CHAPTER 1: Basic Concepts in Perception

Naïve Realism: sensation is simple and direct—“I see it because it is there”

· Illusions prove that this is incorrect

Methods in Perception

1. Qualitative Observation

· Getting the big picture

· Non-systematic observation of a given perceptual phenomenon (ex. illusion)

· Threshold seeking methods

2. Qualitative Methods

· Understanding the details

· Flowers look different at night than during the day example

· Two visual systems exist

Threshold-Seeking Methods: measure a physical quantity representing a limit of perceptual ability

· Absolute threshold: smallest detectable physical quantity

· Subthreshold: below absolute threshold

· Suprathreshold: above absolute threshold

· Difference threshold: smallest detectable difference between two physical quantities

· AKA: Just Noticeable Difference (JND)
· Not a constant value, it is a constant proportion

· 50% threshold: the physical quantity detectable 50% of the time

Classic Methods (Fechner, 1850’s)
1. Method of Adjustments 

· Quick and dirty

· Stimulus intensity is adjusted continuously until participant says he can just detect it

· Repeat trials averaged for threshold

· Gives a rough estimate

2. Method of Limits

· Easy on observer, fairly fast and accurate

· Stimuli of different intensities presented in ascending and descending order

· Observer responds to whether she perceives the stimulus—“yes” “no”

· Average of cross-over points from several sequences is taken to obtain final threshold

· Calculated by taking the # between the last visible stimuli and the first unrecognizable stimuli (ex. 99 % 98 = 98.5)

3. Method of Constant Stimuli

· Very slow, but very accurate

· 5 to 9 stimuli of different intensities are presented many times each, in random order

· Multiple trials (often 100s) of each intensity are presented

· Participant does not control intensities

· Gives very specific results

Response Bias
· Lax criterion: tend to say “yes, I see it” a lot

· Strict criterion: tend to say “no, I don’t see it” a lot

Forced Choice Variations

· Participant is given several options to choose from

· Even if you cannot see anything, you have to say something

Weber’s Law: describes the relationship between stimulus intensity and difference threshold as: 

Fechner’s Law: subjective perception is related to stimulus intensity according to:

[ S = k x In (I / Io) ]

K = empirically determined free parameter

I = stimulus intensity

Io = stimulus intensity at absolute threshold

In = Log to base e

· Works well for many sensations (loudness, pressure, weight) but not for others (electric shock) that show response expansion

· Models the response of individual neurons rather than people

Magnitude Estimation

Response Compression: as intensity increases, the perceived magnitude increases more slowly then the intensity

Response Expansion: as intensity increases, the perceived magnitude increases more quickly than the intensity

	SUMMARY:

The 3 Laws of Psychophysics

1. Weber’s Law: relates two physical units: standard stimulus intensity and difference threshold

2. Fechner’s Law: relates a physical unit (stimulus intensity) with subjective intensity

3. Steven’s Power Law: covers stimulus that show response expansion as well as more closely modeling human responses


Sensitivity: measure of one’s ability to detect a given signal (usually at low intensity)

· Symbolized by d’ (“dee-prime”)

Measuring Sensitivity

· Test Trials: present stimulus (signal) on only half of the trials

· Catch Trials: present no stimulus (noise) on other half of trials

· For each trial the participant must say “yes” or “no” regarding if the stimulus is there

Four Possible Results on Each Trial






The stimulus is really…

	
	PRESENT
	ABSENT

	YES, I SEE IT
	Hit
	False alarm

	NO, I DON’T
	Miss
	Correct Rejection


The results of this experiment yield: 

· Proportion of hits (P = #hits / #trials)

· Proportion of false alarms (P = #falsealarms / #trials)

Why does criterion shift?

