Lecture 1 – September 13th
Schools of psychology:
Definition of psychology:
-       The science of the study of the mind (psyche) or “mental processes”
-       Psyche is the totality of the human mind, consciousness, and unconsciousness (life & soul)
-       Human (humans have a soul) vs animal (animals don’t have a soul) consciousness
Is the mind physical or non-physical? 
What is psychology:
-       the study of the mind
Problems:
-       science is objective.
-       In any science, we must all agree.
-       What are “mental processes” – difficult to define, mental processes cannot be observed, they can be inferred (memory, inferring based on behavior).
Myers definition of psychology:
-       the study of mental processes and behavior
Behavior:
-       why do we act (behave) the way we do?
-       What is (define) “behavior”
Problems:
- behavior can be defined, observed and measured
- what causes behavior?
- why do we behave the way we do?
Is this an experiment in psychology?
-       in a true experiment, we manipulate or (change) a variable
-       this might cause another variable (what we are measuring) to change?
·      what did we manipulate :
·      What is physical? “mental”
·      How do you know? (what mental processes were involved?
Major divisions of psychology:
·      Experimental - therapy
·      clinical – psychotherapy, clinical psychology, therapy
·      applied
Historical roots of Psychology and the study of the mind.
Experimental psychology:
·      began in mid to late 1800s
·      as a branch of physics
·      psychophysics
·      first experimental psychology lab: Wilhelm Wundt in Germany
·      “The exact description of consciousness (Bewusstsein) is the sole aim of experiemental psychology
·      basic principles of experimentation are used to explain psychologcical
·      Structuralism: Developed by Edward Titchener in the US – He used a method called introspection
·      Basic structures of the mind (analogous to the basic elements in chem)
·      The participant had to look inward (self reflect or introspect on the contents of their consciousness.
·      This is proved to be very unreliable and highly subjective
·      Debate over whether the mind is psysical or non physical
·      Theory of evolution (why we do what we do) – Darwin
·      What is the function (purpose) of these various mental processes
·      Functionalism (Pragmatism)
·      Developped by William James in the US
·      What is the function of our thoughts, consciousness and emotions?
·      James did not carry out experimental research
·       Developped a number of theories about consciousness, attention, memory.
·      Wrote the first textbook on Psychology
·      The study of functions proved to be highly subjective
Major divisions: (clinical psych)
·      Counseling; psychotherapy
·      Freud is generally considered to be the founder of psychotherapy but Freud was not a psychologist he was a psychoanalyst.
·      Major roots of clinical psych and therapy are recent – perhaps in the late 1940s in the US & USSR studying soldiers that had brain damage
·      1st clinical psych dept in Canada @uottawa
·      Now the major field in psych
Major Divison (applied psych)
·      apply knowledge of basic fundamental experimental psych
·      social, developmental, educational, industrial psych
Schools of psych:
·      cognitive
o   The major branch of experimental psychology in the late
o   Study of higher “mental functions”  (some only exist in humans). Animals do not have higher mental functions.
o   Consciousness, memory, attention, decision making, language
o   Ex: lexical decision making – observing behavior. We must infer in this process (whats going on in the mind)
o   Attemps to infer
o   Hypothetical mental states of information processing
o   Based on current response behavior, patterns/performances
o   These mental states cannot me observed directly, only inferred
o   An exceedingly elegant means to test various cognitive functions (“mental events)
o   Must be inferred on the basis of performance (RT and accuracy).
o   Fell into disrepute because it was thought to be unscientific (by the behaviorists)
·      biological/neuroscience
o   biological psychologists attempt to measure actual mental events by monitoring brain activity. They either
§  Manipulate psychological state/mental events (attention, memory, decision-making)
·      And observe see the effect of this manipulation on brain activity, brain structure
§  Manipulate brain (stimulate, lesion, drugs) and determine effect on psych/mental events.
§  Manipulate psychological state (attention, memory, decision making, emotions, motivation, drives) and see effect of this manipulation on brain activity, brain structure
·      behavioral
·      social
·      psychoanalytical
·      phenomenological
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Read the scientific methods * 

