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Biological Psychology 

Conceptual and historical overview  

Types of illusions  

 Sensory: Due to limitations in how the information is encoded, e.g. due to the tuning properties 

of visual cell, can think of as a hardware fault  

 Perceptual: The sensory representation is fine, mistake made in how that representation is 

interpreted, can think of as a software fault 

 

Sensation vs perception 

• Sensation: Representation formed by our sense organs, e.g. response of our retina to light. 

• Perception: How we ‘interpret’ the sensory input, i.e. what we actually see 

Perceptual constancies 

 The perceived physical attributes of an object typically do not change with changes in viewing 

conditions, e.g. perception of shape, size and colour stay substantially constant 

 If perceptual constancy did not exist, objects would appear to change as your view of them 

changed 

 Means that the visual system must interpret the (changing) sensory information (retinal image) 

in order to construct a percept in which objects are constant 

Review Questions 

1) What are gyri & sulci?  

2) Name the 4 lobes in the human brain  

3) What is the central nervous system comprised of?  

4) What is the peripheral nervous system comprised of?  

5) What are the two different types of visual illusions and why they occur?  

6) What are perceptual constancies and why does the brain need to implement them? Use the 

example of size constancy in your answer.  
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The mind-body problem 

Dualism and mentalism 

 Mentalism (of the mind) is the idea that the mind, independent of the brain, is responsible for 

behavior 

 These days the mind is used to describe our perceptions of ourselves as having unitary 

consciousness while also recognizing the role of the brain 

 Dualism is the view that the mind is nonmaterial and without spatial extent, while the body is 

material. The body is a machine that responds mechanically to execute the instructions given by 

the mind 

 Descartes thought that mind and body different but interact in pineal body 

 The mind, via pineal gland, controls valves for ventricles, which allow CSF to flow to ventricles 

and fill muscles and make them move 

 Question: How can a nonmaterial mind produce movement in a material body? 

Reductionism and materialism 

 The concept that psychological functioning and behaviour can be fully explained by the workings 

of the nervous system 

 No need to include the workings of a nonmaterial mind 

 Based on development of theories of natural selection and genetics 

 Phineas Gage: shows how changes in the body can yield changes in the personality/mind 

Mental causation 

 We know that brain states affect psychology/behaviour 

 What about causality in the other direction?  

 Do psychological states affect how we behave and hence, do they then have a causal impact on 

brain functioning?  

 Seems self evident in that ideas, beliefs and goals drive behaviour and hence brain activity, but 

not necessarily the case 

 If the mind cannot have a causal effect on the brain, i.e. if it can’t initiate behaviours and shape 

what we remember, then what are the implications for psychology? 

Marr’s levels of analysis 

 Marr developed this in trying to understand how the visual system works. He thought about it in 

terms of the problem the visual system is trying to solve, how it could solve the problem and the 

neural machinery that is used 

 1. Computational theory 

o What is the goal of the (visual) process 

o Why is it important 

o What is the logic of the strategy to solve it 

 2. Representation and algorithm  

o How can the solution be implemented  

o What sort of processing stages are needed 

o How will the information be represented at those stages 

 3. Hardware implementation  

o How can the algorithm and representations be physically implemented, e.g. what sort of 

cells will you need 
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Review Questions 

1) What are the two components in Descartes’ Dualism theory?  

2) How did some people use the Dualism theory to justify inhumane treatment of children?  

3) Who was Phineas Gage and what is his significance in the debate about the brain and 

behaviour?  

4) What is the concept of Reductionism?  

5) According to Marr, what are the 3 levels a complex system can be understood at?  

6) Explain what each of those levels means 

Neurophysiology and measuring brain function 

Crossing the Cell Membrane 

 Only small nonpolar molecules, e.g., oxygen & carbon dioxide can pass through (not water) 

 Channels: Membrane proteins that create a particular shaped/sized channel through which 

specific substances can pass 

 Gates: Proteins that change shape, creating a gated channel. The shape changes due to a 

chemical binding to them, or in response to electrical charge or temperature change 

 Pumps: Shape-changing protein that acts as a pump, actively moves substances across 

membrane 
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Single-cell recording 

 Uses a microelectrode  either 

o Intracellular: place in the cell body 

o Extracellular: near the cell body 

 Can record both graded and action potentials 

o Voltage of a neuron or receptor that changes with the intensity of the stimulus 

o Large and brief reversal in the electrical polarity (sign) of an axon, resulting from brief 

changes in the membrane’s permeability to potassium and sodium 

 Advantages 

o Know what the cell is tuned to 

o Precise measurement of single neurons 

 Disadvantages 

o Very invasive: inserting the electrode and damage to the cell 

o Can be hard to record from a cell for extended periods 

o Hard to simultaneously record from many cells and population responses are important 

o Biased to recording from larger cells 

 

Electroencephalogram 

 Passive electrodes are stuck onto the scalp 

 Reference electrode at a site where no changing electrical activity is expected, e.g. earlobe 

 Difference between each electrode and the reference indicates electrical activity in the 

underlying brain area 

 Voltage fluctuations are amplified and displayed on a polygraph 

 If many neurons undergo the same graded change at the same time, the voltage is large enough 

to be recorded through the skull 

 Typically EEG recordings depict the sum of graded responses of thousands of neurons 

 EEG used for in many areas 

o States of consciousness and depth of anesthesia; slower waves for deeper anesthesia 
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o Sleep studies 

o Diagnosing epilepsy and brain damage 

o Studying normal brain function – look at degree of coherence between different areas 

Event-related potentials 

 Brief change in a slow-wave EEG signal in response to a discrete sensory stimulus 

 Waveform is the average of many trials since EEG waveform reflects neural activity from all 

regions of the brain, and most of this activity is not linked to processing the stimulus of interest 

 Polarity (positive/negative) of the change has no significance in cognitive terms 

 In terms of linking it to cognition, the important factors are: 

o The timing and amplitude of the peaks 

o The location of the signal in the cortex is also of interest 

 The N170 is relatively specialized for faces 

 Advantages 

o Have a continuous measure, so can be used to investigate the time-course of cognitive 

processing 

o Can investigate the processing of unattended stimuli 

o Relatively cheap to conduct 

 Disadvantages 

o Less invasive than single-cell recording and PET 

o Better temporal resolution than PET and fMRI  

o Very poor spatial resolution (just general area) 

