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Introduction to Perception     	
Mather Chapter 1  
Week 1 
 
� Types of senses 
� Methods of measurement 
� Physiological principles  
� neural impulses  
� transduction 
� Hierarchal processing 
� selectivity 
� organisation 
� specific nerve energy 
� plasticity  
� noise 
� Perceptual principles  
� sensation 
� detectability 
� sensory magnitude 
� adaptation 
� Theoretical principles  
� representation  
� computation  
� linking propositions decision rules 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cues: L1: Introduction to Perception  
 • How many senses do we have? 8 

• These are the 5 
• Sight (visual) 
• Hearing (auditory sense) 
• Smell (olfaction)  
• Taste (gustatory sense)  
• Touch (tactile sense, or haptic sense)  
• Equilibrioception (balance)  
• Proprioception (body awareness) 
• Vision is usually the dominant sense and it has the best 

range, we can see things which are 2000 light-years away.  
• When the senses conflict with each other we tend to 

believe vision and by some estimates, a large part of our 
cerebral cortex responds to visual stimuli.  

• Which areas of psychology are impacted by perception?  
• It helps with Agnosia, areas of the brain that have been 

damaged and now the individual struggles to recognise 
objects.  

• Aperceptive Agnosia  
• Associative Agnosia  
• Phantom limb syndrome: still have sensations in the limb 

that isn’t there.  
• Body dysmorphic disorder: convinced that they’re much 

larger than they really are.  
• It turns out that we can induce this illusion in a lab in 

under two minuets and we can reverse it as well. 
• There are also some people with psycho-pathologic 

conditions as well also some people who are depressed or 
autistic who fail to recognise facial expressions. For all of 
these things you’ll have to understand perception.  

• Optics is about the light and the bending of light when it 
passes through certain media. This is why we don’t call 
them optical illusions, because the illusions are in your 
brain, not necessarily with your optics.  

• There are also illusions in other modalities.  
 

Summary 



Cues: L1: Introduction to Perception 
 • Simultaneous Brightness Contrast; when you get rid of the 

background the two squares are the same.  
• Adelson Checkerboard, where the squares A and B are the 

same colour.  
• The Fraser Spiral is not a spiral at all.  
• Illusions of Depth Ames Room. The children are exactly 

the same height, what’s happening is that one is actually 
twice as far away as each other. The left corner is actually 
way way deeper.  

• Stereopsis has been going around since the 1930’s for the 
effect for 3D movies.  

• Thatcher illusion you don’t process upside-down faces the 
same way you process non upside-down faces.  

• Illusion of motion is the rotating snake illusion.  
• Physiological principles 
• Transduction: electrical signals which our brains interpret 

to become our perceptual world. The neural impulses 
travel along axons which take them to the next nerve cell 
after processing then these physical signals are turned into 
an electrical signal.  

• For physiological processes we refer to the sense organ as 
the pathway (which is up) and the higher interpretative 
areas of the brain are higher up in the hierarchy as well. 

• Both top down and bottom up processing exist. 
• Physiological principles, the stimuli you perceive can vary 

across different dimensions.  
• We tend to have the larger number of neurons in the cortex 

devoted to the most important areas.  
• The Doctrine of Specific Nerve energies it’s actually kind 

of common sense. The doctrine sums up the fact that each 
of your senses projects to a slightly different cortical area. 
For example, your visual signals go through your eyes and 
then they end up in the visual cortex right at the back and 
the signals from audition go go the auditory cortex etc.  
 

Summary 



Cues: L1: Introduction to Perception 
 • The principle of plasticity changes most when you’re a 

child and most of your visual development is complete by 
the age of 12.  

• Noise refers to random variations of nerve firing even 
when a stimulus is constant.  

• Detectability, the more intense a stimulus the more likely 
you are to detect it.  

• If your threshold is really high that means I’ve got to turn 
up that light for you to see it. (Bad thing) 

• If your threshold is really love that means you can see 
detect it under adverse conditions. (Good thing) 

• Sensitivity is the opposite of your threshold. So if you’ve 
got a really low threshold then you have high sensitivity. 
Conversely a low sensitivity is a really high threshold.  

• These general principles apply to all of your senses.  
• Problems with the method of adjustment, is that people can 

cheat and lie.  
• So we just use the method of intensity, where the intensity 

is pre-determined.  
• Psychophysics: When the light is just on the edge of 

detectability sometimes you get it and sometimes you 
don’t which is why the threshold is 50%.  

• Psychophysics: measuring magnitude, we’re going to give 
you the sound of a ten if you hear something higher or 
lower let us know.  

• Magnitude if I double the intensity of the shock you will 
double your reaction to it. 

• We might want to measure our ability to tell two stimuli 
apart and that is known as discrimination and it’s 
extremely important. The smaller the difference that you 
can tell apart the better.  

• Precision vs. Accuracy.  
• Your precision is relative to your spread around the board, 

if they all land at the same place that’s really precise. If it’s 
really clustered around the bullseye that’s really accurate. 

Summary 



Cues: L1: Introduction to Perception  
 • Adaptation is a result from prolonged stimulation and the 

neurons in your brain will decrease, this often causes an 
imbalance in the amount of firing which leads to a 
perceptual balance, i.e. an illusion which is termed an after 
effect.  

• Optical imaging can help you tell which areas of the brain 
are responsive to particular stimuli. 

Summary 



Sound, Ear & The Brain      
Mather Chapter 4 
Week 2 
� Sound 
� Frequency: low or high 
� Amplitude: loudness 
� Phase 
� Fourier theory  
� Fourier spectrum 
� Spectrogram  
� Filters 
� Transfer functions 
� Linearity 
� Physiology of the Auditory System  
� Outer ear 
� Middle ear 
� Inner ear 
� Sound frequency coding 
� Place code 
� Frequency code  
� Coding intensity 
� Is the ear a Fourier analyzer?  
� Auditory pathway(s) 
� “what” processing 
� “where” processing 
� Auditory cortex 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cues: L2: Sound, Ear and the Brain 
 • All a sound wave is, is periodic phases of compression and 

refraction 
• So this is a tuning fork at rest and the air molecules are 

resting and once you hit it, all the little air molecules go 
into rays of compression and refraction. Refraction is 
when it goes into the negative on the axis.  

• Frequency is the pitch of the sound, when they’re different 
pitches. To get a frequency rating you look at how many 
full waves are in 1 second. Up, down and middle on the 
graph is one wave.  

• In the Human brain we can hear 20 of these waves per 
second- 20, 000 HZ.  

• Amplitude is another parameter. How load it is. If the 
wave went up higher it would have a higher amplitude.  

• The third parameter is phase which is how far though the 
wave cycle you are. It’s also measured in degrees.  

• 0, 180 when the line is flat and 360 degrees in a full cycle.  
• Amplitude is also called loudness, which is NOT the same 

as volume.  
• Tambre is phase and it just means the sound. So different 

instruments have different tambre’s.  
• The phase and the harmonics give us different sounds and 

different noises in the environment.  
• If there’s a periodic wave does it ever change? No. It 

means that it’s going to be the same it’s going to have the 
same wave form on the x axis.  

• Adding waves together, the frequency wouldn’t change but 
the amplitude would.  

• When we want to figure what went into this to figure out 
this complex sound, we call that process of investigation 
fourier analysis.  

• Fourier analysis aims to break complex wave forms down 
into their simple waveforms.  

• The loudest wave is called the fundamental frequency. It’s 
the lowest pitch within a sound that you hear.  

Summary 



Cues: L2: Sound, Ear and the Brain 
 • Then there are harmonics which are higher in frequency 

and then they build on each other.  
• The x axis doesn’t really give us a lot of information so we 

plot these kind of graphs on a frequency spectrum. The 
fundamental frequency is both the lowest frequency and 
the highest amplitude.  

• Fourier theory continued: 
•  if we break up the complex sound wave and break it up 

and there’s more or less sound waves then it’s not he same, 
we haven’t analysed it probably.  

• We basically want the same results from the complex tone 
as when we break it apart. 

• All the waves in your complex tone bust equal the same 
A+B+C tones. 

• Is the ear a fourier analyser?  
• Maybe: we do separate them via their sign waves in the 

auditory filter. Our brain can also encode phase 
information.  