Behavioural:
· Examed behaviour
. Different types of memories
. Based on current performances you infer your cognitive performances 
. You cannot observe the mental process 
. Began in 1920 w/ J. Watson and his criticism of cognitive psychology and psychoanalysis - he lays out the basics of behaviourism 
. BF Skinner (1935 - 1990) laid out much of the tenets of “behaviourism” - extremely controversial & influential 
· Psychology is an objective (not influenced by personal feelings, opinions) science (because you can observe)
· All psych events must be directly observed
· Only behavior 
· The study of mental events is unscientific this is because:
· Mental events are private (science is objective) 
· They cannot be defined, observed or measured
· Why do we act the way we do? (motivation)
· All behaviour can be explained by consequences of behaviour!
· We learn to repeat behaviour that has been “reinforced”
· We do not repeat behaviour that has not been reinforced 
· A criminal is a criminal because past criminal-behaviour has been reinforced 
· Ex: A criminal is not put in prison to be punished but instead of correct his behaviour
· No need to postulate about genetic influence
· No need to infer “inner” mental causes
· (no need to postulate about hidden, “repressed” motives)
· No point of inferring about different types of memory; consciousness
· Determinism - you are irrational, you think you are doing something because you want to, but you only are because of your past behaviour. Behaviour is determined by what has happened in the past. 
· All behaviour is learned 
· If behaviour is inappropriate, it is because of poor learning - you were reinforced for acting inappropriately. 	
· To change behaviour, you'll have to correct behaviour, re-learn 


Social:
· In order to survive, you need to socialize 
· Emphasis on social behaviour
· Study of the social environment and its effects 
· Social attitudes; social learning 
. May ask about political, religious, racial beliefs, attitudes towards one race or another race 

Evolutionary / Genetic:
· Social-biology (ethology)
· Most of human behaviour can be explained through evolutionary/genetic principles 
· Selection of traits that enable survival 
· Reproduction of species (and individual genes) 
· Emphasis on the study of animal behaviour
· Deterministic theory 
· We act the way we do not because of learning but.. Because of the principles
· Survival of MY genes
· E.O Wilson (1975 - present); Richard Dawkins (1975 - present)
Ex: If i were a male how would i get my genes to survive = have alot of different female mates 


Psychoanalytical 
· S. Freud 
· Role of the unconscious in determining our behaviour
· What is unconscious ?
. Much of behaviour and emotions is repressed (esp. sexuality)
. It is these repressed, unconscious influences that dictate our personality and behaviour. Cannot allow these to be exposed 
. Because these memories cannot be repressed, we hide them away in our memory,(they exist but we are not aware of them) these memories dictate what we are doing You will give a reason for them, but it is not the real reason, you are being irrational 
. Most likely time that these emotions will surface?
. When you sleep, dreams, isolated
· Deterministic -- behaviour is determined by unconscious “drives” 
· Criticized as being unscientific 
· How can we ever prove that there is an unconscious? How can we prove that certain memories are repressed. If you can't prove it, it's not science. 

Psychoanalysis, psychiatry, clinical psych, experimental psych:
· Psychoanalyst -- trained in psychoanalysis 
· Emphasis on Freud and post-Freudian theories (ex: Jung)
· May or may not be psychiatrist
· Psychiatrist -- residency in “psychiatry”. Must have an MD 
· Psychiatrist employ a medical model. They will look at the symptoms then give a diagnosis. 
· Psychiatric disorders are a mental “illness”. Treatment methods can include psychotherapy and drug therapy. 
· In canada, only psychiatrists can prescribe medication 
· Clinical Psychology -- In canada. Must have a research degree, a Ph.D. 
· Is trained in both research and clinical psych
· In some regions in the US, a D.Ps (doctor in psychology) will suffice (not trained in research)
· Clinical Psy 
· Emphasis on “abnormal” behaviour and not necessarily “illness”
· Emphasis on “change” through counselling/psychotherapy 
· Experimental psychologist -- trained ONLY as a researcher (in one of several different areas) Degree is Phd
· Not trained in clinical psych
· Legally cannot provide psychotherapy or counselling

Phenomenological / Humanistic (clinical psy)
· Humanistic theories -- Emphasis on unique human quality of behaviour 
· Concerned with individual’s unique personal experience, their phenomenology 
· Focus on subjective experience
· Concern with developing theories of inner life rather than explaining behaviour 
· Criticized as being unscientific 
· Objective information 


Scientific Methods 

Epistemology (methods of obtaining knowledge):
· Divine (non-psychical) insight
. The pope has divine knowledge - GOD. Not about everything, but about religion 

· Pure logic and thought (aristotle) 
. Logic will not give you the facts, but when you have facts you can use logic 
· Scientific manipulation

Idealism vs Materialism
· If something exists, it must exist in a quantity. It must exist in space 
· Psychology “concepts”
. Love, hate, liberty, free will, the “mind”, consciousness-unsconsciousness

Scientific process
1. Observation of universe. What is the problem that needs to be solved?
a. Variables: what is it that varies. Why?  we know. Fact. 
a. Men are more physically violent than women. Why? 