 

Magnetoencephalogram 

 Records magnetic fields of neurons 

 These produced fields are very small compared to the magnetic field of the earth 

 Very hard to measure, so only relatively recent technology 
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 Advantages: Very good temporal and spatial resolution 

 Disadvantages: High cost 

Transcranial magnetic stimulation 

 Magnetic stimulation of the brain 

 Uses a small wire coil in the shape of a figure 8 

 Can be used to map functional regions of the brain; make temporary virtual lesions and study its 

consequences 

 Non-invasive 

Computerised tomography  

 Passes narrow X-ray beams through the brain at different angles to create many images, 

combined to create a 3-D image of the brain  

 Bone shows white; fluid shows darker  

 Can’t discriminate between gray and white matter  

 Useful for localising damaged brain areas, which have fewer neurons and more fluid, so dark 

 

Structural magnetic resonance imaging 

 Uses a large magnet to align the hydrogen atoms in water molecules  

 Then a specific radiofrequency pulse causes them to wobble (procession) 

 As they process they produce a detectable change in the magnetic field 

 Provides a measure of tissue density to visualise brain tissue 
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Positron emission tomography 

 Radioactive molecules are injected into the bloodstream or inhaled 

 Molecules release radioactive particles that are detected by the PET camera   

 A computer reconstructs variations in the density of the flow of particles   

 Produces an image representing areas of high and low blood flow 

 Advantages  

o Can detect a wide range of radiochemicals  

o Allows for the mapping of a wide range of brain changes and chemicals 

 Disadvantages 

o Expensive 

o Uses a subtraction process 

o Uses radioactive tracer 

o Poor temporal resolution 

Functional magnetic resonance imaging 

 MRI can be adapted to detect changes in blood oxygenation associated with neural activity 

 Increase in blood flow to areas involved in processing a task 

 Hemodynamic response function (change in BOLD signal over time) 

 Advantages (compared to PET)  

o No radioactive tracer (safer)  

o Better temporal resolution (1 to 4 s compared to 30s)  

o Better spatial resolution, around 1mm 3   

 Disadvantages  

o Expensive (but so are the other imaging techniques)  

o Magnets are noisy, so hard on the subject 

o Subtraction process requires good choice of baseline 
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o Assumption is that both tasks involve processing common processing but one has the 

added component of the task of interest 

o Have to adjust for many comparisons between voxels 

 

 

Comparing functional imaging and lesion studies 

 Imaging suggests a region is important to a task, lesion doesn’t 

o Activated region reflects a particular strategy by the participant, not essential for task 

o Activated region reflects the recruitment of some general cognitive resource, e.g. 

increased attention or arousal 

o ‘Activated’ region is being inhibited 

o Lesion study not powerful enough to detect region (too few patients) 

 Imaging suggests a region is not important to a task, lesion indicates it is 

o The experimental and baseline tasks both critically depend on that region 

o The subtraction process produces an artificial null result 

o Might be intrinsically hard to detect activity in this region, e.g. region very small 

o Impaired performance reflects damage pathways going through the region, not the 

actual region 
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Diffusion tensor imaging 

 MRI method that images fiber pathways by detecting directional movements of water molecules 

in ventricles 

 Movement in nerve fibers tends to follow the longitudinal axis, a property called anisotropy 

 Can detect degeneration of axons and distortion of and damage to fibers 

Review Questions 

1) What are dendrites and in terms of cells communicating which each other? 

2) What are axons and in terms of cells communicating which each other, what is their functions?  

3) What is a terminal button and a synapse?  

4) What are neurotransmitters and what do they do?  

5) What are the 3 mechanisms that allow substances to cross the cell membrane?  

6) What are the three types of voltage differences across the cell membrane?  

7) What is an action potential and the flow of which ions produce it?  

8) What are refractory periods following an action potential?  

9) In terms of the movement of the activation potential, what functional role does the absolute 

refractory period serve?  

10) What is meant by saltatory conduction, why does the brain do it and how is it achieved?  

11) What happens to the myelin cells in multiple sclerosis?  

12) What are Excitatory and Inhibitory Post Synaptic Potentials?  

13) What are the 4 different ways the electrical activity of the brain can be measured?  

14) What are the two different types of electrical activity of brain cells and what do they represent.  

15) What is the main advantage of single-cell recording?  

16) What are the 5 disadvantages of single-cell recording?  

17) What do EEG recordings actually measure?  

18) What happens to the amplitude and frequency of EEG waves as mental activity decreases?  

19) What is an ERP? 

20) Why do you need to average over many trials in an ERP study?  

21) What is the main advantage of an ERP study compared to a behavioural study?  

22) What are the advantages of ERP studies compared to other imaging techniques?  

23) What is the main advantage and disadvantage of an MEG study?  

24) What are the two types of brain-stimulation techniques?  

25) What are the two main ways to image the structure of the brain?  

26) Describe how PET works.  

27) What are the advantages and disadvantages of PET?  

28) What changes in brain activity do fMRI images directly measure?  

29) What are the advantages and disadvantages of fMRI?  

30) An fMRI study seemed to indicate that dead salmon have brain activity. What important aspect 

of fMRI studies did that study highlight?  

31) In designing an fMRI study, what two conditions do you need to run? How do you want these 

two conditions to differ?  

32) Consequently, what does the final fMRI activity pattern actually represent? That is, describe the 

subtraction process.  

33) A functional imaging study suggests that a cortical region is important in the processing of a 

task, but a lesion study indicates it isn’t. What are the four potential reasons for this difference?  
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34) An imaging study suggests that a region is not important to a task, but the lesion study indicates 

that it is. What are the three potential reasons for this difference?  

35) What is DTI? 

The eye and receptive fields 

Photoreceptors 

 Rods 

o High luminance sensitivity 

o Operate at low light levels 

o Rapid saturation 

 Cones 

o Low luminance sensitivity 

o Operate at high light levels 

o Less rapid saturation 

o Mediate colour vision and ability to see fine detail 

Troxler fading 

 An optical illusion affecting visual perception 

 When one fixates on a particular point for even a short period of time, an unchanging stimulus 

away from the fixation point will fade away and disappear 

 

Accommodation conditions 

 Accommodation is the process by which the vertebrate eye changes optical power to maintain a 

clear image or focus on an object as its distance varies. 