• Against: if it was a real fourier analyser and if you get two 
tones you should get two different sound waves. But the 
brain actually see’s them as the same thing.  

• The Physiology of the ear: 
(1) pinea; which is shaped to draw the sound into the ear.  
(2) miatus; which is the tunnel before the ear drum.  

• There are also 3 little bones in your ear and they are called: 
-malleus 
-inkus 
-stathees 

• The ear drum is also scientifically referred to as the 
tympanic membrane 

• The cochlea is also filled with fluid.  
• The difference between humans and animals is that animals 

move their ears to attenuate to the sound.  
 

Summary 



Cues: L2: Sound, Ear and the Brain 
 • More information about sound moving through the ear; as 

the fluid goes along the basilar membrane the hairs send an 
electrical current which goes through the auditory nerve up 
to the brain.  

• If something damages our auditory nerve it can actually case 
deafness.  

• For every one inner hair cell there’s 3 outer hair cells (nerve 
fibres) 

• There are 11-13,000 outer hair cells  
• The way the hairs produce action potentials is by pulling on 

the techorial and stero membranes in opposite directions.  
• Certain cells respond to certain auditory fibres.  
• Tuning curves; as soon as you hit that frequency the inner 

hair cells fire. The characteristic frequency is the main bit.  
• There are different types of filters.  

- Low pass filters: everything lower than a certain cut off 
is allowed in. Higher frequencies are not allowed in. 
(Like a coffee filter)  

- High pass is the opposite. 
• Afferent means arriving 
• Efferent means exiting, the outer hair cells receive efferent 

information.  
  
 

Summary 



The Body and the Chemical Senses     
Mather Chapters 5,3  
Week 3 
� Somatosensory 
� Receptors  
� Pathways  
� Detection  
� Discrimination  
� Texture perception 
� Object recognition  
� Vestibular receptors  
� Labyrinth  
� Planes 
� Axes  
� Translation  
� Rotation 
� Otoliths  
� Semicircular canals  
� Central vestibular pathways  
� vestibular cerebellar 
� vestibular thalamic 
� vestibular spinal 
� vestibular ocular 
� Vestibular perception  
� Vertigo 
� Motion sickness 
� Alcohol nystagmus  
� Oculogyral illusion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cues: L3: The Body and the Chemical Senses 
 • Pitch: looking at the basilar membrane and how certain 

frequencies hit the basil membrane (BM)and that’s 
how we encode pitch 

• Loudness isn’t perceived the same across all 
frequencies  

• Localisation how we can use both our ears to figure out 
where a sound is coming form in the environment.  
 
Pitch theories have to explain both pure tones and 
complex tones. 
1. That there’s a certain place on the BM for diff 

frequencies 
2. Phase locking 
3. Pattern theory 

 
1. Place theory (extrapolations) 

-tuned frequencies; respond to a certain frequency 
and a bandwidth of that frequency. 
- the base of the BM looks for high frequency and 
visa versa.  
-Frequencies are the amount of cycles p/sec that we 
hear as pitch.  
-It predicts that one tone depends on the bandwidth 
- if we had a frequency of 2000 and this auditory 
filter lets in 200HZ on both sides meaning that the 
residue is 1600HZ.  
 

• Problems with place theory: 
the BM is not taught like an elastic band. To test this, 
we look at the differences between the two things 
using the measure of Just Noticeable Differences. 
(Comparing 2-3 tones.) 1000HZ, 1500 HZ then 7HZ 
diff. 

 

Summary 



Cues: L3: The Body and the Chemical Senses 
 Masking 

Imagine you’re at a party and someone is talking to you and 
for you to pick out the signal the person and you have to speak 
louder. Masking is similar because we present white noise 
(fuzzy noise) and we make stimuli around this 2000HX signal. 
Then we add the mask which has that frequency inside it, so to 
hear it you have to play it louder because of the auditory filter 
where neurons are firing so it’s hard to separate this 2000hx 
frequency.  

 
Critical Bandwidth (from masking experiments) 
It doesn’t matter what’s outside this because it’s outside of the 
auditory filter i.e. our critical bandwidth. The higher your 
critical bandwidth or once it surpasses this it disrupts a 
different filter not he same filter. This helps us to determine 
how big the auditory filters are and to see what they let 
through.  

 
We also know that critical bandwidth increases with 
frequency. Sharply tuned is when the frequencies (U’s) are 
small and bigger as they’re more spaced out. 
The missing fundamental The lowest tone within the 
complex tone 
People always report hearing this fundamental frequency even 
when it’s not there. This presents are problem for place theory 
because if it was played along the BM after being broken up 
from a complex tone that that’s how we perceive the sound so 
2000HX getting higher you should be able to get the whole 
sound from those smaller sounds. However, you can still here 
the same pitch even though there’s no fundamental frequency. 
Perhaps this is due to non linearity’s introduced into the BM, 
BUT if you mask the fundamental should you still be able to 
hear it? 300HZ v 300HZ, no. Which suggests that it’s not all 
about he BM. 
 

Summary 



Cues: L3: The Body and the Chemical Senses 
 Timing theory 

The firing of the nerves phase lock at certain frequencies. It 
always locks on to the top or the positive phase. The volley 
principle suggests that our nerve fibres can’t keep up anymore, 
so it suggests that diff nerve fibres encoded at diff times and 
we add together all these diff firings which creates phase 
locking. You can PH lock up to 4000HX but there’s no 
musical pitch beyond 4000HZ according to the refractory 
period because the nerves can’t fire quickly enough. 
 
Resolved harmonics are when one frequency is in a certain 
auditory filter, we can tell it’s within a certain frequency. But 
when you go up we can have to unresolved harmonics. Turns 
out that the unresolved harmonics provide the fundamental 
frequency even though people rely on the resolved ones 
according to behavioural studies. 
 
Unresolved: create a beating sounds which help us identify 
the fundamental frequency.  
Residue pitch: when two beating pitches up the the higher 
areas. 

 
Pattern theory: 
• If we don’t have the funds but hear the higher frequency 

we understand that there’s a pattern for these higher 
frequency and the brain fills in the rest of info we don’t 
perceive. This relies on resolved harmonics but not 
unresolved harmonics.  

• Cannot explain residue pitch or the missing fundamental 
either.  

 
Loudness 
The version of this in the wave form is amplitude.  
You can play 1000HZ at 10 DB and the curve shows that at 
lower frequency it needs to be louder to perceive it at the same 
level. That’s why if you hear music quite softly you don’t hear 
the base tone so well. 

Summary 



Cues: L3: The Body and the Chemical Senses 
 Models of Loudness  

- the louder the sound the more neighbouring neurons are 
firing and we can hear it with the more nerve fibres that join 
in. So that’s how we perceive the sound as louder.  
 
Neighbouring tuning curves can also send information to the 
brain and the idea with this model of loudness is that the 
louder the sound is more neighbouring neurons are firing and 
that that’s how we perceive loudness.  
 CF= Characteristic Frequency  
Hitting neighbouring neurons/filters (red box graphs)  

 
Binaural (2 ears) sound localisation 
- Azimuth is the horizontal plane in front of us (Azimuth)  
- Two cues using binaural sound localisation; inter aural 

time difference (arrival time per ear) or the intensity per 
ear.  

 
ITD arrival time of each ear:  
As we angle away from azimuth the time difference increases, 
this is because 650 micro seconds (a thousand micro second in 
a millisecond)  
This is processed in our superior olive. This is the first time 
where the two signals from both ears are put together.  
 
Axon length; we get input for our left ear and it comes in 
quicker than input form our right ear. So to get the olive to 
fire, the left ear and right ear have to fire at the same time. 
You get better at this over time, babies suck at this.  

 
ILD: 
what’s between our two ears? The head which stops signals 
form being the same on both sides. High frequencies get a bit 
stuck with this sound shadow over the head and our head is 
actually in the way of us perceiving this. 

Summary 



Cues: L3: The Body and the Chemical Senses 
 The cone of confusion  

So say AB and CD have diff ITD and ILD how do we know 
where the sound is coming from? 
Monaural sound localisation 
So we talked about the pinnae bringing frequencies into the 
ear but it helps with location judgements as well. The reflected 
sounds jump off areas of the pinnae and then go in. This also 
means that the sound is probably coming from the top so that 
it can reflect into the ear. The shape of our pinnae actually 
helps us perceive where the sound is coming from as well.  