· Human methods 
· How the greeks gain knowledge 
· Plato - Through non physical existence 
· BIG research issues (according to Myers)
· Stability vs change 
· Rationality vs irrationality 
· Skinner: you think youre acting the way you are, but youre actually not
· Nature vs Nurture (I can learn to change) 
· 




Psychodynamic:




Behaviorism is a principle 

Lecture 3: 
Scientific process (continue) 
2. Theory: literature search and a summary / synthesis of what is already known
· “Opinion” or “speculation”
· Different theories. Controversy
· Testosterone is associated with aggression (men)
· Social learning/modelling 
. Violence is encouraged in young boys - they think its a good thing
. Girls are not taught violence and are told its not a good thing 
· Theories and hypotheses
. A theory (based on an synthesis of previous facts) makes a testable prediction called a hypothesis
. Hypothese make predictions 
. Ex: if theres more testosterone in the blood, you predict he will be more aggressive

3. Definition of variables of interest. Operational definition.
· Ex:  before a theory can be tested, we need to define variables. - Depression 
· Problems defining psychological concepts 
· Define aggression: (verbally vs physically)

4. Measure/quantification of variables. Quantification = more or less. 
· Women are more likely to verbally aggress & men are more likely to be physically aggressive

6. Run the study

7. Analyze the results. Usually but not always requires the use of statistics

8. Interpret the results… is the hypothesis supported? Update theory (is it correct or wrong?)


Observation:*based on observation, you form your theory* 

Measures of central tendency:
· There are usually almost always individual differences in the dependent measure. Some individuals score high and some score low. 
· Statisticians 
· The mode is the score that occurs most often
· The mean is the average of all scores
· The median is the score at which half the individual's score above and half score below.

Variance:
·  No all individuals score the same
· Range (max-min)
· Variance; SD
· Standard deviation
· 68% score with +/- 1 SD
· About 95% score within +/- 2 SD
· About 99.5% score with +/- 3 SD

Problems with the mean:
· At times, our measures are not normally distributed. Extremely high (or low) scores might distort the average (or mean).
· In this case, the median might be a better measure of central tendency. 
. Ex: women have lower (mean) salaries than men. 
. Do the majority of women actually have lower salaries than men? - depends if you use mean, median or mode. 

Correlation studies:
· A change in one variable is also associated with a change in another 
· Ex: geese and leaves; smoking and cancer; testosterone and violence; heroin and marijuana (almost all heroin addicts have used marijuana in the past - will marijuana lead to heroin?); stress and cancer (smoking is associated with stress) 
· Note: this does not mean that change in one variable CAUSES the other variable to change. 
· Correlation - a statistical measure of the extent of a relationship between two variables
· The correlation allows one to predict scores on one variable if the scores on another variable are known. 
· Correlation wary from -1.0 = +1.0  Positive and negative correlations…
· The larger the correlation the better you are at predicting. Note that the sign is not important
· If there is no relationship, the correlation is 0.0
· Correlation does not prove causality.  
· Smoking and lung cancer
· Increase smoking = increase risk of cancer 

True Experiment (p. *)
· Manipulation of one variable CAUSES another variable to change. 
· One variable you can control, and the other will change depending on what youve done. 
· Experimental manipulation. The experiment manipulates the independent variable 
· This might cause the dependent variable (that which she/he is measuring) to change.

Sources of variance:
· Explained variance. Why a smoker got lung cancer. 
· Unexplained variance. Why a smoker has not gotten lung cancer. 
· Ignorance

Causality and logical positivism: (p. 5 and 6)
· Every scientific theory must be potentially falsifiable 
· We cannot prove something does not exist. 
· We can prove something exists - cannot prove that something does not exist. 
· Based on theory, scientists form an hypothesis or prediction. Stress; smoking; cancer
· According to many philosophers of science, we assume all theories are false until proven otherwise
· Thus, we assume the negative
· The null hypothesis 

The freudian catharsis theory - exposure to experiencing a drive or repressed urge 

Lecture 4: 
Do helmets decrease bicycle use?
Correlation: helmet use and accidents 
· Positive correlation!

