[bookmark: _WNSectionTitle_3][bookmark: _WNTabType_2]	2015-10-13 10:02 AM

Involves extractions of features to form a perception
Compare those images to memory 

BIG QUESTIONS

Transform external energy (stimulus input)  meaningful percept?
How is my experience of the universe different from yours?
Individual differences  subjective consciousness


All individuals seem to have the same sensory receptors
“experience” and “consciousness” of the sensation is all DIFFERENT

SENSATION
Sensory input and transmission
Receptors
Highly specialized
E.x. Light energy only detected through eye receptors 
Transduction
Receptors transduces one form of energy into another form of energy
At this level, it is more or less objective 


Extraction of Basic Features

PERCEPTION
Must involve memory
Processing (presumably) takes place at a higher level than sensory
Might involve consciousness
May not be conscious of the fact that you are extracting features
Subjective (the minds “I”)


Features to be Extracted
Frequency (how often?)
Intensity (how much?)
Location (where is it in space—spatial location)
Duration (how long does the stimulus occur?)


ABSOLUTE THRESHOLD
Detection of minimum energy required to stimulate receptor
Minimum amount of energy required to detect the stimulus on 50% of trials
Subliminal/Supraliminal stimuli
Subliminal—below threshold
Supraliminal—above the threshold 

DIFFERENCE THRESHOLD
Detection of minimum change in stimuli 
Weber’s 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 (not: not a constant addition) 

SIGNAL DETECTION THEORY
The absolute threshold may vary for reasons that have nothing to do with “sensitivity”
Subjects might be more or less willing to indicate that they have detected a low intensity stimulus
Thus, on some trials, a no-stimulus “catch” trial is included
No stimulus 
If subject answers “yes” to this stimulus is it considered a false alarm

                                     Subjects Decision
Stimulus present       YES                           NO
	Yes
	Hit
	Miss

	No
	False Positive
	Correct Rejection



DECISION MAKING THEORY


SENSORY CODING
Limitations of neuron’s all-or-none law
Amplitude modulations not possible 
Coding of sensory modality
How do we experience one modality as being different from another?
How do we experience different “qualities” within the same modality
Mullers “specificity”
Frequency Modulation 

AUDITION

Experience of sound
Quantity
Quality (what is experienced)

Physics of Sound
Frequency (Hz—pitch)
Intensity (dB)
Location
Duration

AUDITORY THRESHOLD
Intensity scale = decibel (dB)
Measure of sound pressure level
Log scale
10 dB  10 (10^1)x pressure
20 dB  100 (10^1)x pressure
and so on….

THE EAR
Outer ear
Pinnae
Auditory canal
Captures and amplifies the sound
Middle Ear
Ear drum
Beats in accordance to pitch
Can vibrate between 20 and 20,000 Hz
Hammer, anvil, stirrup
Bones that rattle together to transmit sound
Extreme sound can cause pain in the muscles of the middle ear 
Stirrup in contact with wall of cochlea
Inner Ear
Cochlea
Filled with water and hair cells that detect movement 
Auditory nerve
Located within the cochlea 

THEORY OF PITCH AND INTENSITY
Frequency theory –developed early 1900s
Frequency (number) of times auditory nerve fires codes frequency (ex. 200 Hz frequency coded by 200 action potentials/sec)
Intensity coded by number of auditory nerve neurons that carry signal

Problems:
Limit to frequency at which a neuron can fire (up to 1000 per second)

Place Theory
Depends on where the cochlea is stimulated 
Frequency coded by place stimulated on basilar membrane
Intensity coded by frequency of firing
Specific auditory nerve fibres carry specific frequencies

Support
Neuronal populations throughout the auditory relay system (brainstem, thalamus, auditory complex) do respond to specific frequencies 
Damage to basilar membrane will result in hearing loss to predictable frequencies
Particularly the case for high frequencies
Ageing results in deterioration of hair cells

Problems:
Low frequencies generate a general movement of basilar membrane (see lecture notes to expand!!!!!)