 
Bodily senses 
The cone of confusion is not something that you smoke.  
Should pain be a sense, no not really because a sense enables 
us to take in info, and it happens as a consequence of too much 
stimulation from our senses.  

• Proprioception is your body awareness more specifically 
it’s your bodies innate sensing of it’s parts in relative distance 
to each other. Where your arms are, where your head is etc.  

• Somatosensory transduction: deeper layers from skin into 
the flesh.  

• Epidermis: corpuscles  
• Dermis 
• Subcutis: The onion at the bottom has many layers. 

(See diagram) 
• Tactile means touch  

 
Selectivity: where certain cells respond best to one type of 
stimulus. 

• There’s selectivity in these higher up touch receptors 
especially with very light touch. 

• Thermoception: They are determined by free nerve 
endings (they’re not attached) 
type one: warmth fibres: increase in skin temp 
type two: cold fibres: decrease in skin temp  

 

Summary 



Cues: L3: The Body and the Chemical Senses 
 • Proprioceptors are in the muscles/joints themselves. 

One set is called the muscle spindles they respond to 
how much power is being exerted and what state your 
muscle is actually in.  

• Intrafusal muscle fibres have these spindles on the 
inside.  

• Chemoreceptors because they come from chemicals.  
• The mechanoreceptors are in the skin and they get 

stimulated by pressure in the fingertips and the signal 
has to get to the brain but it does this via two separate 
routes.  

• It goes to the primate sensory first and then the 
thalamus. (See Diagram) 

• The speed is very fast from the mechanoreceptors but 
the temp signal lags behind that. (Oil spitting example)  

• Cortical Organisation: PSC it contains many many 
neurons each of which are selective for different areas 
of your skin.  

• Somatotopic Org: E.g. if you find one that responds to 
your elbow it turns out ones close to it are also elbow 
related.  

• Cortical mag: the body parts that we’re really good at 
and where touch is quite imp they have more area of 
brain dedicated to them.  

• Brain diagrams, involve poking around in epileptic 
brains and started stimulating neurons and the patient 
was awake. Could actually ask the patient what they 
felt. They would say stop tickling my hand etc. 

• The receptive field it is a description of all the places 
on the skin where if you touched that area it would 
change the amount that this cell responds.  

 

Summary 



Cues: L3: The Body and the Chemical Senses 
 • Within this receptive field/zone there’s the outer and 

central inner region now it turns out that if you touch the 
central region you get an increase of firing (more 
excitation per second) if you touch the surrounding area it 
decreases the amount of activity in the cell.  

• Lateral Inhibition You might think why would you want to 
do that? Why does it try to cancel itself out? This will 
become more clear on the lectures with vision. It tells us 
where the thing that it touching us ends or begins. 
• Two-point acuity: is the difference in perceived touch 

location, was that just one prod or two? It’s the just 
noticeable difference.   

• The vestibular system is part of what allows us to sense 
balance. (Equilibrioception)  

• The 3 semicircular canals help us do this.  
• When we move our heads it moves the fluids which 

move the neurons which send neurological impulses to 
your brain.  

• Axes of the human body, scientists talk about 
movements and positions of the human body using 
principles planes and axis. See if you can find a video 
to better explain this.  

 
• There are two Otoliths in the vestibular labyrinth, the 

utricle and the saccule.  
• There is also a gelatinous carpet with hair cells sticking 

into it. Mentally picture Sam with the fishing rod as the 
hair cell and this is why humans can’t tell the difference 
between linear and backward movements.  

• When you’re walking or running your head is actually 
moving a lot. Your eyes do the opposite movement to 
your head to keep your vision stable and or grounded.  
 

Summary 



Cues: L3: The Body and the Chemical Senses 
 • Oculogyral illusion: go and stand near the bed and spin 

around a lot and then stop and you’ll get a clear 
dizziness effect. This means that your vestibular system 
thinks that you’re moving in the opposite direction that 
you were just moving in.  

• Oculogyral illusions especially happen during poor 
visibility, which is why they have to educate pilots on 
the effects of oculogyral illusions.  

• Olfaction facts; 
- Women syncing their periods is due to smell 
- Pheromones play a role in sexual attraction. For 

humans there’s never been any conclusive evidence 
on this.  

• Free nerve endings give us a temporary reading about 
smell. 

• There are chemicals which exist in the air and they bind 
to the hairs in our nose, close to the olfactory 
epithelium.  

• Selectivity: if there are two or more carbon atoms then 
the cells might fire.  

• Humans adapt to bad smells. 
• Olfaction is the only sense that does not go via the 

thalamus. 
• Population coding has receptor cells that are arranged in 

a grid, it’s these patterns that correspond to each cell.  
• Gustation conditioned taste aversion; it’s very strong 

learning if you pair a neutral flavour with a nauseating 
event, even if the two objects are unrelated.  

• The science behind gustation; it’s dissolved in the 
saliva, it still has to bind to the receptors, microvilli are 
hairs whereas papillae are the taste buds.  

• For gustation cells die and only last 10 days per 
turnover.  

• Selectivity of the chambers, quinine is for bitter tastes. 
 

 
Summary 



Cues: L3: The Body and the Chemical Senses 
 • Taste primaries; whichever cell is firing the most we call 

it that.  
• The insular cortex is the primary gustatory cortex.  
• Adaptation occurs when you adapt to one particular 

stimulus or taste. Which is why cross adaptation 
happens when you adapt to one taste, you experience 
another taste.  

• Flavour is not taste because flavour incorporates all of 
the senses.  

• The Olfactory Cortex processes flavour as a whole as 
opposed to taste which is only processed in the insular 
cortex.  

 

Summary 



The Lights, Eyes the Brain and Spatial 
Vision   
Mather Chapters 3,2  
Week 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cues: L4: Light, Eye the Brain and Spatial Vision 
 • Recap: we discussed transduction how the light gets up to your 

eye then it hits the photo receptors then it hits the centre 
surround and the middle of the receptor field kind of has an 
opposite function to the surrounding area of the cell. Then we 
tried to describe some illusions, the signal hasn’t gone to your 
brain yet.  

•  
• To explain certain illusions, not all of theories fully 

explain such illusions. 
• We discussed ON and OFF cells and we started to talk 

about the important things in vision like contrast as 
opposed to lightness and brightness.  

• From Eye to Brain, then there was a bit of physiology, a 
bit of information on where the signals go next after 
they’ve exited your eyeball. They go first to the lateral 
geniculate nucleus, well there’s actually two of them so it 
should be called nuclei. But we shorthand this term to 
LGN.  

• The optic radiations then go on from the LGN regions to 
the thalamus then to the striate cortex (V1). It’s called the 
striate because it’s got a stripy pattern to it.  

• Somatotopic refers to the fact that in your somatosensory 
cortex (the touch stuff) you have cells that are next to each 
other in your cortex and on your body. So the spatial 
organisation of your body is organised in your head, this 
applies to both touch and hearing.  

• There’s also the principle of cortical magnification here, 
which means that you have more brain/cortex areas 
devoted to your fingers because they’re very sensitive and 
highly specialised.  
 

Summary 



Cues: L4: Light, Eye the Brain and Spatial Vision 
 • In the V1 cortex you get cells that respond to preferential 

lines or vertical edges and other cells which are more 
responsive to horizontal lines or edges. Sometimes we call 
groups of cells which have similar preferences channels. 
So if we took all of the cells which are selective for 
vertical lines we could call that the vertical channel. If we 
took all the ones that are responsible for horizontal lines, 
we could call them horizontal channels.  

• Which eye is this cell connected to? Some cells in your 
cortex are only reserved for the left or the right eye. Now, 
as I said they would be referred to as monocular cells. But 
there are also cells that receive input from both the left and 
the right eye. There are cells which are somewhere in 
between as well, so a large input from one eye and a 
smaller input from the other eye.  

• So what scientists have done is put these into 7 categories  
Categories 1 and 7 are purely monocular, which means 
that they only respond to one eye 
Category 4 is 50/50 L and R eye 
Categories 2 and 3 are driven a little more by the left than 
the right.  
Categories 5 and 6 are driven a little more by the right than 
the left. 