· Payoff Matrix

· If the cost of a false alarm or reward for a correct rejection is raised, one will tend to form a strict criterion (more “no”)
· If the cost of a miss or reward for a hit is raised, one will form a lax criterion (more “yes”)
Signal Detection Theory

Suggests that any attempt at detecting a signal (stimulus) has to contend with competing noise

· SIGNAL: phone ringing (never have just signal)

· NOISE: sound of show

If the phone isn’t ringing, you just have noise. If the phone is ringing, you have signal + noise

· d’ is essentially a measure of how similar the signal is to the noise for your subjectivity

CHAPTER 3: The Somatosensory System

Stimulus of Touch

1. Pressure

· Measured in Pascals or grams

· Pressure thresholds vary depending on many factors, such as speed of skin deformation, body location, and area of skin)

2. Vibration

· Basis for the sense of movement across skin

· Frequency of vibration is measured in Hertz (Hz) = cycles per second

· Amplitude of vibration is measured in meters

3. Temperature

· Measures in degrees Celsius

· Decreases of increases from physiological zero (32 C) are detected respectively by cold and warmth thermoreceptors

4. Pain

· Excessive intensities of pressure, vibration, and temperature produce painful sensation

· Pain threshold varies according to many factors

Anatomy of Skin

· Heaviest and largest sense organ by far

· Two main layers:

1. Epidermis—outer layer, made up of dead skin cells covered in keratin

2. Dermis—below the epidermis, contains three categories of mechanoreceptors
· Two types of skin:

· Hairy

· Hairless (more sensitive)

Mechanoreceptors

· Sensory neurons that signal pressure on skin

· Respond to changing shape of receptor

· Three main categories:

1. Encapsulated

· Meissner Corpuscle


each of these is a neuron with 

· Ruffini Corpuscle


a specialized ending growing
· Pacinian Corpuscle


out of its dendrites
2. Accessory-structure-associated

· Merkel Disc: dendrites from mechanoreceptor surround a separate skin cell called a Merkel cell (DETECT SUBTLE TOUCH)

· Root Hair Plexus: dendrites surround follicle

3. Free nerve endings

· Simply neurons with extensions that terminate close to skin’s surface

· Mechanoreceptors respond to heal and cold or other various sorts of pain
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DRG Neurons

· Two basic types:

A: Myelinated (faster)

· Alpha—big, very fast

· Beta—medium, transmission speed, carry info from all mechanoreceptors but free nerve endings

· Delta—small, slow transmission. Carry signals from some free nerve endings

C: Unmyelinated

· C Fibres—smallest and slowest, carry pain and warmth signals

Receptive Field

· The area of a sense organ affecting the firing of a given neuron

· Applies to all sense organs: skin, retina, inner ear, etc

· Can have excitatory and inhibitory components

· RFs overlap one another

Temporal & Spatial Resolution

Spatial Resolution—how many receptors are there across an area of the sense organ? Determine how precisely one can know where the stimulus happened

Temporal Resolution—how often does a given receptor respond to stimulus? Determines how precisely one can know when a stimulus happened
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Parallel Pathways

	Dorsal Column-Medial Lemniscal Pathway
	Anterolateral Pathway

	Large fibres (alpha and beta) (fastest)
	Small fibres (delta and C)

	Cross over the medial lemniscuses of brainstem
	Cross over in the spine

	Carry kinesthetic and tactile information
	Carries temperature and pain information

	Fast conduction
	Slow conduction

	Evolutionarily newer
	Evolutionarily older
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Serial and Parallel Processing

Serial Processing—neurons connect to one another in sequence

Parallel Processing—several streams or channels of neurons, each dealing with different aspects of perception being information to the brain simultaneously.
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Sensory System Organization

Contralateral Processing—sensations from left side of body cross over to right side of brain, and vice versa

Topographic Organization—neurons from adjacent parts of sensory organs synapse with adjacent neurons in brain modules

Neural Plasticity

· The organization of somatosensory cortex is not fixed, but can be changed by experience

· This is shown by:

· Experimental evidence in monkey’s—Merzenich et al. excessive stimulation of the finger tip caused a section of the brain to overgrow

· Musicians cramp—loss of skilled hand movements

Perceptual Aspects of Tactile Sensation 

1. Intensity and Sensation (thresholds and magnitudes)

2. Spatial factors

· Tactile Acuity: the ability to locate touch sensations on the body with precision