 Emmetropia: Normal vision (can correctly focus) 

 Presbyopia 

o Decrease in accommodation ability with age 

o Near point lengthens 

 Myopia 

o Too much refractive power for the eyeball size 

o Nearsightedness  

o Far object blurred 

o Near object focused 

o Near point abnormally near 

 Hypermetropia 

o Not enough refractive power 

o Farsightedness (near object blurred) 
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o How children’s eyes start out 

o Perception of blurred images signals the eye to grow 

 

Types of vision 

 Scotopic: Rods only (cones not responding) 

 Mesopic: rods and cones 

 Photopic: Cones only (rod response has saturated) 

 Scotopic (rods) 

o No colour vision  

o Blind to images falling in the fovea  

o Poor ability to see fine detail (spatial acuity) 

 Photopic (cones) 

o Colour vision 

o Good spatial acuity 

o Best spatial acuity in the fovea 

Light and dark adaptation 

 Rods are much more sensitive to dim light than cones 

 Dark adaptation takes different amounts of time for rods and cones 

o Takes 10 minutes for the photopic (cone) system, resulting in about a 100 fold 

improvement 

o Tajes 30 minutes for scotopic (rod) system, resulting in about a 100,000 fold 

improvement 

 Want to read a map at night but still maintain good night vision 

 Ideally, want a light that drives the cones but not the rods, or at least a light that drives the 

cones more than the rods, i.e. red light 

 You could also maintain light adaptation with one eye and dark adaptation with the other eye 

 Ways that the visual system maintains sensitivity over a wide range of luminance intensities: 
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o Variable pupil size (aperture) 

o Two types of photo-receptors (rods & cones) 

o Light and dark adaptation 

 

Receptive fields 

 The receptive field of a cell is the region in space in which stimulation leads to a response (i.e. a 

change in the firing rate) in the cell 

 For the cell to respond, the stimulation has to be of the correct type, i.e. the cell is tuned to 

particular aspects of the visual stimulus 

Centre-surround cells 

 Two types of centre-surround cells in the retinal ganglia/LGN 

 On centre: Detects (increases its firing rate) when a bright dot is placed in its centre; no 

(minimal) response to uniform light field 

 Off centre: Detects (increases its firing rate) when a dark dot is placed in its centre 

 Why on/off system? Another way to detect light increments and decrements would be a single 

system (e.g. On) with a high maintained-discharge level, which can then increase or decrease 

 Drawbacks with a single system: 

o Metabolic cost of maintaining higher average firing level 

o Activity noise is higher for lower activity levels 

o Reduce effective dynamic range of the cell (fewer distinguishable levels) 
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Hermann-Herring grid illusion 

 Example of a Sensory illusion, occurs due to how the system encodes the retinal image 

 Can be understood using the properties of receptive fiends of centre-surround cells 
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Simple and complex cells 

 Simple cells 

o Orientation and width selective (not to length) 

o Linear RF, meaning that the position and luminance polarity dependent 

 Complex cells 

o Orientation and width selective (not to length) 

o Non-linear RF, meaning that the cell is not tuned to the position (within the RF) and 

luminance polarity of the stimulus 

o Motion selective 

 Hyper-complex (end stopped) cells 

o Length selective (simple or complex) 

 Concentric cells 

o Typically colour selective 

 Simple cells may derive their response by combining the responses of several LGN center-

surround cells 

 



15 
 

 

 

Feature-detection model 

 As you move up the visual system, cells are tuned to more complex features   

 Perhaps it reaches a stage where the cell is tuned to a very complex set of features – e.g. notion 

of a grandmother cell 

 Problems with the notion of complex-feature detectors:  

o Huge number of required number of cells   

o Same object, different views, therefore many cells needed  

o How to deal with new objects? 

o Empirically, cortical cells respond to many stimulus properties  

 Alternative ideas: 

o Network response   

o Spatial-frequency detectors  
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Review Questions 

1) What are the major parts of the eye and what are their functions?  

2) Are we actually blind to objects that cast their image onto the blind spot, and if so, what does 

this suggest about how the visual system processes the retinal image?  

3) What is the process of accommodation and why does it need to occur?  

4) What are some of the abnormalities that can occur with the accommodation process?  

5) What are the two major types of photoreceptors and what are their properties?  

6) What is meant by scotopic and photopic vision and what are the characteristics of each?  

7) Describe, qualitatively, how the density of rods and cones varies across the retina.  

8) If you wanted to view a dim object at night with the naked eye, would you look directly at it? 

Why?  

9) What is meant by dark and light adaptation? What changes occur during this process?  

10) During dark adaptation, the ability to detect a small dot of light improves for about 10 minutes 

and then stays the same, whereas sensitivity to a larger dot of light keeps on improving for 

about 30 minutes. Why does this occur?  

11) If you wanted to read a map at night but still maintain good night vision, what coloured light 

would you use and why?  

12) If you wanted to read a map at night and use the least amount of light, what coloured light 

would you use and why?  

13) What are the three ways that the visual systems maintains its sensitivity to a wide range of 

luminance intensities?  

14) What is the receptive field of a visual cell?  

15) What happens to the average size of receptive fields as the distance from the fovea increases?  

16) What is meant by retinotopic and topographic mapping of visual cells in area V1?  

17) With respect to receptive-field structure, what is meant by spatial opponency and what are the 

functional consequences of it?  

18) What is the receptive-field structure of cells at the retinal-ganglion and LGN levels in the visual 

system, and, consequently, to what sort of stimuli are they sensitive to?  

19) The visual system maintains sensitivity to light increments and decrements by having separate 

On and Off cells. How could a single On system encode both light increments and decrements 

and what would be the disadvantages of such a single system, compared to separate On and Off 

system?  

20) What is the Herman-Herring grid illusion and explain why it occurs. (Note: two aspects to the 

illusion, the appearance of grey dots and their location in the visual field – i.e. only see them in 

peripheral vision).  

21) What are they main types of cells found in area V1 and what are their receptive-field 

properties? Consequently, what sort of stimuli are they sensitive to?  