• Selectivity for orientation which is very important in V1. 
We’re going to bring up the word tuning. Let’s imagine 
that a participant is seeing that vertical yellow strip which 
is marked as A. This particular cell is very very excited to 
see a vertical stripe like that. When you replace this A 
stimulus with something very oblique it shows a lot less 
responding. When you show it B or C it doesn’t show half 
as much spontaneous activity. So this cell has a very 
strong preference for vertical features. This is a tuning 
function with a peak so that’s how we know what the cells 
prefer.  

Summary 



Cues: L4: Light, Eye the Brain and Spatial Vision 
 •  We can also talk about bandwidth, if it has a sharp peak 

and it will only respond vigorously to one particular 
orientation we would say that it has a very small 
bandwidth. (So very sharp tuning)  

• Sorry what are filters again? A coffee filter lets the tiny 
tiny pieces of coffee through and it keeps the big lumps 
out. So in a way you could call a filter a low pass filter. It 
would only be the tiny ones that get through.  

• In vision we’re talking about orientation filters. There are 
also various other things that the visual system filters for.  

• V1 organisation there’s your cortical surface on the top 
and if you look in one column you would find cells which 
are all responsive to the same orientation. You can see that 
there’s this orderly progression until we’re 180 degrees 
back to where we started.  

• If we look at this cube, we’ve pretty much got all of the 
information we want to know about one tiny area of visual 
space.  

• Types of V1 cells, there’s 3 different types they all care 
about orientation, they all have a tuning function and 
respond better to certain orientations. 

• Simple cell they respond to stimuli which have a particular 
orientation. 

• A + if it’s excited by light and a – if it’s not excited by 
light (inhibited). 

• What’s really important about these cells is that the edge 
must be in exactly the right place in the receptive field.  

•  
• I’ve re-endorsed this principle because it’s different in 

comparison to complex cells. Because as long as it’s got the 
correct orientation it doesn’t matter if the edge completely 
lines up with those plusses and minuses. 

 

Summary 



Cues: L4: Light, Eye the Brain and Spatial Vision 
 • We also have hyper complex cells that function just like 

complex cells, because they respond to a particular 
orientation preference and they have a tuning function. 
They also don’t really care where the edges re in their 
receptive field, they’ll fire anyway. But they do care about 
where the edge of the bar ends.  

• If the bar isn’t as long it’s not going to stimulate it as 
much, both for complex and hyper cells. If we make the 
stimulus even longer i.e. outside of the visual field the 
complex cell still responds a lot but the hyper complex cell 
starts to reduce it’s responding.  

• Some of these cells are referred to end-stopped cells 
because they stop responding if the cell continues and goes 
into the wrong place.  

• I want to give you an intuition as to how the visual system 
might be able to do these things, we know that the cells in 
the LGN are very similar they are also centre surround in 
terms of their organisation they are also antagonistic. But 
now we’re going to V1 and now we’re talking about 
orientations which isn’t something the retina or the LGN 
can do. So how is it possible that suddenly we’re able to 
process orientation?  

• So here I’ve got a column of centre surround cells (CSC) 
and we’ve got them together with an and cell.  

• An and cell will only fire if some of the other cells are also 
firing.  

• Building cells: Simple cells as you can see we can build 
these simple cells out of ganglion cells.  

• But let’s see if we can build a complex cell using some 
simple cell outlets. Whatever happens this cell is going to 
fire because it’s vertical and it doesn’t care where the edge 
is.  

• If we want a hyper complex cell we just need a complex 
cell in the middle and attach simple cells around the top 
and the bottom and make the simple cells inhibitory.  
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Cues: L4: Light, Eye the Brain and Spatial Vision 
 • Detecting edges that aren’t even there: this is called the 

kinesia triangle and there is no triangle there and yet the 
idea that there might be a triangle there is the most 
sensible assumption.  

• With the triangle we’ve got two end-stopped cells and all 
we really need to do is connect those two cells with an 
AND formation to give the illusion of a triangle.  

• Why on earth is our visual system built to detect things 
that aren’t there? It’s a very sensible interpretation of that 
image and so what this kind of arrangement might be 
doing is allowing us to detect edges that are usually below 
our detection.  

• Orientation Channels: the orientation after effect. Let’s 
imagine what the activity would look like in that striped 
pattern. If we look at the channel which is responsible for 
vertical lines, there would be a general progression of 
stimuli. But do remember that each of these cells has 
orientation tuning. So let’s imaging what would happen if 
we showed a vertical stimulus and we’ve got all of these 
channels which are sitting there waiting for a stimulus ot 
come along. So those neurons are going to go crazy. If we 
look at channels B and D they prefer a stimulus which is a 
bit different, B prefers clockwise stimulus. In other words 
we have half as much responding from channel D.  

• Population coding is looking at the rate of responding 
across cells.  

• We’ve now got a stimulus of 22 degrees, and we get a very 
similar looking distribution of activity and now channel D 
is firing as much as it can.  

•  
• What if I show you a stimulus which is between the channels? 

Because 10 degrees is closer to zero than 22 it means we get a 
bit more firing from the zero channel than the 22. 
• So far I’ve told you how we tell which orientation a 

stimulus is at but we haven’t explained tilt or after effects. 
Review this with the textbook.  

•  
Summary 



Cues: L4: Light, Eye the Brain and Spatial Vision 
 •  You don’t have prolonged stimulation of any stimulus 

type this only happens with after effects when you’re 
required to stare for a very long time.  

• Spatial frequency after effects (i.e. size channels) you can 
make someone adapt to fat and thin stripes and then adapt 
to medium stripes and they’ll think that the one’s on the 
top are thinner whereas the ones on the bottom are larger.  

• Sine waves or sinusoidal waves in vision we can talk about 
the frequency in terms of space so how many full dark 
stripes do we get within one field of visual space. Which is 
why it’s referred to as the spatial frequency because it’s 
referred to the number of stripes across space.  

• We talk about the retina in terms of degrees and this might 
be 20 degrees measured by that angle there and it might 
correspond to various things at various angles. We talk 
about how many light/dark strips (gratings) can you fit in 
one degree or angle.  

• Spatial frequency channels which are mostly selective to a 
given spatial frequency, some of them respond very much 
to a high/low spatial frequency and there are some which 
respond to frequencies in between.  

• Why the obsession with gratings? Remember that fourier 
theory is the principle that all complex sounds are made up 
of a sum of individual ones. Believe it or not the same is 
true in vision. Any visual stimulus can be described as a 
sum of many sine waves.  

• If you increase the contrast of a stimulus they’ll be more 
responding by cells, as such our vision system also does 
fourier analysis.  

• Fourier analysis: we’re going to try and go from a simple 
sine wave and in this case we’re going to make a square 
wave. A square wave has a dark stripe and then a light 
stripe etc. If you start with a sine wave and then you add 
another since wave which is 3 times the spatial frequency 
and 1/3 amplitude, it produces the diagram to the far right 
up the top.  
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Cues: L4: Light, Eye the Brain and Spatial Vision 
 • So you can at least see how we start to make edges by 

adding those sine waves together.  
• Multiple spatial scales, we’ve got some that have been 

filtered. The low pass one in the idle we’ve allowed the 
low pass ones through and all of the high spatial 
frequencies have been kept out. There’s not a lot of detail 
because we’ve only got low pass or large scale 
information.  

• Whereas with the high pass filter we’ve kept out the low 
spatial frequencies, so here you’ve got all of the 
information about the detail.  

• Contrast Sensitivity Function (CSF) are we better at seeing 
high or low spatial frequencies? We could for example 
have two intervals and one of them we could present a 
stimulus in and we could ask the participant which one 
they preferred. We do that whole experiment at different 
types of spatial frequencies.  

• The resolution limit; it doesn’t matter how high you turn 
up the contrast you can’t tell the difference.  

• Divide one by the threshold to find the sensitivity limit.  
• CSF is a quick demo to allow you to see your own contrast 

sensitivity function. This is the way we like to test 
people’s vision and frustrates participants and 
psychophysicists because you can cheat on them.  

• Snellen Acuity chart, to be good at this you just need to be 
able to see the edges so that you can do it and the letters 
are very high contrast because it’s black and white.  