Design study:
· A “control” group of 10 children cannot watch any violent programmes. They can only watch one nonviolent cartoon per day for an entire month
· An experimental group can watch 1 violent cartoon per day for an entire month

Ethics of research:
· Informed consent
· Can children volunteer to participate? - No, parents must give permission
· Subjects are anonymous (researchers dont know your name) 
· Results are confidential 
· risks /harms must be explained
· Can we allow children to be very violent in a school setting?

Animals in research
· Morality of animal research 
· Are animals “equal” to humans?  
· Are animals a human “resource” - they are
· Acceptable to use animals but there must be some benefit to the world as a whole 
· Overall use of animals should be minimized 
· Pain and distress should be minimized 
· Phylogenetic “scare”. Use “lowest” (cognitive abilities) animals 
· Replace vertebrate animals with either 
· Hypothesis:
· Watching violent video will affect extent of aggression in children 

Define what we mean by aggression:
· How will we define and measure aggression?	
· How often do children get into arguments in the school yard
· We then count how many words are used in the argument 
· The dependent measure is that which we are measuring 

Independant = what you are manipulating 
Dependant = what you are measuring 

· When scientists do not know why certain variables vary, they are ignorant (absence of knowledge) = unexplained variance 
· Cannot explain the variance within each groups
· These are individual differences among our subjects 
· If you can’t explain you, you must be making an error
· If the independant variable causes the dependent variable to change (vary), we will know why. This is called knowledged (truth, fact) = explained variance 

Statistical significance - divide explained variance by unexplained variance  (divide knowledge by ignorance)
· If the ratio is large enough, the difference is statistically significant 
· The researcher MUST indicate what is the probability of finding a difference this large by chance alone 
· Ex: the lvl of significance is set at .05
· A statistician might claim that differences this large could only occur by chance on 5% of occasions. 
· If we select a control group 100 times, we would find differences between the means this large just by chance 

Interpret the findings:
· Null hypothesis: violent video will have no affect on children’s aggression. = wrong. Because we do know that watching violent videos alters violent behaviour
· psychoanalytical/Freud hypothesis: violent video will cause a decrease in children’s aggression. = Wrong 
· Social modelling hypothesis: violent vieo will cause an increase in children’s aggression 

A difference is statistically significant?
· F = explained variance / unexplained variance 
· Ensure explained variance is large 

Research designs;
· Case studies:
. One exceptional individual (or a few)  is/are studied in detail 
. Ex: Patient HM: epilepsy (temporal lobe is associated with epilepsy) *try and find in book

Problems:
· Generalisation
· Exceptions to the rule 

Group studies - sampling:
· Sample a small number of individuals from a population
· Randomisation?
· Representative ? (is the sample representative of the population?)
· Its better to have a small but representative sample than one that is large and unrepresentative. 

Experimental - Control groupes:
· Why is the control goup called “the control group”>
· Random assignment -- participants will be randomly assigned 
Problems:
· Sample size. Often small. Generalization
· But power of replicated 
· Experiment must often be carried out in a controlled setting (often in a laboratory)
· 
Quasi - experiments:
· Often the experimenter compares one group to another (males vs females; young vs old; patient vs. non patient) 
· Experimental manipulation (subjects sex) NOT carried out 

Experimental designs (pre-post)
· Problem with the use of control-experimental groups : 
· Solution: use the same group of participants in repeated conditions 

The placebo effect

· The experimental group of patients is given a treatment
· The other half is given what they think is a valid treatment
· This control condition is called the placebo condition 
· Placebo (continue)
· Double blind design 
· Effects can be extremely powerful
· No medical treatment that is approved by the ministry of health can be used with the general public before a placebo study is carried out 
Natural (alternative) medicine 
· “Evidence based” treatment. Is treatment better than placebo
· Null hypothesis!
· Alternative medicine; rarely tested against placebo. Null hypothesis. 
· Fake acupuncture relieved pain more effectively than a fake pill.

Lecture 5 : September 27th 

The brain and nervous system: 

Orientation
· Medial (middle) -Lateral (side)
· Ventral-Dorsal (belly/back)
· Anterior-Posterior aspects of brain (fornt/back)
· Superior 

Slices:
· Coronal - vertical from the side of the brain
· Saggital -  vertical slice from the front of brain
· Horizontal - Horizontal slice from side of the brain (parallel to the floor)

Reading MRI are mirrored, so the left side is really the right side, and the left side is the right side of the brain 