22) One model of brain anatomy states that complex cells are made by combining the output of 

simple cells? If the entire output of simple cells was pooled in this manner, i.e. if the visual 

system couldn’t process the information of a single simple-cell, what information would be lost 

and/or degraded?  

23) What is meant by the feature-detection model of visual processing (i.e. grandmother cells)?  

24) What are the drawbacks of the feature-detection model?  
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Visual cortex organisation and development 

Cortical organisation of V1 

 Orientation columns  

o Cells in columns perpendicular to cortex surface are tuned to the same orientation   

o Progressive change in the preferred orientation across the cortex  

 Ocular dominance columns  

o Binocular cells can favour input from one eye  

o Actually arranged more in ‘slabs’ or stripes  

 Hypercolumn 

o A collection of cells that covers the range of all possible orientations and ocular 

dominance levels   

o All Receptive fields are in the same region of space – e.g. orientation hypercolumn   

o Cortical extent ~1 square mm  

 Cortical magnification (eccentricity effects)  

o Size of hypercolumn remains the same   

o Size of RF increases  

o Amount of cortex devoted to visual space decreases with increasing eccentricity 

 Blobs  

o Stained the cortex using cytochrome oxidase, an enzyme involved with the energy 

system of the cell  

o Areas of high uptake, called ‘Blobs’  

o Where the concentric cortical cells are located, devoted to colour processing  

  Interblob region  

o Standard contour/orientation sensitive cells  

o Contours can be colour defined 

Tilt after-effect 

 Adaptation: Extended viewing of a stimulus results in a reduction in the sensitivity of cells that 

are tuned to that stimulus (reduction in firing rate) 

 Adaptation helps the system to be more responsive to changes 

 When presented with vertical lines, orientation-sensitive cells tuned to vertical and angles to the 

left and right of vertical will respond, while the average population response will be vertical  

 Adapt to lines tilted to slightly away from vertical, e.g. to the left  

 Cells tuned to the left will be greatly adapted, those tuned to vertical slightly adapted, those 

tuned to the right, not adapted  

 Present vertical lines  

 Population response now shifted to the right 
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Oblique effect 

 Greater sensitivity to vertical and horizontal lines than to oblique ones 

 More cells tuned to orientations around vertical and horizontal than to oblique 

• Why would this non-uniform sensitivity occur ? 

• Greater exposure to vertical and horizontal contours in the environment  

• Leads to the question of what effect does the environment have on the development of the 

tuning properties of cells 

Critical period 

 In developmental psychology and developmental biology, a critical period is a maturational 

stage in the lifespan of an organism during which the nervous system is especially sensitive to 

certain environmental stimuli 

 If the organism does not receive the appropriate stimulus during this "critical period" to learn a 

given skill or trait, it may be difficult, ultimately less successful, or even impossible 

Visual deprivation 

 Recorded from cells in cats and monkeys that were either newly born or several weeks old but 

deprived of visual input 

 If visual input is permanently lost at an early age then input from other modalities can take over, 

so that V1 can become involved in processing different tasks 

 Selective horizontal and vertical gratings during critical period results in cells sensitive only to 

the viewed orientations 

 Response properties of cells genetically determined, however visual experience necessary for 

normal development 
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Review Questions 

1) How is orientation information represented in cortical area V1?  

2) What is meant by the term “cortical magnification factor”?  

3) Neighbouring orientation-tuned columns in V1 have preferred orientations that differ by about 

10 degrees. How does the visual system process orientation information so as to be sensitive to 

changes in orientation of less than 10 degrees?  

4) If you view a series of lines tilted to the left of vertical for a minute, what will you see when you 

then immediately view of series of vertical lines? Explain why such a percept occurs.  

5) In terms of sensitivity to orientation, what is the oblique effect and why might it occur?  

6) Are the tuning properties of visual cells genetically determined? Discuss experimental evidence 

that supports your claim.  

7) Does the visual environment affect the tuning properties of visual cells? Discuss experimental 

evidence.  

8) What is the significance of a “critical period” in cortical development? 
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Colour perception 

Broadband system 

 A broadband system uses a smaller number of receptors with larger ranges of wavelengths 

 Narrowband system would require too many cone types for high spatial resolution 

 

 

Aspects of colour 

 Hue: The actual colour, e.g. red, green 

 Saturation: Amount of colour relative to white, the greater the saturation, the greater the 

vividness of the colour 

 Brightness: Light intensity 
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Types of mixing 

• Additive mixing 

o The resultant spectrum is the sum of the component spectrums 

o More light in the mixture than in the components 

o Possible using light projection, spatial summation (light pixels), or temporal summation 

• Subtractive mixing 

o Light is removed, so there is less light in the mixture than in the components 

o Only the light that is common to both components remains 

o Occurs when paints are mixed 

• Metamers: Physically different stimuli that are perceived as identical 

• A single type of receptor would only be able to determine differences in light intensity, and 

would not perceive colour 

• Two receptors would be able to code for multiple colours, and would also have a neutral point, 

the wavelength that activates both receptors equally 

• Trichromacy involves three receptors, and has no neutral point 
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Trichromatic theory 

 Trichromacy or trichromatism is the possessing of three independent channels for conveying 

color information, derived from the three different types of cone cells in the eye 

 Perceived colour is based on the ratio of L:M:S activity 

 The physical ratio of L:M:S cones is 32:16:1 

 Problems with trichromatic theory 

o Cannot explain red:green and yellow:blue afterimages 

o Yellow also needed to make all colour combinations 

 

Opponency model 

 Colour vision is mediated by three pairs of opposing mechanisms 

o  Red:Green 

o  Blue:Yellow 

o  White:Black 
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CIE colour space 

 Based upon colour matching studies and hence the trichromatic theory or colour perception 

 Represents every colour as a sum of three primaries 

 Convert this to a 2D graph by having total sum to one, so normalise brightness 

 The mixture of any 2 colours will lie along the straight line connecting the two components 

 

Cone space (MB/DKL space) 

• Based upon the response of the cones 

• L-M axis: Constant S cone response 

• S axis: Constant M-L response 

• L+M axis: Luminance axis 
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Colour deficits 

 Rod Monochromats: no cones, only rods 

 Cone monochromats: very rare, typically all cones are present but the photopigments are wrong 

 Dichromats: one of the cone types is missing 

o Protanopes: lack L cone pigment 

o Deuteranopes: lack M cone pigment 

o Tritanopes: lack S cone pigment 

 Anomalous trichromats: all cones are present, but sensitivity curves are shifted from standard 

 Farnsworth-Munsell 100 Hue Test: Order a series of coloured caps in terms of hue 

 Ishihara Test: Number defined by a unique colour compared to the background, with luminance 

information randomly assigned 

 

Review Questions 

1) What are the three parameters used to define the colour of an object and what do they mean?  