· Grating acuity

· Two-point threshold: touched by two probes (lab 2)

· Law of outward mobility: acuity gets better the further away you get

3. Temporal factors (vibration and motion)

· Vibration is the basis for sensing motion across the skin

· Vibration—typically happens in the same place at different times

· Motion—vibration happening in different places at different times

· Perceiving texture sense is a higher-order perception involving pressure differences arising from patterns on surfaces

Duplex Theory of Texture Perception
· Spatial cues are determined by the size, shape, and distribution of surface elements

· Temporal cues are determined by the rate of vibration as skin is moved across finely textured surfaces

4. Thermal sensations

· Thermoreceptors react to reduction of thermal energy (sensed as cold)

· Two types of thermoreceptors:

i. Cold receptors—linked to delta fibres

ii. Warmth receptors—linked to C fibres

· Both respond when skin temp departs from physiological zero (approx. 32 degrees)

Proprioception

· Between exteroception and interoception

· It is the sense of one’s own body position and motion

· Includes kinesthesia (the sense of muscle flexion and joint position, and balance, the sense of the body’s orientation in space)

Kinesthesia

Muscle spindle receptors—alpha fibres surround specialized muscle cells. Detect stretch

Golgi tendon organs—alpha fibres entwined around a specialized structure at the junction of muscle and tendon. Detect stretch and flexion of muscles

Haptic Perception of Objects

· Humans use active rather than passive touch to interact with the environment

· Haptic exploration is the active exploration of 3D objects with the hand

· Klatzky et al. have shown a number of techniques:

· Lateral motion—texture

· Pressure—hardness

· Static Contact—temperature

· Unsupported Holding—weight

· Enclosure—global shape/volume

· Contour Following—global shape/exact shape

Pain

· Generally protective

· Individuals who cannot sense pain are in danger of frequent injury

· Pain can be pathological

· Pain vs. injury correlation is weaker than most people think

Types of Pain

1. Nociceptive

· Pain is usually a result of high intensity stimuli.

· It is in response to tissue damage or the treat of tissue damage. 

· It is usually a healthy protective response

· Responds to heat, painful chemicals, pressure, cold

· EX. burn finger on stove

2. Inflammatory

· Caused by damage to tissues and joints that releases chemicals that activate nociceptors (ex. joints swell after injury)

· Inflammation is usually a healthy protective response by the body but can be pathological (Ex. arthritis pain)

3. Neuropathic

· Caused by damage to the central or peripheral nervous system

· Brain damage caused by stroke or spinal cord damage

Cognition and Pain

· Thoughts and emotions can influence the degree of both physical and emotional modalities of pain

· Hypnotic suggestion, expectations, distraction and visualization can all modulate pain levels

Expectation—when surgical patients are told what to expect, they request less pain medication and leave the hospital earlier

Shifting Attention—virtual reality technology has been used to keep patients’ attention on other stimuli than the pain-inducing stimulation

Gate Control Theory

· Developed by “iconoclasts” Melzack and Wall in the 1960’s

· “Pain is in the brain”—pain is not a one-way simple reaction to stimuli

· Pain involves a widely distributed network of brain areas (the pain matrix)

· GCT suggests that inputs from nociceptors can be “gated off” at the spinal level by:

· Afferent tactile inputs (touching in injured location)

· Top-down inputs (attentional modulations)

Opiods and Pain

· A number of endogenous and exogenous chemicals called opiods can reduce pain

· EX. painkillers such as morphine

· Endogenous opiods are called endorphins and are released by:

· Painful experiences

· Pleasurable/relaxing experiences

Naloxone

· A drug used to treat heroin/morphine overdose

· Blocks endorphin receptor sites, causing increase in pain

· Decreases the effectiveness of placebos, suggesting that endorphins play a role in the placebo effect

CHAPTER 4: Chemosensory Systems

Two Basic Components that Interact:

1. Gustatory System (taste)

2. Olfactory System (smell)

Gustation—Stimulus of Taste

1. Saltiness

· Arises from receptors responding to sodium

· Sodium is necessary for many bodily functions

2. Sourness

· Arises from receptors responding to acids

· Pleasant combined with sweet (indicating fruit)

· Unpleasant combined with bitter (indicating decomposition)

3. Sweetness

· Arises from receptors responding to carbohydrates

· Generally pleasant (indicating high calorie foods)

4. Bitterness

· Arises from receptors responding to a variety of chemicals

· Generally unpleasant (indicating toxins)

· EX. caffeine, alcohol, etc

5. Umami (Savoury)

· Controversial

· Recently discovered receptors respond to amino acid L-glutamate

· Pleasant (indicating presence of proteins)

6. Piquancy

· Spicy, hotness, pungency, prickliness, etc

· A pain sense that interacts with taste receptors

The Taste System

Tongue contains four types of papillae:

· Filiform: shaped like cones and located over entire surface

· Fungiform: shaped like mushrooms and found on side and tip

· Foliate: series of folds on back and sides

· Circumvallate: shaped like flat mounds in a trench located at back

( Tongue contains 6,000 taste buds and each taste bud has several taste cells with microvilli that extend to the taste pore
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Transduction

There are different transduction mechanisms for different basic tastes

1. Salty & Sour Ionic Channels

Positive ions from salts or acids travel through ionic channels in the taste cells, depolarizing them and leading to neurotransmitter release

2. Sweet & Bitter G-Protein Coupled Receptor (GPCR)

Sweet—wide variety of tastants trigger GPCR to release cAMP messenger in sweetness-detecting taste cells

Bitter—wide variety of tastants trigger GPCR to release calcium messengers in bitterness-detecting taste cells

Coding of Gustatory Signals

“Labeled Line”—Each receptor picks up just one modality and transmits it via a single dedicated fibre, therefore one fibre can provide information about modality and intensity (touch sensations largely work like this)

“Cross-Fibre Coding”—Each receptor responds to multiple modalities and transmits signals about both along the same fibre

· Response strengths differ based on modality and intensity

· Therefore, one fibre cannot provide information about modality and intensity

· Taste sensations work like this

Intensity and Quality
· Intensity (strength) of a taste is related to the concentration of a tastant (measured in ppm)

· Quality (flavour) has many dimensions and is difficult to quantify
· No simple relationship between molecular structure of tastants and taste quality
Absolute Thresholds

· Vary widely from one tastant to another

· Bitter substances have lower thresholds (followed by sour, salty, & sweet)
· The presence of one tastant affects thresholds of another (Sweet blocks salty)
· Temperature affects thresholds as well (cold beer tastes less bitter)
· Sensitivity drops with age (especially for bitter and salty)
· Thresholds vary slightly depending on area of tongue
Olfaction—Smell
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Pheromones
· Messenger chemicals that control the Four F’s of survival

· Fighting, Fleeing, Feeding, Fornication

· Recent work supports the existence of “cranial nerve 0” in humans

· CN0 projects from nasal cavity to septal nuclei and other brain areas known to regulate sexual behaviour

· CN0 may be involved in human pheromonal control of sexual arousal, but this is highly controversial

Olfactory Sensory Neurons & Glomeruli

· Glomeruli are bundles of OSN axons in olfactory bulb

· There are about 2000 of them per bulb

· The glomeruli has information about different odourants mapped onto different glomeruli

Coding of Olfactory Signals

· Each given type of OSN projects to only one type of glomerulus so anatomy suggests “labeled lines”

· However, odourants can stimulate the same type of OSN and its associated glomeruli

· Multiple OSN types and their associated glomeruli respond to any given odourant

Absolute Thresholds

· Detection thresholds vary greatly across odourants

· There is greater individual variability here than expected

· Age raises thresholds

Describing Odour Quality

· Difficult because there is no consensus on odour primaries

· Henning attempted to describe all odours as combinations of 6 primaries:

· Putrid

· Fruity

· Resinous

· Spicy

· Flowery

· Burnt

Odour Identification

· We can identify odours, but naming them is often difficult

· The threshold concentration for identifying an odourant is often 10x higher than for detecting it

