
Cognitive Neuroscience 

Lecture 1: What is Cognitive Neuroscience? 

Introduction 
 Integration of four main disciplines: 

 Neurology: Function and pathology of the nervous system 

 Neuroscience: Mechanisms of the nervous system 

 Cognitive psychology:  How the mind processes information 

 Computer science/Artificial intelligence 

Behavioral Neurology 
 Emphasis on linking brain parts to different tasks e.g., language and the left hemisphere; 

coordination and the basal ganglia 

 Important for clinical evaluation and treatment, such as predicting recovery from language 

problems after a stroke, or prescribing medication for elderly person who shows onset of 

coordination problems 

Neuroscience 
 The scientific study of the nervous system 

 Includes neuroanatomy, neurophysiology, neurochemistry 

Cognitive Psychology 
 Provide detailed analysis of how information is processed when we perform a complex task 

 For example, does reading involve a conversion of visual information to phonological 

representations, or are skilled readers able to directly process the entire word? 

 Cognitive models can be proposed without considering biological issues 

Artificial Intelligence 
 How can computers perform tasks 

 Can we simulate mental behavior from neural-like models 

Lecture 3: Mapping the Brain 

General Features 

 The cortex is a continuous surface covered with Gyri (bumps) and Sulci  (depressions) 

 Convolutions are to increase surface area 

 Grey Matter:  Cell bodies; White Matter:  Myelinated axons 

 The four lobes of the cerebral cortex are mostly defined by particularly prominent sulci 

 The proportionate size of the cerebral cortex increases with higher-developed primates 

Mapping the Cortex 
 This is often done by staining individual neurons with special dyes or radioactive materials 

that highlight certain parts of the neuron, such as axons, dendrites or the cell body 



 Polysynaptic tracing methods (which migrate across synapses) improve possibilities for 

developing projection maps 

 Another method is called cytoarchitectonic maps, which involves determining the density of 

cells in particular regions, often by counting the number of cell bodies 

 Neuronal density can differ substantially in different cortical regions, and often displays a 

layered pattern 

 Brodmann’s Map is a depiction of the different regions in the brain using Nissl staining for 

cell bodies only 

 Behavioral methods of mapping the cortex rely upon correlating behaviours and brain 

activity in particular regions (Examples: retinotopic maps, somatotopic maps, tonotopic 

maps, motor maps) 

 Often this is done by electrical stimulation of the brain, or induced temporary lesions to see 

what happens when part of the cortex is inactivated 

Lecture 5: Imaging the Brain 

Computerized Tomography (CT) 
 X-ray computed tomography (CT) is a medical imaging method employing tomography 

created by computer processing 

 Digital geometry processing is used to generate a 3D image of the inside of an object from a 

large series of two-dimensional X-ray images taken around a single axis of rotation 

Magnetic Resonance Imaging 
 No magnetic field.  Random alignment of paramagnetic hydrogen atoms. 

 Strong homogeneous magnetic field of MR scanner causes alignment of hydrogen atoms. 

 Transient perturbation of magnetic field by radio frequency pulse causes controlled tilt. 

 This is a medical imaging technique used to visualize detailed internal structures. The 

good contrast it provides between the different soft tissues of the body make it especially 

useful in brain, muscles, heart, and cancer 

 Initially, the molecules in the brain are exposed to no magnetic field; hence there is a 

random alignment of paramagnetic hydrogen atoms 

 Next, the strong homogeneous magnetic field of MR scanner causes alignment of hydrogen 

atoms 

 Transient perturbation of this magnetic field by radio frequency pulses causes controlled tilt 

of these aligned atoms 

 The MRI signal is generated by measuring the magnetic field generated as hydrogen atoms 

spin back to aligned state. 

Diffusion Tensor Imaging (DTI) 
 Water in axons flows in restricted direction due to cell membrane. 

 Water outside axons flows in random, unrestricted direction. 

 DTI identifies water flowing in consistent direction (i.e., within axons) by taking successive 

images and tracking movement of water-based signal 

 Application in Basic Research:  Identify direct projection from occipital lobe to frontal lobe 



Primary Causes of Brain Injury 
 Tumors: Neurons do not become cancerous. Tumors originate in glia cells, meninges, or 

metastasize from cancer elsewhere (lung, uterus) 

 Vascular Disorders such as strokes or malformations of circulatory structures 

 Atrophy (cell death) 

 Traumatic Brain Injury (TBI): diffuse damage is not always visible in CT, MRI 

Lecture 6: Studying Brain Injury 

Inferring function from dysfunction 
 This is a common technique whereby cognitive tasks are carried out by neurologically 

impaired people to see how behavior is disrupted when a particular part or system of the 

brain is damaged 

 Double dissociation, which occurs when each of two groups exhibits selective deficit on two 

different tasks, is particularly useful 

 Limitations: 

 Double dissociations are exception, not rule 

 Lesions are messy, finding patients with the “right” lesions (the correct area) can be difficult 