2) In order to process colour, the human visual system uses 3 broadband detectors rather than 

many narrowband ones, what is the advantage of such an approach?  

3) What are the two types of colour mixing, what is the major difference between them, and give 

examples of each type?  

4) If you added all the spectral colours together in an additive-colour mix, what colour what you 

get, what if you did the same in subtractive colour mix? Why are the two resultant colours 

different?  

5) What are metamers?  

6) Can a monochromatic system provide the basis for perceiving colour? Why?  
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7) Can a dichromatic system provide the basis for perceiving colour? Why?  

8) In a dichromatic system, what is the neutral point and what is the consequence of it?  

9) What is the trichromatic theory of colour perception?  

10) What is the opponency model of colour perception?  

11) Explain how both models are correct?  

12) What is meant by the concept of a colour-blind processing system?  

13) How could you test whether a system, e.g. motion or stereo processing, are colour blind and 

what are the disadvantages of the various experimental techniques?  

14) Describe the three main colour spaces used to define colour.  

15) What is one of the main uses of the CIE colour space, i.e. what can it predict?  

16) Describe the various types of retinal-based colour blindness and discuss whether it is accurate to 

call them colour blind.  

17) What are the two main colour tests?  

Memory consolidation and storage 

Important brain areas 

 Limbic system : a network of structures curving through each hemisphere which are crucial for 

emotion and learning/memory (also motivation and olfaction) 

 Includes hippocampus, amygdala, fornix, and mammillary bodies 

 

Types of memory 

 Iconic memory: very short term memory (less than 1s), basically a sensory buffer 

 Short-term memory (STM): information currently held in the ‘mind’, 30s unless repeated, 

limited capacity 

 Long-term memory (LTM): information that is stored permanently, considered to have unlimited 

capacity 
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Working memory 

 Working memory consists of a number of components 

 Phonological loop: Auditory information, e.g. a phone number 

 Visuospatial sketch pad: Visual impressions, e.g. route to new location 

 Episodic buffer: more integrated information spanning across modalities, bit like a movie clip 

 

Types of long-term memory 

 Declarative: what is typically thought of as memory, consists of facts and information 

o Episodic: remembering autobiographical information, i.e. episodes in your life, like the 

first day of school 

o Semantic: generalised declarative memory, such as knowing the meaning of the word 

without knowing where or when you learnt that word 

 Nondeclarative/procedural: memory about perceptual or motor procedures, shown by 

performance rather than by conscious recollection, e.g. riding a bike or playing guitar 

o Skill learning: learning a motor skill via repeated trials 

o Priming/repetition priming: a change in the processing of a stimulus, e.g. a word or 

picture, due to prior exposure to the same or a related stimulus 

o Conditioning: learning simple associations between stimuli 
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Patient HM 

 HM had his amygdala, most of his hippocampus and some surrounding cortex removed from 

both temporal lobes removed 

 Other patients have had the amygdala removed, but less damage to the hippocampus, and 

showed no amnesia, so hippocampus seems vital for consolidating declarative LTM 

 He couldn’t consolidate LT declarative memories but could retrieve memories consolidated 

before his surgery 

 This shows that areas involved in consolidation are not the same as those that actually store the 

memories 

Role of the Hippocampus 

 Korsakoff’s syndrome: typically caused by a lack of vitamin B1, hippocampus is typically normal, 

but shrunken/diseased mammillary bodies and some damage to the dorsomedial thalamus. 

Often deny that anything is wrong with them and tend to confabulate 

 Patient NA: damage to mammillary bodies and thalamus, resulting in anterograde amnesia 

 Patient KC: anterograde amnesia for episodic, not semantic information 

 Hippocampus is important for the consolidation of declarative memories 

 Memories are stored in other cortical regions, tend to be areas of the cortex where the 

information was first processed and held in short-term memory, e.g. the visual cortex is crucial 

for visual object recognition memory 

 Once stored, the hippocampus is not required for their retrieval 

 Structures in the medial temporal lobe crucial for declarative memory 
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Hippocampus and spatial memory 

 Studies on rats running mazes showed that they form a cognitive map, i.e. encode the relative 

spatial arrangements of objects 

 Hippocampus: important for actually storing spatial memory in the form of place and grid cells 

 Place cells 

o Encode selective spatial locations 

o Become active when the rat is in/moving towards the location encoded by that cell 

o If placed in a new environment, these cells remap to that environment 

 Grid cells 

o Fire when the animal crosses the intersection points of an abstract grid map of the local 

environment 

o Akin to encoding latitude and longitude 

 In humans, spatial learning across the lifespan can change the size of the hippocampus 

o Size of hippocampus increases in London taxi drivers 

o Reflects an increase in grey matter, i.e. brain cells 

 

 

Skill learning 

 Sensorimotor: e.g. mirror tracing task (see a figure in a mirror and have to trace it), learnt by HM 

 Perceptual: e.g. reading mirror-reversed text 

 Cognitive: e.g. playing puzzles 

 Areas implicated are basal ganglia, motor cortex, and cerebellum 

 For example, learning specific sequences of finger movements linked to selective activation of 

the motor cortex and the basal ganglia 
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Priming 

 Priming refers to a change in processing of a stimulus due to prior exposure to the same or a 

related stimulus 

 It is not affected by damage to the basal ganglia 

 Visual priming: Based upon the visual form of words, reduced activity in bilateral 

occipitotemporal cortex 

 Conceptual priming: Based upon the word meaning, reduced activation in the left frontal cortex 

Conditioning 

 Classical/Pavlovian conditioning 

o Learning that an initially neutral stimulus comes to predict an important event  

o Pavlov’s study: a bell rang prior to food arriving to feed dogs.  

