the body

· the endocrine system’s function is to convey info from one area of the body to another

· rather than using nerve impulses, however, the endocrine system conveys info in the form of hormones, chemical messengers that are secreted from its glands into the bloodstream

· cells in the body (including neurons) have receptor molecules that respond to specific hormones from the endocrine glands

· many of the hormones secreted by these glands affect psychological development and functioning 

· endocrine messages can affect the nervous system, and mental processes within the brain can, in turn, affect endocrine functioning

· adrenal glands: twin structures located on top of the kidneys. The adrenal glands produce and secrete about 50 different hormones that regulate many different metabolic processes within the brain and the body

· one of the most important hormones released by the adrenal cortex is cortisol, a stress hormone. Together, the hormones secreted by the adrenal glands mobilize the body’s resources, allowing the person to function despite the stressful conditions

· elevated levels of this stress hormone are associated with deterioration of the hippocampus but also with memory impairment

· endocrine system is much slower transmitting signals because it depends on the rate of blood flow

Interactions Involving the Immune System

· antigens: substances are harmful to the body ( bacteria, viruses, etc

· trigger biological responses in the immune system

· antigens can originate externally (ie flu virus) or internally (cancerous tumour)

· an underacative immune system allows bacteria and viruses to run rampant in the body

· an overactive immune system results in an allergy

· another type of overactive response, an autoimmune reaction, results when the immune system mistakenly identifies part of the body as an enemy and attacks it ( arthritis, diabetes 
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