· Females show greater identification accuracy

Odour & Emotion

· Olfaction is sometimes said to be the sense most closely attached to emotion

· Olfaction system is linked to limbic system (which processes emotions)

· Odours are used in aromatherapy

CHAPTER 5: Hearing—Sound & The Ear

Sound Waves: longitudinal waves, meaning that variations in intensity are parallel to the waves direction of travel 

Pure Tones: the simplest form of sound wave

· Defined by two qualities:

· Amplitude: subjective loudness
· Frequency: subjective pitch
Amplitude

· Difference in sound pressure between high and low peaks of wave

· Sound pressure is typically measured in micropascals
· Sound intensity is square of pressure and is more directly related to subjective loudness
Frequency

· Number of amplitude cycles within a given time period

· Measured in Hertz (1 Hz = 1 cycle per second)
· Perception of pitch is related to frequency
The Doppler Effect

· When a sound source approaches at high speed, its sound seem to increase in frequency, then decrease as it passes due to compression and expansion of sound waves

Complex Sounds

· Made up of pure tones with their own frequency and amplitude

· Fundamental frequency: the lowest frequency element of a set of tones
· Overtones: higher frequency elements of a sounds
· Together, the tones that make up a sound are referred to as its frequency spectrum, which is in part responsible for a sounds timbre

Attack and Decay

· Attack of Tones—build up of sound at the beginning of a tone

· Decay—decrease in sound at end of tone

Periodic and Aperiodic Sounds

Periodic Sounds—have patterns that repeat across time; ex. musical notes, vowel sounds

Aperiodic Sounds—have no repeating pattern; ex. hissing sounds
Fournier Analysis/Synthesis

· Fournier discovered that any function could be mathematically broken down into a series of sine waves (Fournier analysis)

· Our auditory system does this by breaking down sounds according to their pure tones

Sound Transmission

· Sound waves must move through a medium (air or water)

· Speed of sound depends on density and elasticity of medium

· More dense = Slower transmission, More elastic = faster transmission

Inverse Square Law

· As sound moves out from a source, its intensity is spread over a larger and larger area

· The area is proportional to the square of the distance

Sound & Objects

· Objects create different sounds based on their size, mass, and elasticity

· An object has a “natural” or resonant frequency at which it vibrates

· This will be lower frequency the larger the object is, and higher for more elastic objects

· Objects also absorb, reflect, transmit, or diffract sound based on their physical properties

· The shape of an object is important in how it will absorb or reflect sound 

· Diffraction occurs when sound waves encounter objects

Anatomy of the Ear

1. Outer Ear

· Pinna and auditory canal

· Pinna helps with sound localization

· Auditory canal = 3cm long tube that protects tympanic membrane at the end of the canal

2. Middle Ear

· 2cm squared cavity separating inner from outer ear

· Contains three ossicles: malleus, incus, and stapes

Function of the Ossicles

Ossicles amplify the vibration for better transmission to the fluid of the ear in two ways:

· Condensation Effect: eardrum is larger than the stapes footplate, so force is concentrated down on a smaller area to create higher pressure

· Lever Effect: ossicles are set up like a lever arm and allows weaker force of air vibrations to move liquid in cochlea

3. Inner Ear: The Cochlea

· Fluid-filled snail-like structure set into vibration by stapes

· Divided into three canals by two membranes: 

· Scala vestibuli (Reissner’s membrane)

· Cochlear duct/scala media (Cochlear Partition)

· Scala tympani
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The Organ of Corto

· Consists of inner and outer hair cells and their supporting structures

· Rests on the Basilar membrane, which vibrates in response to sound stimuli, activating hair cells

· Inner hair cells are the receptors for hearing

· Tectorial membrane extends over the hair cells

· Transduction at the hair cells takes place due to the bending of tectorial and basilar membranes

Neural Signals for Sound Frequency

There are two ways nerve fibres signal frequency:

1. WHICH fibres are responding (Place Theory)

2. HOW fibres are responding (Frequency Theory

Bekesy’s Place Theory

Frequency of sound is indicated by the plate on the organ of Corti that has the highest firing rate.