o The dogs learnt to associate the bell (initially a neutral stimulus) with food, and so 

started to salivate at the sound of the bell 

 Eye-blink reflex 

o A form of classical conditioning 

o A tone is associated with a puff of air to the eyes of rabbits 

o The air causes an eye blink, so when conditioned, the tone results in an eye blink 

o Cerebellum (and other structures) is important for this conditioning 

 Instrumental/operant conditioning 

o A stimulus and response learning 

o The likelihood that an act (instrumental response) will be performed depends on the 

consequences (reinforcing stimuli) that follow it 

o Reinforcement and/or punishments that the response elicits determine whether that 

behaviour continues 

o Many performed research using animals in a Skinner box 

o Animals in a Skinner box learn to press a lever to gain food pellets or to avoid footshock 

(electric shock applied via the floor) 

Emotion and memory 

 Strong emotions can enhance memory formation and retrieval 

 While these memories tend to be more vivid, they are not necessarily more accurate 
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 The amygdala is involved in forming these emotive memories 

 Olfaction (sense of smell) is part of the limbic system and the olfactory bulb is next to and 

provides input to the amygdala 

 People who experience life-threatening events can develop PTSD, which is characterised by 

experiencing intrusive thoughts and nightmares, and flashbacks to the original event 

 Injecting into the amygdala a blocker for the receptors of one of these transmitters stops the 

memory-enhancing effects of stress 

 If injected into people who have just suffered from a traumatic event, then their memory of the 

event is significantly reduced (compared to controls) when tested months later 

 Potential treatment for PTSD 

o In PTSD, each recurrence of the strong emotions and memories of the traumatic event 

may reactivate memories that, when consolidated in the presence of stress signals, 

become stronger 

o Therefore, one strategy is to use a blocker (in this case, for epinephrine) and get the 

person to recall the memory 

o Thought to blunt the emotional experience of the event and therefore weaken it during 

reconsolidation 

 

Neural mechanisms of memory 

 An engram are the underlying physical changes in the brain believed to underpin memory 

formation, particularly LTM 

 Current theories on the cellular basis of learning and memory focus on plasticity of the synapses 

o Structural changes: greater connections between cells  

o Physiological changes: greater neurotransmitter release 

 Hebbian learning: when a presynaptic neuron repeatedly activates a postsynaptic one, the 

synaptic connection between them will become stronger and more stable 

Long term potentiation 

 Finding that applying a brief, high-frequency burst of electrical stimulation (a tetanus), inducing 

high rates of action potentials in the presynaptic neurons, increases the subsequent response in 

the postsynaptic neurons  

 LTP can be generated in  

o Conscious and freely behaving animals 

o Anesthetised animals 
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o Can last for weeks or more 

 LTP thus has the potential to be a cellular mechanism for memory 

 Evidence that LTP underpins some forms of learning: 

o Correlational observations: Time course of LTP very similar to the time course of 

memory formation, i.e. both can be induced within seconds, can last for days or weeks, 

and shows an active consolidation period that lasts for minutes after induction 

o Somatic intervention experiments: Genetically modified knockout mice missing a gene 

that produces a protein that is important for LTP in the hippocampus can form STMs but 

not LTMs 

o Behavioural intervention experiments: Training an animal in a memory task can induce 

LTP in the brain. Has been found through fear conditioning studies in rats 

 

Memory and aging 

 Tasks that reliably show decline with age 

o Conscious recollection that rely primarily on internal generation of the memory  

o Working memory  

o Ability to form new episodic and declarative memories 

o Some decrease in spatial memory 

 Tasks that typically are not affected by aging 

o Cued memory tasks  

o Existing memories like autobiographical and semantic 

 Neurons are gradually lost in the brain after the age of around 30 

 Ways to minimise loses 

o Favourable environmental circumstances, including above average education, 

demanding and rewarding job 

o Engaging in complex and intellectually stimulating activities, such as reading, travel, 

cultural events, continuing education 

o Having a spouse/partner with high cognitive status 
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Review Questions 

1) What is amnesia and what are the two different types of it?  

2) Who is HM?  

3) Why did he need surgery and what was removed?  

4) What impact did that have on his memory, what memories were impaired and what were not?  

5) What studies implicate the hippocampus in encoding declarative long-term memories?  

6) What findings indicate that the hippocampus is not involved in the storage of most memories?  

7) What information do place and grid cells in hippocampus process?  

8) What is a mirror task, and what were HR’s pattern of results on this task? What did it tell us 

about his memory ability?  

9) What cortical region is involved in learning skills?  

10) What is classical condition? What is common experimental task used to study it? What brain 

area is involved in establishing classical conditioning?  

11) What is instrumental or operant conditioning?  

12) Why can aromas be so evocative?  

13) What cortical region is involved in encoding emotive memories?  

14) What disorder can occur due to over activation of this area when forming memories?  

15) What are some treatments for PTSD aimed at reducing the emotive impact of the memories?  

16) What is an engram?  

17) List the two main types of cellular changes that have been linked to the encoding of memories 

and given an example of each.  

18) Describe the rat study that showed that the richness of the environment could affect the 

structure of the brain.  

19) What is long term potentiation?  

20) What is the evidence that LTP can play a role in memory formation?  

21) What memory tasks reliably show an impairment with aging?  

22) What memory tasks are typically not affected by aging?  

23) What neural changes are linked to memory impairments with aging?  

24) What are the ways to minimise memory impairments with aging?  

25) What are Nootropics? 