•  
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Depth Perception        
Mather Chapter 7, 10 
Week 5 
 
� The retina 
� Photo receptors 
� Photon absorption 
� Graded potentials  
� Univariance 
� Bipolar cells  
� ON/OFF 
� Rod versus con bipolar cells 
� Horizontal cells 
� Amacrine cells  
� Ganglion cells  
� Biplexiform 
� Bistratified  
� Midget 
� Parasol  
� Luminance response 
� Spatial & Spectral response 
� Temporal response  
� Spatial filtering 
� Chromatic and Temporal filtering  
� The visual pathway 
� Signal Processing in the LGN 
� The visual cortex 
� The Striate cortex  
� Orientation tuning 
� Direction Selectivity 
� Binocularity  
� Wavelengths  
� Topography 
� Blobs  
� Hypercolumns 
� Response latency 
� Architecture 
� Lesion studies 
 
 
 
 
 
 
 
 
 
 
 



Cues: L5: Depth 
 • If you want to actually interact with things depth is part of 

that. 
• If you want to kiss someone instead of head butting them, 

you have to have good depth perception.  
• Depth is a source of information about something in the 

world 
• Depth cues have many categories  
• Pictorial v Non Pictorial; if you were to show a photograph 

to someone would they get it? 
• Oculomotor: does the information come from the eye 

muscles instead? 
• Does the depth cue tell us the relative depth between 

items?  
• We’re going to talk about binocular depth cues first, 

monocular depth cues work when you only have one eye 
or only have one eye open.  

• Advantages of two eyes slide: it’s like a single celled light 
seeker machine. So there must be a good reason 
evolutionarily for having two eyes. Since most animals 
have two eyes.  

• Why is it good for some animals to have a wide visual 
field and not a lot of visual overlap, they tend to be the 
hunted animals. Which is why it benefits them to be able 
to look behind them. Whereas the hunters who have a 
limited visual field but a lot of overlap means that they 
have a lot of depth perception.  

• The fact is that your left eye and your right eye see slightly 
different things.  

• Binocular summation means that if you’ve got two eyes 
you’ve got two changes to do your visual processing. It’s 
the sum of the parts.  

 
Vergence if you want to fixate on ay particular object in your 
visual field you’re going to need both eyes to fixate on it. So 
you’ll have to stretch your eye muscles and rotate depending 
on how far away the item is. 
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Cues: L5: Depth 
 • The information doesn’t come from the pictorial image 

itself, is it visual or oculomotor? It’s your eye muscles 
telling your brain how much vergence is going on.  

• It’s also a metric cue, because it gives you an estimate of 
how far away something is in metres or centimetres.  

• When we’re talking about binocular cues we’re talking 
about stereopsis. This is the cue that happens when you 
watch a 3D movie. This was discussed as early as 300BC. 
It’s impossible for the two eyes to see exactly the same 
parts of a sphere if it’s presented to them.  

• Leonardo Da Vinci concluded that it blocks off one part of 
the background but the other eye can see all of that. So he 
contributed to understanding depth. 

• When Sir Charles Wheaton published his book with 
stereoscopic pictures people were doing this in 1838.  

• Stereopsis is based on the idea that both eyes see different 
things. 

• Binocular disparity is the specific point where the location 
in the two eyes is slightly different.  

• Corresponding points and your converging your eyes so 
that it falls in the fovea in each eye. We call that 
corresponding points. Where the retina is 0 for each 
eyeball. 

• The Horopter is a line of all the possible locations in our 
visual field.  

• Panem’s fusional area, he was one of the earlier 
researchers in this area as such it’s named after him. 

• These are words that get confused by people all the time, 
so here’s some extra help. 

 
Fixation is where or what you direct your eyes towards. If 
you do it with two eyes at once that’s convergence. 
 

• Fusion is blending images from the left and right eye.  
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Cues: L5: Depth 
 • Fusion is blending images from the left and right eye.  

• Focus is not looking at things, it’s the lens in your eye 
adjusting its shape to make sure that what you’re looking 
at is sharp rather than blurry. 

• Mirror stereoscopes is a problem because the images are 
always reversed or backwards and the problem is that only 
one person can look at one image at a time. 

• Free fusion: you want the images to slide over each other 
until they’re directly over each other.  

• Autostereograms (i.e. magic eye pictures) 
• Types of depth cues: 
• Familiar size, whenever you see a credit card it usually 

comes in one size. This is a monocular depth cue because 
you get the information either way and its pictorial 
because you can get the same information from a picture 
and it’s visual because it comes from the image not from 
the eye muscles.  

• It doesn’t just tell you which thing is in front but how far 
in front it is. 

• Perspective: when the parallel lines converge it’s called 
linear perspective.  

• Motion parallax. It actually feels very different. It depends 
on how far or close the object is from you. If it’s closer it 
seems to whizz past faster, but not if it’s further away.   

• Heights in the visual field assume that things all rest on a 
flat ground plane, but they’re usually more distant.  

• Ariel atmospheric perspective, tend to be more blue, 
lighter and lower contrast.  

• Occlusion means that if two things are overlapping in your 
visual field, the one that you can see better is usually 
closer. Either way the occlusion determines the depth.  
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Cues: L5: Depth 
 • Cast shadow: we tend to assume that shadows are cast 

below and that a light is above it. If you know the height of 
the image, then you know how far away it must be form 
the image.  

• There are other shadow cues such as the attached shadow.  
• The attached shadow looks like it’s pushed in when it’s 

upside down but it flows from the cast shadow assumption.  
• Blur is about focus, it’s about whether or not an image is 

sharp on your retina.  
• Accommodation is related to focus. Because the lens in 

our eye has to adjust when we want to focus, which alters 
the light to which we converge. Some of us don’t do this 
well which is why you wear contacts or glasses.  

 

Summary 



Motion Perception        
Mather Chapter 11 
Week 6 
� Detecting movement 
� Neural motion detectors  
� Direction selectivity 
� What is a Reichardt detector? 
� What is aliasing? 
� What is the motion after effect and how does it work? 
� Direction-specific threshold elevation 
� Saccadic suppression  
� What is optic flow? 
� What is Stroboscopic movement?  
� What do planar surfaces have to do with motion? 
� What does the velocity space model state in regards to motion? 
� What is the aperture problem? 
� What do plaid patterns tell us about motion? 
� Define kinetic depth 
� What does the theory of “classical” apparent motion state? 
� What is the two-process theory of apparent motion? 
� Define feature tracking 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cues: L6: Motion  
 • We also are going to add the fourth dimension which is 

time and the way an image changes over time to indicate 
motion.  

• In behavioural terms motion is an important thing we need 
to act and we rarely observe a stationary world in real 
time, we also create our own motion.  

• We’re going to try and answer the question whether we 
sense motion it self.  

• A physicists’ definition of motion is a displacement over 
time and the speed is the interval of time it is displaced. 
It’s distance over time.  

• The frequency of the wave is its temporal frequency over 
time.  

• If you were judging how far it moves, we should figure out 
how good you are at judging displacement, figure out how 
good you are at judging time combining those two and 
your motion perception shouldn’t be better than either of 
them.  

• Is Motion Sensed Directly? It seems like you’re judging 
motion in of itself.  

• Motion Detectors. There was a guy called Reichart who 
decided to ask himself the same question. He said how 
about if I try to build a simply unit which can tell me 
which way things are going.  

• Motion Detectors to detect motion with other speeds and 
directions you’d need other units.  

• Stroboscopic Apparent Motion is the fact that a lot of the 
motion you see is not motion at all. E.g. in films or TV 
your phones or tablets there’s no motion on there ever, 
what you have is a series of static stationary images 
presented one after the other.  

• The blurring theory argues that blurring is the idea that one 
image is blurred into the next image which is why you 
can’t tell the difference between blurring and motion. 
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Cues: L6: Motion  
 • That theory is not true because when something is in 

motion, the image is actually sharpened rather than blurred 
due to neural processing.  

• We can explain it just by thinking about the Reichart 
detector because if motion has these two discreet locations 
then real and apparent motion are exactly the same thing 
anyway according to this Reichart detector.  

• The Wagon Wheel effect is a consequence of stroboscopic 
motion. The Wagon wheel effect is when the wheel 
doesn’t look like it’s moving in the direction it should, 
relative to the speed of the object.  

• Motion detector model disproved which leads us to 
explore other models such as the comparator.  

• Beware that the word comparator is also used for other 
things in perception as well.  

• Ratio models compare estimates of left and right motion 
and up and down motion.  