· Determined in two ways:

· Direct observation of basilar membranes from cadavers

· Building a model of the choclea using the physical properties of the basilar membrane
· Base of membrane is 3-4 times narrower than the apex

· 100x stiffer than at the apex

Transduction: Inner hair Cells

· Hearing requires extremely rapid response because to signal a 20,000Hz tone requires the cells to be able to respond once ever .05 milliseconds!

· Direct physical mechanism is used because GPCRs are too slow for this

Inner Hair Cells

· There are 3x as many out hair cells than inner hair cells

· Transduction occurs at the inner hair cells

· When the cilia are bent, tiny filaments between their tips called “tip links” are pulled

· The tip links directly and mechanically open the ionic channels, causing the cell to hyper polarize

Outer Hair Cells

· Do not transduce sound

· Help play a role in boosting IHC response

· When sound stimulates the OHC they contract and expand, which amplifies the motion of the basilar and tectorial membranes (which then stimulate IHC)

· OHC also produce an elective field when stimulated

Phase Locking

· Phase is a characteristic of sine waves describing where the wave starts

· The IHCs ma exhibit action potentials when a pure tone is at highest compression

** Pathway from the Cochlea to the Cortex **

Auditory nerve fibres synapse in a series of subcortical structures  (C SONIC MG A1)

· Cochlear nucleus

· Superior Olivary Nucleus (in the brain stem)

· Inferior Colliculus (in the midbrain)

· Medial Geniculate nucleus (in the thalamus)

· Auditory receiving area (A1 in the temporal lobe)

1. Cochlear Nucleus

· Systematic organization of how cells respond according to frequencies

· Bushy Cells—code for different frequencies & inhibit one another
· Stellate Cells—fire for duration of stimulus with rate indicating intensity of sound 

· Octopus Cells—fire at sound onset/offset and may provide sound-timing info
2. Superiour Olivary Nucleus

· Has tonotopic organization

· First site of binaural activity

· First analysis of sound direction (horizontal) which works via analysis of timing and intensity differences between the 2 ears

3. Inferior Colliculus

· Receives inputs from many higher areas, such as A1

· Switchboard for regulating auditory attention

4. Medial Geniculate Nucleus

· Nucleus of the thalamus

· Tonotopically organized, but in a complex fashion

· Processes all aspects of sound

· First site of complex pitch perception

5. Auditory Receiving Area

· Signals from MGN arrive in A1 (primary auditory cortex)

· A1 seems to process relatively simple sound info regarding frequency and location

· A2 processes more complex aspects of sound
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CHAPTER 6: Perceptual Aspects
Loudness: the subjective perceptual quality of sound related to pressure or intensity

· Depends on frequency of sound

Absolute Detection Thresholds

· The pressure at which loudness is greater than 0 varies according to Hz

· Maximum sensitivity at 2-5kHz, also where human speech has most energy

	Psychometric Function
	Psychophysical Function

	Function of physical quantity and behaviour
	Function of two physical quantities

	Shows one threshold
	Shows how threshold on one physical quantity varies as a function of the other
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Spatial and Temporal Integration

· Any sensory must integrate signals across a certain range of space and time

· Longer and larger integration provides greater sensitivity but lower acuity (details can be lost)

Difference Threshold

· As with absolute thresholds, difference thresholds vary with Hz

· That is, the Weber fraction varies with Hz

· It also varies with intensity, only remaining constant across moderate intensities

Noise Making Experiements

· A tyle of psychophysical experiment examining how one sound affects perception of another

· Two basic types:

· Tonal Masking: How much does one pure tone impair perception of another?

· A test tone of fixed frequency and amplitude is chosen 

· Then a series of masking tones of different frequencies are presented

· For each mask, the observer adjusts its intensity (dB) until it just drowns out the test tone

· Noise Making: how much does aperiodic sound impair perception of tones?