Imaging techniques:
· Anatomical techniques
· Slicing the human brain
· Where do we get the bodies? - the bodies of people who have committed sins because they are not going to heaven (criminals)
· Viewing the macrostructures with the human eye or microstructures with a microscope
· Appropriate for cadavers 
· MRI (magnetic resonance imaging)
· Advantage: provides High resolution images of the human brain (you can see the macrostructures of the brain)
· Problems: static (static = does not tell us the role of the structure) provides an image of the structures but does not indicate their function and the resolution is limited (cannot see single cells)
· More problems:
1. Very expensive
1. Provides only a static view of the brain
1. Limited resolution
1. MRI does not provide an image of the active brain 

Functional techniques (observing the active brain)
· What areas of the brain are responsible for the different animal and human functions?
· In the clinical setting: observe functions lost because of brain injury (trauma, stroke, tumours, etc.) → a lot of studies made after WW2 when people had brain damage 
· Problem: humain brain injuries are often widespread and not specific 
· In the experimental setting: lesion a specific part of animal brains to determine its function
· Stimulate a specific area of the brain to observe the function it controls
· Optogenetics 
· Problem: In many cases, it is difficult to know just what an animal is experiencing
· Higher mental states may differ across species. How applicable are these studies to humans? 


Human stimulation techniques:
· Trans-magnetic stimulation (TMS)
· Deep brain stimulation (DBS)
· Used in very severe depression
· Used to control epilepsy

Human functional techniques:
· PET (positron emission tomography)
· Deoxyglucose injected into the blood (radioactive agent)
· Circulating blood + nutrients is where they get the oxyglucose 
· Indicates which areas are active (and require glucose) for a task to be completed 
· Disadvantages: 
· its invasive, requires deoxyglucose to be injected into the blood
· Very slow - blood circulates slowly. The PET provides an image of all the brain areas that were active within the last 1-2 minutes
· The brain makes rapid decisions
· Expensive 

Functional MRI (fMRI)
· The machine is a very powerful magnet - if you have staples in your head they will be ripped out 
· Uses MRI scan (take 2 pictures of brain. When you are selectively attending, and one when you are not paying attention). When you're more active, the scan will be darker 
· Indicates which areas of the brain are active and require oxygen for a task to be completed
· Measure the amount of oxygen that has been retracted out of the blood 
· High resolution image of the brain structures 
· Disadvantages:
· Slow. Can be as fast as 200-500 ms to obtain image, but the brain makes decisions much rapidly than this 
· Cost 12-13 million dollars

EEG / Evoked potentials (potential = electrical potential, looking at the changes):
· Electrodes attached to the scalp
· Provides an indication of the electrical activity of the brain 
· Evoked potentials:
· When a stimulus is presented, the changes in the electrical activity (the evoked potentials) can be measured 
· Advantages of EEG & evoked potentials:
· 
· Disadvantages:
· Poor spatial resolution
· Electrical activity from the scalp prives a poor indication of the actual underlying structures of the brain

Diffusion Spectrum Imaging:
· Allows us to see how structures are connected 



Neuronal & Synaptic transmissions:


Terminal ending:
· Synapse / synaptic gap:
· Pre- & post synaptic 
· Transmitter substance (neurotransmitter):
· Excitation or inhibition (decrease) 

The nobel prize - C. Golgi & S. Ramon y Cajal 

Types of neurons:
· Cerebellum
· Visual cortex (if you stimulate this neuron you can see)
· Auditory cortex (if you stimulate this neuron you can hear)
· Primary motor cortex 
· Dentate gyrus (center for short term memory) - S. Ramon y Cajal 

3 categories of neurons;
· Sensory neurons: transmit impulses received by sensory receptors to Central Nervous System (CNS). Afferents
· Motor neurons: carry outgoing signals from CNS to muscles & glands. These are also called efferents.
· Interneurons: 
· Interneuronal communication
· [bookmark: _GoBack]Often, far removed from either sensory or motor neurons
· Excitatory or inhibitory 
· Allows for flexibility of behaviour 
Action potentials:
· When critical threshold (the “threshold of excitation”) is reached, the neuron “fires”
· The action potential will travel down the length of the axonn
· May subsequently influence the firing of another neuron 

Synaptic transmissions :
· Under the influence of action potential, neurotransmitters are released into the synaptic gap. 
· The synaptic gap is the “intercellular space”. The neurotransmitters
· Neurotransmitters travel to postsynaptic neurons or muscle cells.
· Specialized receptors can “recognize” the chemical code of the neurotransmitter 
· The neurotransmitter binds to the postsynaptic receptor. Excitatory or inhibitory effects. 
· The neurotransmitter will have a long-term effect until its actions are terminated 
· Enzymes
· Reuptake 