• We’re going to explore the motion after effect which ever 
unit is firing more vigorously you’ll see that direction of 
motion and this is for any ratio model.  

• We used to think that the neuron slowing down or going 
below firing rate was because of fatigue but we know now 
that’s no longer the case. It goes below baseline but that’s 
not just because the nerve gets tired.  

• Motion Cell Outputs: it’s only when the motion stimulus is 
taken away it goes significantly below the rate of firing.  

• Visual hierarchy he left off the retina because there’s no 
motion detectors there.  

• The NT plus has very sophisticated processing but in the 
magnocellular pathway is where most of the motion 
processing is.  

• If a stimulus is moving you won’t catch it if you have a 
small receptor field, which is why we have a large receptor 
field.  

Physiology continued we’re at the primary visual cortex so 
this is the main stage where we get primary directional tuning. 
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Cues: L6: Motion  
 • Tuning means that you get cells which respond to a 

particular direction and if you change that direction they 
fire less.  

• We’ve got a particular cell in V1 and we’re going to test it 
by using a par stimulus and moving it backwards and 
forwards across the screen. 

• Going straight to MT (middle temporal region) because we 
can isolate an organised set of cells. 

• They mastered the psychophysics of how to present them 
on the screen and training the monkey’s and looking at the 
MT when you stimulate it.  

• Optic flow is the pattern of motion that happens around 
you when you’re moving towards particular things.  

• It has also been shown that lesions to MT can cause 
debilitating motion problems. See patient LM.  

• The Aperture Problem: it moves both ways. The aperture 
is what we call the receptive field. The receptive field is 
usually an area of the retina where if there’s a stimulus 
within that then it changes the firing of the cell it’s a set 
region. It’s like a window that the nerve cell is looking 
through.  

• These apertures are also sensitive to 1 dimensional images 
i.e. straight edges.  

• The reasons you were wrong is because both of the 1D 
motion features were moving up and down and left and 
right. The point is that you can’t know which direction it’s 
going if you’re just looking at 1 dimensional features 
through the aperture window. 

• The Baber pole illusion the reason they have barber poles 
if you want someone to perform minor surgery you go to 
your barber and they also did blood letting.  So people 
used to go to their barber to have their arms cut and have 
their arms bleed out for the wind and the blood would get 
wrapped around the barber pole.  

• The barber pole is part of the aperture problem because it 
looks like it’s going up, the motion appears to be along the 
axis of the long rectangle.  
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Cues: L6: Motion  
 • The barber cross is a plus shaped window upon which 

there is one single diagonal grating, this is true even when 
you have two axes like in the barber cross.  

• So what is the brain doing? That your brain isn’t looking at 
the middle bit of the aperture it’s looking at the edges 
instead.  

• Terminators occur when the 1 dimensional feature is 
overlayed by the edge of the aperture. So we have more 
terminators on the long edges than the short edges and the 
long axis always has more terminators.  

• There are different types of terminators they’re not all the 
same.  

• An intrinsic terminator belongs to the motion stimulus.  
• A terminator might arise due to an occlusion or depth cues 

and that causes another set of terminators.  
• We should believe the intrinsic terminators (which are the 

real edges of the objects, we should base our perception of 
motion on their outputs) but the extrinsic ones are the 
occlusion ones that we should ignore. But is this how the 
brain really works?  

• Integration Across Orientation; if we compare various 
straight edges we can start to decode the real direction of 
motion.  

• The line of constraint: is all of the possible motions that 
one edge could have but could still be perfectly consistent 
on your retina.  

• Integration Across Orientation: plotting lines of 
constraints for neurons.  

• The Plaid Fad if they’re similar it will look like they’re 
moving diagonally they’ve very coherent. Their motion 
can differ.  
Terminators or Intersection of Constraints: there are three 
vertical black occludes there’s actually no fully formed 
diamond. 

• You’ll remember that we have things called hyper 
complex cells sometimes called endoscope cells these cells 
respond to the length of a contour.  
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Colour Vision       
Mather Chapter 12 
Week 7 
� What is subtractual colour mixture? 
� What are additive mixtures? 
� Why do we use additive mixtures 
� Define hue 
� Define metameric colours 
� What are complementary colours? 
� What is Dual-Process Theory  
� What is color contrast? 
� What is color adaptation? 
� What is the physiology of colour vision?  
� What is colour constancy?  
� What kind of colour deficiencies exist?  
� Define Anomalous trichromacy 
� What is dichromacy and how does it work? 
� What is Monochromacy and how does it work? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cues: L7: Colour Vision  
 • Motion perception and the retina, it can be difficult to tell 

whether it’s your eye moving or the environment around 
you.  

• Which is why we have the following theories by: 
 
(a) Sherrington i.e. the inflow theory. Which states that 
there’s a signal that comes form the eye muscle.  
(b)Helmholtz the signal doesn’t come from the eye it’s self 
or the muscle it self it comes from which ever part of the 
brain told it to move.  
 

• Comparator compares two signals.  
• We’re going to create an after image on the retina just off 

of the fovea, if it’s directly on the fovea you can’t look at 
it.  

• Poking yourself in the eye 
• The outflow theory appears more correct on a ratio of 4:1.  
• What is light? Light refracts in a way that causes the 

splitting of the white beam into many fringes of colour.  
• The electromagnetic spectrum: all of this stuff is the same 

except for the distance of the wavelength.  
• The bit in the middle there where the rainbow is what we 

can see.  
• Wavelength & Colour the more variation you get between 

the peaks and the troughs the more intense the light is. The 
higher and lower it goes you’re either going to the lights as 
brighter or less bright. That’s intensity.  

• The wavelength is the distance between two trophs or 
peaks.  

• Colour only exists in your head and that’s a property of 
your perception.  

• Colour Misconceptions: Where would brown be on the 
spectrum it’s dark yellow or orange. If you present, the 
same wavelength of yellow and just put less intensity you 
just get brown. 
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Cues: L7: Colour Vision 
 • Reflection of light: illuminating white is white light, it has 

all of the wavelengths presented at once. It’s almost 
always going to be reflected.  

•  Colour is something you experience when you see a 
particular combination of wavelengths.  

• Additive colour mixtures: this is an additive colour 
mixture because the light hasn’t changed but you have 
additional wavelengths.  

• Subtractive colour mixture is different because when light 
bounces off a painted blue surface- some wavelengths are 
absorbed and some are reflected. The more paints you add 
in the more wavelengths you take out because more get 
absorbed.  

• Laser emit very narrow bands of light.  
• There are two types of photoreceptors and the first ones 

were going to talk about are called the rods 
(1) rods they’re extremely sensitive to light they’re there 
for night vision i.e. Scotopic vision. There’s none in your 
central fovea 
(2) cones have several different types and they behave 
slightly differently. They can be tuned to a particular 
wavelength. Most of these cones are in the fovea. Some 
are in the periphery they’re a lot less sensitive than your 
rods. They are used for day vision which is sometimes 
known as photopic vision.  

• Scotopic vision is night vision.  
 
For the graphs about colour vision with one receptor type 
when the light is low we look at the lower bridge. The 
question again is this particular neuron is firing at a 
particular rate how does it know whether it’s looking at 
strong orange light, strong blue light and low green light? 
It doesn’t, all you can really see is whether the light seems 
lighter or darker. 
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Cues: L7: Colour Vision 
 • Daytime colour vision your rods are so sensitive they are 

completely bleached out they are fatigued and cannot 
respond anymore which means it’s all down to your cones.  

• Young’s Colour Theory all of these conclusions were 
reached on the basis of logic rather than physiology. 
Young observed that it doesn’t make sense to have 200 
different cone types instead it’s necessary to impose a 
limitation on the number. So how many are there?  

• If there’s only one receptor type that’s working, we can’t 
tell the difference between wave intensity and length. So 
can we explain colour vision based on only two different 
cone types?  

• Which leads us to the Two Receptor System.  
• Metamers; are two stimuli which perceptually seem 

identical but physically are two different things. They are 
actually made of different wavelengths.  

• For a two receptor system we need a situation where we 
get the same output from these cone types even though we 
originally receive different inputs.  

• Red plus green light appears yellow is because you’re 
getting the same receptor outlook as if you just put yellow 
in by itself.  

• If humans really experience colour with two cones then we 
should really only see a limited experience of colours, 
which disproves the two cone system.  