· A constant noise mask is used

· Typically, this will be a narrow-band white noise, meaning an aperiodic sound with frequencies in a certain limited range

Frequency & Pitch

· Relate to one another in a complex way

· As frequency increases, one aspect of pitch, called tone height, increases linearly

· But another aspect, tone chroma, changes in a circular fashion

Auditory Localization

· Auditory space—surrounds an observer and exists wherever there is sound

· Locations in auditory space are defined by:

· Azimuth coordinates—position left to right

· Elevation coordinates—position up and down

· Distance coordinates—position from observer

Sound Localization Accuracy

· On average, people can localize sounds directly in front of them more accurately than those to the side or behind them

· In audition, source cues are NOT present on the cochlea

Cues for Sound Localization

1. Binaueal Cues: location cues based on the comparison of the signals received by the left and right ears
· Interaural Time Difference (ITD): Difference between the times sounds reach the two ears

· When distance to each ear is the same, there are no differences in time

· When the source is to the side of the observer, the times will differ

· Interaudal Intensity Difference (IID): difference in sound pressure level reaching the two ears
· Reduction in intensity occurs for high frequency sounds for the far ear
· The head casts an acoustic shadow
· This effect doesn’t occur for low frequency sounds, which diffract around the head
2. Monaural Cue

· The Head-Related Transfer Function (HRTF): as sounds encounter the head, they are modified by its structures

· Some frequencies are reduced in amplitude while others are increased

· The patten of increases and decreases is called the HRTF

· This differs depending on the elevation of the sound source

Hofmann Experiment on Judging Elevation

· Listeners were measured for performance locating sounds differing in elevation

· They were fitted with a mould that changed the shape of their pinnae

· Results:
· Right after the moulds were inserted, performance was poor

· After 19 days, performance was close to original performance

· Once the moulds were removed, performance stayed high

· This suggests that there might be two different sets of neurons—one for each set of HRTF cues
Methods for Measuring Sound Location Accuracy

1. Free-Field Presentation: sounds are presented by speakers located around the listener’s head in a dark sound-proof room

· Sounds are presented by speakers located around the listener’s head in a dark room

· Listener indicates location by pointing or by giving azimuth and elevation coordinates

· Advantage: highly naturalistic stimulus properties

· Disadvantage: expensive equipment, some lack of control over exact sound contents

2. Headphone Presentation of Sounds

· Says that sound can be externalized by measuring each subject’s HRTF and applying it to the presented sounds

· Advantage: experimenter has precise control over sounds (also much cheaper)

· Disadvantage: cues from the pinna (HRTF) are eliminated, which results in the sound being internalized

Identifying Sound Sources

Auditory Scene: the array of all sound sources in the environment

Auditory Scene Analysis: process by which sound sources in the auditory scene are separated into individual perceptions

- Aspects include sound localization, segregation of sound signal into those coming from individual sources, and grouping of separate sounds into those coming from a given source
( This does not happened at the cochlea, since simultaneous sounds will be together in the pattern of vibration of the basilar membrane

Gestalt Heuristics

· A gestalt heuristic is a rule applied to organizing sensory inputs to determine, for example, which elements of a scene belong to which object, or which elements represent edges between an object and its background

· Examples: Proximity Principle and Similarity Principle
Principles of Auditory Grouping

· Like visual stimuli, sound stimuli tends to be perceptually organized according to the following heuristics:

· Proximity—a single sound source comes from one location

· Smoothness—a single sound source changes (location, pitch, etc) in a smooth and continuous way

· Similarity—a single sound source produces sounds of similar timbre

Melodic Channeling

· Experiment by Deutsch

· Stimulus were two sequences alternating between the right and left ears

· Listeners perceive two smooth sequences by grouping the sounds by similarity in pitch 

· This demonstrates the perceptual heuristic that sounds with the same frequency come from the same source, which is usually true in the environment

Direct & Indirect Sound

Direct Sound—reaches the listeners’ ears straight from the source

Indirect Sound—is reflected off the environmental surfaces and then to the listener
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