Actions of neurotransmitters:
· Neurotransmitters are either excitatory or inhibitory 
· An excitatory neurotransmitter will increase the likelihood that the postsynaptic cell will fire. How? → depolarization
· An inhibitory neurotransmitter will decrease the likelihood that the postsynaptic cell will fire. How? → Hyperpolarization 
· Resting potential becomes more negatively charged than normal 
· 

Effects of drugs:
· Stimulate or block receptor on post-synaptic membrane
· May attack enzymes that break down
· Black reuptake of neurotransmitter 

Neurotransmitters:
· Acetylcholine
· ACh generally excitatory on membrane of skeletal muscle fibers. It causes muscles to contract.
· Muscle paralysis:
· Curare blocks ACh receptors
· Botulin blocks ACh release
· Nerve gas, many pesticides/insecticides (may block receptor site or interfere with enzyme reuptake) 
· Muscle convulsions:
· Black widow spider venom; venom of many amils (stimulates release of ACh)
· In CNS, role on memory -- ACh depleted in Alzheimer's disease) Nicotine causes the release of more ACh 
· Norepinephrine (noradrenaline)
· Important role in alertness and mood
· Increase alertness in the brain; increases heart rate
· Fight or flight - prepares us for action
· GABA (Gamma-Aminobutyric Acid)
· Major inhibitory neurotransmitter of the brain
· Sleep and anti-anxiety medications -- often act by stimulating GABA receptors 
· Dopamine (DA)
· Inhibitory neurotransmitter 
· Involved in movement, attention, and learning 
· Insufficient quantity of DA: Parkinson’s disease 
· Tremors and paralysis 
· Too much dopamine = psychosis 
· Serotonin (5-HT)
· Plays a role in sleep (dreaming?), perhaps control of eating, mood, pain regulation
· May produce bizarre hallucinations. Such as psychedelic drugs such a LSD, mescaline 
· Endorphins 
· “Natural opiates” of the brain - called opiates because their chemical structure is similar 
· Inhibit sensation of pain
· Increase mood pleasure 

Anatomy and function of nervous system 


Temporal Lobe:
· Auditory cortex
· Wernickes’s area
· Archicorex: hippocampus, amygdala
· Short-term memory systems
· Emotion (aggresive) systems - amygdala

Corpus callosum connects the right hemisphere to the left hemisphere 
Sensation and Perception:
· Question: Transform external energy (stimulus input) → meaningful percept?
· Quantity ? (easy question)
· Quality? (hard question) 
· How is my experience of the universe different from yours?
· We all have the same sensory receptors
· Yet, what you and i call experience of the sensation seems to be different 

Bottom-up processing:
· Sensory receptors 

Top-down processing:
· Previous experience and expectations affect the detection and analysis of information 
· Role of memory. COmpare incoming sensory input to what exists in memory 


Sensation:
· Sensation -- sensory input and transmission
· Sensory receptors
· Transduction: receptor translate (“transduces”) the physical energy
· Objective (more or less) 
· Extraction of basic features 

Adaptation:
· If stimulus intensity remains constant, our sensory receptors adapt to it
· We no longer experience the sensation

Perception:
· Perception -- integration of sensory features to form “percept” 
· Must involve memory
· Processing (presumably) takes place at a higher level
· Might involve consciousness 
· Subjective (the mind’s “I”)

Features to be extracted (physics of energy)
· Frequency -- how often?
· Intensity -- how much ?
· Detection of minimun energy required to stimulate receptor 
· Location -- where is it in space? Spatial location
· Duration -- How long does the stimulus occur?

Difference threshold (just noticeable difference “jnd”)
· Detection of minimum change in energy
· Webers law deltaI / I = k. The magnitude that a stimulus has to be increased (or decreased) in order for a change to be detected is a constant proportion (note not a constant addtion) 

Jnd:
· In order for a change to be detected

Audition:
· Physics of acoustic energy (sound) 
· The ear will transmit the air pressure into something the nervous system understands 
· Frequency coding:
· Location of sound 

Experience of sound
· Quantity 
· Quality (what is experienced) 

Physics of sound:
· Frequency (Hz)
· Intensity (dB)
· Location
· Duration 

Signal detection theory

Sensory coding:
· Limitations of neuron’s all or none law
· Amplitude modulation not possible 
· Coding of sensory modality (but how we experience one modality as being different from one another)
· How do we experience different qualities within the same modality
· Frequency modulation 
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