• Let’s try the three cone system and colour matching.  
• Young tried mixing colours with only two primary colours 

or wavelengths in this case, people couldn’t match any of 
the two wavelengths but it was successful with three. So it 
turns out to create a metamer all you need is three pure 
wavelengths. To match any possible single wavelength in 
terms of the colour. 

• Colour matching: you can use pretty much any three 
wavelengths that you like.  

• Three cone types move left to right on the diagram.  
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Cues: L7: Colour Vision 
 • Colour misconceptions: red, yellow and blue are the 

primary colours. It depends what you mean by primary. 
On the other hand, if you’re talking about the three 
different photoreceptor types they’re not really red, green 
and blue they’re short, medium and long wavelength 
cones.  

• Trichromatic Metamers: whereby colour is encoded by the 
pattern of relative activation of each channel.  

• Colour deficiency: most people with colour deficiency can 
still see colours and tell the difference between 
wavelengths. Most of them have a two colour system 
though. They should be referred to as colour deficient 
rather than colour blind because of the function of these 
anatomical systems.  

• There are also people who entirely lack one of those cone 
types and they are called Dichromats. 

• If anyone is truly colour blind it’s these types: The first set 
are called monochromats.  
They only have one cone type.  

• Rod monochromats have no cones what so over, that’s 
great for night time vision but for daytime vision they’re 
extremely sensitive to light or else they’re effectively 
blind.  

• People who have had colour damage to the area of their 
brain V4 which is very much full of colour processing 
units, it can cause a complete inability to tell colour 
wavelengths apart form each other.  

• Brain damage can be referred to as Cerebral 
Achromatopsia, which includes those people whoa re truly 
colour blind. 

• Colour Opponency (Hering 1872) nobody ever says it’s a 
blueish yellow colour or it’s a reddish green colour. 
Apparently this is impossible. Because colour exists on an 
axis, and going through the middle it goes grey. If you 
think about it he’s missed something because black and 
white aren’t in there. 
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Cues: L7: Colour Vision 
 • So we have this three-dimensional colour space. With the 

neutral colour grey at all of these dimensions. This is 
called the L.A.B colour space. Is there actually any 
evidence for this? It turns out there is.  

• Dual Process Theory: it turns out that this theory used by 
Hurvich and Jameson. They managed to figure out how we 
go from 3 cone types where we can represent these 
different types of dimensions.  

• For the black and white dimensions, we have to add the 
cones together and if all of them have a lot of activity 
that’s what white is. It will stimulate all of those three cone 
types. You might think you might have to add all three 
together but you don’t have to, you can just add red and 
green for luminance.  

• If you get a lot of red you get a lot of activity and if you 
get a lot of green you get less activity, so you need a 
competitive situation where you increase wither red and 
you decrease with green. 

• Ultimately the Dual Process Theory is when you start with 
Trichromasy in the retina and you process them and you 
reach a situation where you have an opponent process of 
these three different dimensions. 

• Physiology of opponent processing: We know the 
trichromatic bit happens in the retina, so where does the 
opponent process bit happen? In LGN and V1. So you 
might get a cell which is green excited and red inhibited.  

• The +/- indicate whether the green (G) or red (R) is excited 
or inhibited or not.  

• Blobs are called as such because that’s what they mostly 
look on the surface of the cortex and those are the areas 
where you find your opponent processing cells.  
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Cues: L7: Colour Vision 
 • Colour Constancy: It turns out that although there’s white 

light there are some differences in the spectral content of 
these lights. Some of them are more biased to blue and the 
light bulbs at home are described as a warner light but 
what that means is if the illumination is different that 
means that the light bouncing off is also going to be 
slightly different.  

• Mondre-anne painting is what the graph is called. Colour 
constancy is when people tend to report seeing the same 
colours. How or why does this happen? We don’t actually 
really know.  

 

Summary 



Face Perception     
Snowden Chapter 10 
Week 8 
 
See lecture slides 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cues: L8: Face Perception 
 • There’s confusion about what is examinable but that’s in 

the Unit Guide and there will also be a lot of tests or 
anything about vision. Don’t just try to remember try to 
understand and it also includes what was included in your 
practicals.  

• You cannot learn this by rote learning (flashcards) of 
course you have to remember stuff, where you get the high 
marks is demonstrating your understanding. I.e. the 
principles behind the things I’m trying to teach. You’re 
going to be tested on the application of this knowledge.  

• Faces: The Nun in a bun, and everyone thinks that’s a face. 
• The perception of a face, is that the identity or are we just 

talking about perception as an image?  
• People are really good and remembering and matching 

imagines but if you do this in real life you never ever see 
exactly the same image twice. But if I’m actually meeting 
people in the street there’s a lot of variation that goes on. 
So that the image projected on to your retina is actually 
quite different.  

• Are faces special? It’s about whether the way human 
process faces, whether that in itself is special. I mean 
different to the way we process other objects. The proposal 
is that they are. We’re going to look at evidence which 
supports that.  

• Infant face vision: Babies are born ready to process faces, 
they can also discriminate the identity and photographs of 
faces at 2 days old.  

• Composite face effect, composed of two people.  
• Holistic process it’s obligatory for your brain to treat that 

face as a whole thing.  
• Human can’t avoid holistic processing.  
• Which one is Larry’s nose? It’s the part or whole effect. 

It’s easy to identify with the whole face.  
• Inversion faces (more difficult) When faces are upright 

they are processed as faces, but upside down, not so much.  
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Cues: L8: Face Perception 
 • Inversion effects, disrupts holistic processing and the 

composite illusion goes away.  
• Fusiform face area (FFA) is responsive to faces in FRMI 

studies.  
• Neurophysiology, it’s an important area but it’s not the 

only one and it does other stuff too.  
• Prosopagnosia is face blindness. But it’s selective, it’s not 

with other aspects of memory or object recognition.  
• Conclusively facial processing is special but that’s not the 

whole story.  
• Some people argue that it’s not special because when you 

compare prosopagnosics with faces and objects, you’re 
always comparing faces with faces and when you do 
objects you usually switch categories.  

• When you get people to expert performance they start to 
show the composite effect and inversion effects. This 
implies that expertise might impact how we perceive faces.  

• Familiarity: We process familiar faces differently to 
unfamiliar faces. 

• The other race effect: western people can’t tell other 
people from other races apart. It turns out that this claim is 
symmetrical. This is not true and rather that people who 
are form other parts of the world can’t tell Europeans apart 
very well. The effect works in both directions. So it’s more 
about exposure rather than race, it’s about expertise.  

• The external features are the ears, jaw line the hair the 
shape of the face and if you think about it the internal 
features should be most important because they don’t 
change very much. 

• Adaptation was thought to be a thing that only really 
effects very basic levels of stimuli i.e. the motion after 
effect. Prolonged exposure to a face stimulus can bias your 
response to other stimuli.  

• Viewpoint after effect simulated in a monkey and you can 
actually demonstrate changes in their activity which match 
up in their changes of perception in the face.  

Summary 



Object Perception      
Mather Chapter 9 
Week 9 
� Agnosia 
� Types of Agnosia  
� Gestalt Laws (C GPS) 
� The significance of primitive objects 
� Segmentation 
� Depth segmentation 
� Motion segmentation 
� Contour representation 
� Collector Units  
� Cooperative interactions 
� Curvilinear aggregation 
� Surface parsing 
� Crowding 
� Generic viewpoint 
� Accidental viewpoint 
� What is the ‘view independent theory?’ 
� Marr’s cone theory 
� Biederman’s Geon theory 
� Alignment 
� Feature Space 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cues: L9: Object Perception  
 • We cannot process everything in our visual fields at once, 

we can miss a lot 
• The quote from William James, a lot of the processes that 

occur later in the visual processing stream come from the 
interpretation of the visual processing model in our brain.  

• Visual processing is hierarchical the brain pathways split 
from the striate cortex and it’s along that pathway that 
those processes allow you to recognise people’s faces and 
objects around you.  

• Agnosia is the damaged extricate cortex.  
• There are two forms of Agnosia, the shape one is 

apperceptive Agnosia.  
• Associative Agnosia, they can copy and match but they 

cannot recognise their own drawings. So this is stage three 
damage here. 