Parallel pathways in vision 

Visual system pathways 

• Multiple processing stages, and each stage extracts different types of information 

• Each stage transforms the visual input in different ways in order to process different aspects of 

the visual world 

 Initially stages are hierarchical, but less so beyond V1 

o 80% of optic nerve fibres project to the cortex (mainly V1) via the LGN  

o Other 20% projects to sub-cortical regions, mainly the superior colliculus 

Superior colliculus 

 Located at the top of the brain stem 

 Phylogenetically older than the cortex 

 In many lower animals (e.g. frogs & fish), the SC represents the major visual projection site 

 Receptive field does not have well defined on and off regions like V1 
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 Multisensory: some cells also receive auditory input, and for the cell to fire, the auditory & 

visual stimulation must originate from the same region of space 

 Many SC cells emit a burst of activity just prior to an eye movement when a stimulus is present 

 Seems to detect the presence of objects located away from the point of fixation (in peripheral 

vision) and guide orientating movements of the eye and head towards these objects 

 Early work on the SC in frogs supports this 

o On detectors: Respond to an increase in light level 

o Off detectors: Respond to a decrease in light level 

o On-Off detectors: Respond to increase or decrease in light level 

o Line/edge detectors: Respond to a moving line/edge of a particular orientation 

o Bug detectors: Respond to small dark moving spots, and elicit a capture response using 

the tongue 

 

Magnocellular & parvocellular pathways 

 Magnocellular (‘large’ cells) 

 Parvocellular (‘small’ cells) 

 Distinction found in both ganglion and V1 cells 

 M cells (15% of total cells) 

o High contrast sensitivity 

o Large RF size 

o Fast axon conduction speed 

o More transient response 

o Not sensitive to colour differences 

 P cells (80% of total cells) 

o Low contrast sensitivity  

o Small RF size (better spatial acuity: see fine detail) 

o Slower axon conduction speed 

o More sustained response 

o Sensitive to colour differences 

 M & P systems extend the sensitivity of the visual system 

o M: in the temporal domain, i.e. sensitive to rapid variation in the stimulus over time 
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o P: in the spatial domain, i.e. sensitive to rapid variation in the stimulus over space 

 Shouldn’t view processing as being purely M or P mediated, though some tasks can be 

dominated by one of them (e.g. M - motion?) 

 

Ventral and dorsal streams 

 Can break post V1 processing into 2 main pathways: ventral & dorsal pathways 

 Ventral stream 

o Projects to the Inferotemporal cortex 

o Includes cortical area V4 

o Input is parvocellular dominated 

 Dorsal stream 

o Projects to the posterior-parietal cortex 

o Includes cortical area V5 (MT) 

o Input is magnocellular dominated 

 Lesion evidence in monkeys using the object discrimination vs landmark test supports the 

model. V5 lesion impairs motion detection but not pattern perception, whereas V4 lesion is the 

reverse pattern 

 PET and fMRI Studies in humans show similar results with spatial vs face-matching tasks 
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Pooling of visual input 

 Given the small RFs of V1 cells, objects of interest to us are typically larger than the RF of a 

single cell (about 2 degrees) 

 Means that to fully process an object, need to pool the output of many V1 cells 

 Pooling in form processing 

o Extraction of local edge/line (spatial-frequency component)  

o Combining to for contours 

o Combining to form shapes  

o High level representations (like faces) 

 Pooling in motion processing 

o Local-motion extraction 

o Global-motion pooling 

o Optic-flow pooling 

Motion after-effect 

 View motion in one direction for a period of time 

 Then view a static image, it will appear to move in the opposite direction, even though it doesn’t 

appear to markedly change its location 

 Shows that we have cells tuned to different directions of motion and there is an inhibitory 

connection between units tuned to opposite directions of motion 

 Also shows that spatial localisation and motion perception mediated by different pathways 

 Location of motion cells 

o Cells in each eye are monocular 

o Cells in the cortex are binocular 

o Adapt to motion with one eye (e.g. left) 

o Test for a MAE with the other (right) 

o Result is inter-ocular transfer of the MAE, shows that motion units are in the cortex (i.e. 

at the binocular cell level) 

 Motion offsets perceived position in the direction of the motion 

 

Aperture problem 

 Limitation imposed by (local) motion units having spatially localised RFs (apertures) 

 For objects that extend beyond the RF, the cell can only extract the motion component that is 

orthogonal to the cell’s preferred orientation 

 To extract the actual motion of the object, need to pool the output of many local-motion cells 
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Global-motion pooling 

 Pooling occurs at the ‘Global-Motion’ stage in area V5/MT (middle temporal) 

 Many stimuli have been used to investigate the global-motion (GM) stage 

 All such stimuli require that you can only generate the percept or perform the task if you pool 

the output of many local-motion units 

 Global-motion stimulus 

o Signal embedded in motion noise 

o Signal dots move in the same direction, while noise dots move in random directions 

o Threshold measure: number of signal dots required to determine the GM direction 

o Typical thresholds are around 6% 

 Global-Gabor stimulus 

o A field of Gabors that move with a consistent global motion 

o A Gabor is a sinewave in a Gaussian envelope 

 Motion pooling occurs in V5, which shows columnar organisation of neurons arranged by 

specificity to motion in particular directions 
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Optic-flow 

 Retinal motion (motion of the images on our retina) occurs every time we move eyes/head 

 Optic flow is motion or apparent motion produced through self-motion through an environment 

 Three types: 

o Translational: produced by frontoparallel motion 

o Radial: produced by motion in depth 

o Rotational: produced by rotation 

 Optic flow is important for maintaining balance. Ways to show its use: 

o Remove visual feedback: Stand on one foot with eyes open/closed 

o Provide wrong visual cues: Put person in a room and move the wall towards them. Feels 

like you are moving towards the wall as if you were falling forwards, to correct and fall 

backwards (works better with infants) 

 

Induced self-motion 

 Seeing an optic-flow pattern typically results in the impression of self-motion 

 Sometimes this is veridical, but sometimes it is illusionary 

 Example: In a stationary car when the car beside you moves 

 When the neighbouring car moves, the visual system assumes the larger object is stationary (the 

moving car) and the smaller one (you) is moving 

Optical flow asymmetries 

 Expanding patterns signal forward motion 

 Contracting patterns signal backward motion 
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 If environmental bias drives sensitivity we would be more sensitive to expanding patterns, since 

we move forwards more often then moving backwards 

 If outcome consequences drives sensitivity (i.e. in balance control, have greater control to stop 

falling forward than backwards), we would be more sensitive to contracting patterns 

 Experimentally, global motion thresholds are lower for contracting patterns than for expanding 

ones, indicating we are more sensitive to backwards motion 

Motion processing and colour 

 The motion processing dorsal pathway is dominated by M cells which are colour-blind, so does 

this mean that motion process is also colour-blind? 