Volley theory
A single neuron cannot fire at a rate higher than 1000 Hz
But if the neurons fire in a volley (like cannons) then higher frequencies can be detected

Localization of Sound
Time difference between arrival of the sound between left/right ear 
Intensity difference between the ears

HEARING LOSS
Conductive hearing loss—problems with the ear canal, ear drum, or middle ear ossicles
Sensorineural hearing loss –problems of the inner ear
Cochlear implants (Bionic Ear)
Plant electrodes directly into the auditory nerve 
A microphone, a processor, a transmitter & receiver/stimulator 
An electrode array (perhaps 20-50), implanted in different regions of the auditory nerve 
The sound listeners hear is not completely natural 
Only a small number of electrodes, not thousands
Problem of encoding in the auditory system 


AUDITORY PATHWAYS TO CORTEX

1. Medulla
2. Midbrain
3. Thalamus
4. Auditory cortex 

Identifying Sound and Location
Thalamus  primary auditory cortex
Structures anterior to primary auditory cortex and anterior frontal lobe (the WHAT of the sound)
Posterior to primary auditory cortex, parietal lobe and frontal lobe (the WHERE of the sound)
Forming a PERCEPTION 

(FILL IN MISSING INFO)
VISION
The Eye

Cornea—protective layer  on outside of eye
Lens—focus image on retina
Iris/pupil- restricts & elongates based on light
Retina
Cones and rods
Chemical reactions to light
If the reaction is strong enough, the bipolar cells will be activated (action potential)
Bipolar cells then activate ganglion cells
Axons of ganglion cells converge at the “blind spot” to form the optic nerve
Fovea
Blind spot 
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Cones
Packed in the center of the retina, near the fovea(where vision is most acute)
Colour vision (red, green blue)
Sensitive to only high intensity light 
A single cone or multiple cones may project onto a single bipolar cell
Output of the cone will have to be very high to activate the bipolar cell 
Dependant on the intensity of the light
Need a great deal of light to see in colour 
Rods
In the periphery
Many more rods than cones spaced relatively far apart 
Not sensitive to colour
Several rods project onto a bipolar cell 
Sensitive to low levels of light 

Colour Theory

Young-Helmholtz 3-colour theory and Hering 2-colour theory

3 types of cones
All colours are made by mixing red, green, and blue
Problems:
You never see reddish-green colours or blue-yellowish colours 
We see yellow and white 
Colour Blindness
Always red-green or blue-yellow colour blind
If we damage the red cone, would we not just be red colour blind?
Colour adaptation
Studies in which a subject looks at colour then looks at a neutral surface (afterimage) 
2 Colour Theory
Opponent colour theory
Opposing colour cones project to a single bipolar cell (ex. Red and green cones project to a single cell)
Red-green bipolar cell increases firing when red is presented but decreases firing when green is presented 
Evidence
Colour blindness (if you lose red you also lose green)
Colour afterimages
Against
We do in fact have 3 cones

Light entering eye triggers photochemical reactions in rods and cones at back of retina

Bipolar cells then activte ganglion cells, the axons which converge to form the optic nerve

Nerve transmit image to the brain’s visual cortex 

VISUAL PATHWAY TO THE CORTEX

Half of the optic nerve crosses near the hypothalamus, the crossing point is called the optic chiasm 
Left visual field  right thalamus  right visual cortex
Right visual field  left thalamus  left visual cortex
Thalamus  primary visual cortex is optional if visual info is relevant 

Feature Detection
Single neurons in the primary visual cortex seem to be highly specialized for the detection of specific features
Horizontal and vertical lines, lines at a specific angle or perhaps a very specific length 
Farther from the primary visual cortex, highly specialized regions detect very specific objects (ex. Faces, houses, chairs, houses AND chairs) 


PAIN

Common to all senses
Intense stimulation 
Receptors: Nociceptors
2 types of pain
Phasic pain
Rapid pathway short term pain 
Tonic pain
Long lasting pain 
Different pain pathways 
Natural Painkillers “endorphins” 

Perception of Pain
Great deal of individual differences 
Highly psychological 
Dependant on selective attention (attend to pain, experience pain)
Pain perception can be modulated by:
Drugs (pain killers)
Inattention 
By “will”
Placebo effects

Gate Control Theory of Pain
Melzack and Wall
Bottom up processing
Pain receptor and some other receptor are stimulated simultaneously 
Pain is not perceived to be less intense when you are attending another stimulus 
The other stimulus is processed and we become conscious of it 
Processing of the pain is inhibited—no consciousness of it
Top Down Processing (Gate Control Theory)
Consciously “will” ignore pain and attend to something else
Learning/previous experience
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