• Prosopagnosia clip.  
• Proximity: items that are close to each other in proximity 

are going to be seen as close together.  
• Similarity:  
• Symmetry: you see that the blue objects on the left are 

blue because of symmetry. Symmetry holds contours 
together, because the one’s on the right are black.  

• Good continuation is another nice grouping cue. Elements 
that follow the same direction get grouped together.  

• Motion is important: common fate the dots moving 
together giving you a more complex structure.  

• Question they haven’t taken on the principle of proximity, 
it’s all messed up.  

• Image based segmentation is about texture and how the 
image has various textures.  

• The contoured regions between two different textures, are 
important in terms of object perception because they 
represent the defined edges of objects.  
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Cues: L9: Object Perception  
 • Neurons have to work together to find a contour the 

integration theories work different depending on whether 
they’re grouping laterally or the activity in the striate. The 
truth is that it’s a likely combination of all of those reasons 
which help us with object perception. 

• Recognition by components (Biederman 1987) his theory 
argued that it’s the vocabulary of primitive paths. One 
object is made up of 36“Geons” aka a shape alphabet. 

•  Whereas the Marr theory has what’s called these 
generalised cones.  

• A view dependent solution: you create different 
representations that represent the different viewpoints.  

• Ullmans model where you store different representations 
in space and when you see a representation you interpolate 
between stereotypical views.  

• Edelman’s model. 
• We view simple object judgements (i.e. that an object is a 

dog) or we might use the viewpoint one with finer 
discrimination between objects.  

• How faces are processed holistically and how that 
compares to the processing of other types of objects.  

• If we invert the faces we seem to be released from holistic 
processing. 

• N170 is because it occurs 170 seconds after. 
•  

Summary 



Multi-sensory Integration       
Mather Chapter 13 
Week 10 
� Detection 
� Modular processing 
� Cross modal cuing 
� McGurk effect 
� Identification 
� Exogenous attention 
� Superadditive response 
� Localization  
� Synesthesia 
� Origins  
� How Synesthesia works  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cues: L10: Multi-sensory Integration 
 • How do the senses interact and influence how we hear, feel 

and interact?  
• Things have to come at the same time (temporal 

synchrony) if they come at the same time the brain infers 
that they belong together and as such you get temporal 
integration.  

• The McGurk effect is when integration doesn’t work. The 
visual and audio information arrive at the same time so 
your brain processes it in a way that makes sense.  

• Task or mask test the irrelevant auditory cue could be valid 
or it could be invalid.  

• So they’re slower when the irrelevant cue is in the wrong 
location.  

• What this type of study allows us to conclude is that 
irrelevant stimuli can influence visual discrimination.  

• Our brain relies so much on temporal synchronicity that 
even if they’re in close locations the brain put the sound 
and sounds close together. There’s a light flash and a 
sound source.  

• Vision can influence your own sense of touch, see the 
rubber hand illusion. 

• All of these illusions illustrate spatial correspondence and 
temporal synchrosity. 

•   When the sensory information goes into the brain it goes 
further into the multisensory convergent zones (where they 
interpret the sense together) 

• The medial view you can see the regions that have been 
implicated in receiving information from more than one 
sense.  

• Single cell recording identifies multisensory neurons 
(MSN). MSN’s respond to both an auditory and a tactile 
stimulus for example. SO the one neuron responds for both 
types of stimulation. This multisensory neuron must 
respond even more if you stimulate both of those 
modalities simultaneously.  
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Cues: L10: Multi-sensory Integration 
 • A super additive response is greater than the sum of the 

parts (more responsive to multisensory stimuli)  
• These cells are found in the superior temporal sulcus, so 

these multisensory convergent zones are thought to be the 
higher zone processing of that initial information.  

• Anatomical tracing studies show that when you look at the 
trace between a visual cortex neuron tracing that through 
the system you can see feed forward connections between 
unimodal and multimodal cortex.  

• Attention plays a critical role in how these things occur, 
but attention also can’t stop certain things like in the McG. 
Effect.  

• We all have a tendency to map input across all of our 
senses for example the wind chimes go better with the 
colour yellow than black.  

• 3-4-year-old infants look longer at cross-modal stimuli 
(pitch and location) people argue that it’s not necessarily 
from your environment but there’s an intrinsic tendency.  

• Synaesthesia getting your sense mixed up, occurs in 4% of 
the population. Many people don’t know that they have it. 

• Affects more females than males, high genetic component 
• Many synaethesics have more than one synaesthesia 
• What do their brains look like? They don’t have extra 

connections that we lack it seems to be more that they 
seem to be using the connections we all have a little bit 
differently or with more intensity.  

• V4 is primarily responsible for processing colour. 
• Syn builds on the connections that we all share so my 

major motivation is the potential that it has to inform us as 
to how we all perceive the world. 

• Syns were slower in the incongruent condition as opposed 
to the congruent condition. This is called the synaesthetic 
congruency effect.  

Summary 



Glossary 
Depth	Perception		
	
Accommodation	
Aerial	perspective	
Anaglyph	
Atmospheric	perspective	
Attached	shadow	
Autostereograms	
Binocular	disparity	
Binocular	parallax	
Binocular	Summation	
Cast	shadow	
Ciliary	muscles	
Corresponding	points	
Crossed	disparity	
Cyclopean	
Detail	perspective	
Diplopia/diplopic	
Emmert’s	Law	
Familiar	size	
Foreshortening	
Free	fusion	
Frontal	plane	
Fusion	
Half	image	
Horopter	
Interposition	
Kanizsa	Triangle	
Lenticular	
Linear	perspective	
Metric	
Misapplied	constancy	scaling	
Motion	parallax	
Occlusion	
Oculomotor	
Ordinal		
Panum’s	fusional	area	
Parallax	barrier	
Pictorial	depth	cue	
Random	Dot	stereogram	(RDS)	
Retinal	disparity	
SIRDS	
Stereopsis	
Stereoscope	
Strabismus	
Texture	gradient	

Uncrossed	disparity	
Vergence	



Motion	Perception		
	
Aperture	problem	
Apparent	motion	
Barberpole	illusion	
Coherent	motion	
Comparator	
Corollary	discharge	
Correlation	model	
Efference	copy	
Extrinsic	
Inflow	theory	
Intersection	of	constraints	
Intrinsic		
Line	of	constraint	
Magnocellular	
Microstimulation	
Motion	aftereffect	
Null	direction	
Outflow	theory	
Parvocellular	
Persistence	of	vision	
Plaid	
Pursuit	
Ratio	model	
Reichardt	detector	
Stroboscopic	motion	
Terminators	
Transparent	motion	
Vector	
Wagon	wheel	effect	
Waterfall	illusion	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Colour	Vision	
	
Absorption	
Additive	mixture	
Anomalous	trichromat	
Blobs	
Colour	deficiency	
Colour	opponency	
Cone	monochromat	
Cone	mosaic	
Deuteranomaly	
Deuteranopia	
Double	opponent	cell	
Dual	process	theory	
Electromagnetic	spectrum	
Intensity	
Metamer	
Nanometre	
Neutral	point	
Opponent	process	
Photopic	vision	
Principle	of	univariance	
Prism	
Protanomaly	
Protanopia	
Reflection	
Refraction	
Rod	monochromat	
Scotopic	vision	
Spectrum	
Subtractive	mixture	
Trichromatic	
Tritanomaly	
Tritanopia	
Wavelength	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Face	Perception		
	
There	is	far	less	jargon	for	this	lecture,	as	much	of	face	perception	simply	uses	lay	
terminology.	Still,	at	the	end	of	this	lecture	you	should	have	an	understanding	of	the	
following	more	technical	new	terms:	
		
Composite	Effect	
Chimaera	
Part/Whole	Effect	
Inversion	
Thatcher	Illusion	

Hollistic	Processing	
Inferotemporal	Cortex	
Fusiform	Face	Area	
Prosopagnosia

	
	
	 	



	
	
Multisensory	Integration	
	
After	this	lecture,	you	should	have	an	understanding	of	the	following	terms:	
	
Spatial	correspondence	
Temporal	synchrony	
McGurk	effect	
Cross-modal	cueing	
Ventriloquist	effect	
Rubber	hand	illusion	
Multisensory	convergence	zones	
Feedforward	
Feedback	
Synaesthesia	
Cross-modal	mappings	
Stroop	effect	
Synaesthetic	congruency	effect	



 