 Isoluminance approach: Remove all luminance information from the stimulus, leaving only 

colour information 

 Problem with the isoluminance approach is that it is not possible to totally remove luminance 

information from the stimuli: 

o L:M ratio varies across the retina 

o Chromatic aberration 

o Local adaptation in R & G sensitivity 

o This luminance cue may signal depth/motion 

 Alternative approach: 

o Images that must be matched have opposite luminance polarity 

o In the achromatic condition, the stimulus only contains mismatched luminance 

information. Here stereo depth and motion are not perceived 

o In the chromatic condition, the stimulus contains matched colour and mismatched 

luminance information. Here stereo depth and motion are perceived 

o Change the luminance polarity of the dot as it moves, while maintaining its colour signal 

o Performance is impaired when luminance polarity is increased in the chromatic 

condition, as eventually the luminance difference overwhelms the colour difference, 

which is what allows us to perform the task 

 Overall result: performance on motion task is mediated by a channel sensitive to both colour 

and luminance 
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Review Questions 

1) What is the projection site of the major sub-cortical pathway?  

2) What are the tuning properties of cells in that area?  

3) What is the likely function of that area?  

4) What are the properties of cells in the magnocellular and parvocellular pathways?  

5) Discuss the concept that these pathways are involved in the processing of different types of 

visual information, e.g. motion verses fine spatial information.  

6) How could impaired functioning in the magnocellular pathway be a cause of dyslexia?  

7) What are the major functions of the ventral and dorsal streams? Provide evidence for your 

answer, citing the results of electrophysiological, lesion, functional mapping (PET and fMRI) and 

clinical studies.  

8) What is the motion after-effect, and what does it tell us about how motion is processed in the 

visual system?  

9) How can you use the motion after-effect to determine whether humans have motion selective 

cells at the retinal or cortical level?  

10) What is the aperture problem, why does it occur and what processing limitation does it impose 

on the information that local-motion units can extract?  

11) How are motion-sensitive cells in area V5/MT arranged and how has this area been linked to the 

processing of motion information?  

12) What is optic-flow information and how is it produced?  

13) What is (the illusion) of induced self-motion and how can it be produced?  

14) How can it be shown that optic-flow information can be used to maintain balance?  

15) Humans could show differential sensitive to radially expanding and contracting optic-flow 

patterns. What are some theoretical reasons for predicting greater sensitivity to either 

expanding or contracting patterns?  

16) How can the relative sensitivity to radially expanding and contracting optic flow patterns be 

determined psychophysically, and to which pattern are humans more sensitive to? 

Clinical neuropsychology implications 

Blindsight and area V1 

 Localised damage to V1 results in localised blind spots called scotoma 

 Person is not aware of them, even if they are very large 

 Blindsight: A crude ability to ‘see’ objects (very poor spatial acuity) but no conscious awareness, 

possibly mediated by cortical projects that don’t pass though V1 

 May also relate to many important feedback projections from higher visual areas to V1 

Types of visual agnosia 

 Visual agnosia is the modality specific inability to visually recognise an object  

 Degree of impairment depends on location of the damage 

 Damage early in the pathway affects the percept of the object  

 Damage later in the pathway just affects object recognition 

 Apperceptive agnosia: Impairment in the formation of the percept 

 Associative agnosia: Impairment in retrieving stored memories 
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Case study HJA 

 Bilateral damage to the occipito-temporal region, profoundly modality impaired on object, face, 

and word recognition, and colour perception 

 Attempts to identify objects characterised by piecemeal descriptions of the forms 

 Her disorder is characterised by inability to group features into whole objects 

 She is better with recognising silhouettes than line drawings, as this is pre-grouped 

 Naming errors always visually related to the target object, never semantically related 

 Initial visual processing (feature extraction) appears to be intact, e.g. can copy detailed drawings 

 The small receptive-field sizes of V1 cells means that this information needs to be pooled to 

form a complete representation of objects 

 

Patient LM 

 A 43 year old female who in 1987 suffered a cortical blood-flow blockage 

 She reported being unable to perceive smooth motion. She said it was like watching a movie and 

only seeing a few of the images with those images persisting 

 Visual identification and recognition of objects and faces was normal 

 Visual localisation of objects was normal 

 Visually guided movement was impaired: writing much easier with eyes closed than open 

 Stereopsis normal, though acuity thresholds slightly elevated 

 Reports viewing motion as highly unpleasant 
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 Normal ability on non-motion visual processing indicates that V1 is functioning; therefore 

motion deficit is likely to be due to damage to cortical area V5 or higher areas 

 Critical-flicker threshold is normal 

 Should be able to extract motion when the motion is 100% coherent , since V1 is functional 

 Should be impaired when motion ‘noise’ is present, i.e. multiple motion vectors, since cannot 

pool and compare local motion at a global level  

 LM can identify the type of activity when shown moving dots of biological motion, but cannot 

identify the direction of movement 

Deficits and Processing Stages 

 One theory to account for the pattern of motion-processing deficits 

o Dorsal stream (includes V5) processes viewer-based motion 

o Concerned with the actual motion of the object relative to the observer & the location 

and orientation of the object 

o Global-motion signals, direction & speed discrimination 

 Ventral stream (includes V4) processes object-based motion 

o Concerned with using motion information to identify what an object is 

o Biological motion & structure-from-motion 

 A different take on the dorsal/ventral streams is the what versus how pathways, i.e. object 

perception (ventral) and motor representation (dorsal) 

 Is there a motion/colour/depth centre in the brain? No. These attributes are processed by the 

combined activity of many stages in a given pathway and represented across many pathways 

 Functional specificity is not always in functions that are intuitively obvious 

 

Review Questions 

1) Patient L.M. has been labelled as motion blind, is it likely that a person could be totally blind to 

motion information while substantially retaining all other visual abilities?  

2) What is the pattern of deficits that patient LM has and what abilities are retained? How does 

this pattern make sense given what we know about how the brain processes visual information?  

3) What is cerebral achromatopsia?  

4) What are the different forms of visual agnosia?  

5) If a person is suffering from apperceptive visual agnosia, what could you do with an object in 

order to make it easier for the person to determine what it is? Why does this work?  

6) Does it make sense to think that a particular visual attribute, like colour or motion, is processed 

in a single cortical area? Why? (Hint: think about it with respect to parallel pathways, 

hierarchical processing stages and the many uses of a particular visual attribute). 