 Brain function might change during recovery 

Transcranial  Magnetic Stimulation 
 Once recognized that neural communication is result of electrical activity, experimenters 

sought to manipulate that activity 

 Transcranial  Electrical Stimulation (TES) was used to do this in the 1920s, but it was painful 

and had adverse side-effects such as occasional skin burns 

 TMS is a more modern method for non-invasive stimulation of cerebral cortex 

 It works by triggering an electrical current flow through a metal coil held near the head 

 This acts like a solenoid to generate a magnetic field over the cortex 

 This magnetic field in turn causes massive firing of neurons in the underlying cortex, thereby 

stifling normal function of this region 

 Minimal side effects: Not painful or harmful to tissue (external or internal), only occasional 

headaches (1-2%) 

Lecture 7: Functional Imaging 

Positron Emission Tomography 
 This imaging technique involves injecting a radioactive trace and then measuring the 

particles generated during radioactive decay 

Functional Magnetic Resonance Imaging 
 Functional Magnetic Resonance Imaging (fMRI) is a type of specialized MRI scan. It measures 

the hemodynamic response (change in blood flow) related to neural activity in the brain or 

spinal cord of humans 

 Oxygenated and deoxygenated blood have different magnetic properties 



 Increase in neural activity leads to increase in blood flow to that tissue 

 Thus, levels of BOLD (Blood-oxygen-level dependence) can be measured during different 

activities, hence allowing us to determine which brain regions are important for which 

activities 

Lecture 8: Building Blocks of Perception 

Visual Cortex 

 The primary visual cortex is anatomically equivalent to Brodmann area 17 

 There is a visual cortex for each hemisphere of the brain 

 The left hemisphere visual cortex receives signals from the right visual field and the right 

visual cortex from the left visual field 

 There is evidence for a substantial degree of neuroplasticity, as TMS in blind persons 

disrupts Braille reading, and fMRI scans show substantial activity in the visual cortices of 

blind patients compared to very little activity in sighted controls 

Visual Pathways 
 Each visual cortex transmits information to two primary pathways, called the dorsal stream 

and the ventral stream: 

 The dorsal stream, sometimes called the "Where Pathway" or "How Pathway", is associated 

with motion, representation of object locations, and control of the eyes and arms, especially 

when visual information is used to guide reaching 

 The ventral stream, sometimes called the "What Pathway", is associated with form 

recognition and object representation. It is also associated with storage of long-term 

memory 

 PET scans and other techniques have also demonstrated that different regions of the brain 

specialise in processing different types of visual stimuli, such as motion versus colours 

Akinetopsia 
 Akinetopsia is a rare neuropsychological disorder in which a patient cannot perceive motion 

in their visual field, despite being able to see stationary objects without issue 

 Akinetopsia is an acquired deficit from lesions in the posterior side of the visual cortex. The 

neurons of the middle temporal cortex respond to moving stimuli and hence the middle 

temporal cortex is the motion-processing area of the cerebral cortex 

 Akinetopsia can be selectively and temporarily induced using transcranial magnetic 

stimulation (TMS) of area V5 in healthy subjects 

 One patient, LM, described pouring a cup of tea or coffee difficult "because the fluid 

appeared to be frozen, like a glacier". She did not know when to stop pouring, because she 

could not perceive the movement of the fluid rising 

 Movement is inferred by comparing the change in position of an object or person. LM and 

others have described crossing the street and driving cars to also be of great difficulty 

Achromatopsia  
 Achromatopsia is impaired color perception due to cortical damage 

 It is distinct from peripheral color blindness due to the absence of certain photoreceptors 



 Some achromats cannot see color, only black, white, and shades of grey 

 British patient who found food to have lost it’s taste because everything looked grey. 

 Sach’s case of the color-blind painter: similar turn-off to a grey world, even his wife! Gradual 

transition to black/white aesthetic 

Lecture 9: Object Recognition 

Specializations in Visual Areas 

 The conditions of achromatopsia and akinetopsia indicate specialization within visual 

processing regions, though they do not tell us specifically the nature of these specializations 

 One hypothesis is that different brain regions are not so much specialized according to 

‘colour’ or ‘texture’, but according to broader questions like ‘object recognition’, ‘motion’, 

‘location’, and so on 

 Thus, different regions support different types of computations – colour is important for 

object identity, but not so much for location 

 A slightly different way of thinking about it is division of function between recognition of 

objects and interacting with objects 

Seeing without a Ventral Stream 
 There is evidence to support this ‘recognitin/action’ dichotomy 

 A 30-year old man who had bilateral meningoencephalitis at age 3 affecting ventral stream 

bilaterally 

 Impairments:  Severe “what” deficit (functionally blind) 

 He had achromatopsia, was unable to read, recognize people or objects, discern simple 

texture boundaries, and was educated at school for visually impaired 

 Spared: Despite these problems, he was able to use visual information for action (“how”) 

 He could walk unaided, play ping pong, juggle, and even drove a motorcycle (though 

classified as “blind”) 

 Similar studies have been done with patients with similar brain lesions who are not able to 

orient their hand in the same way as a mail-type slot, but when asked to mail a letter in the 

same slot, they can do so without difficulty 

 This shows that behavior/action can be quite cleanly distinguished or separated from 

conscious awareness, as patients reported being unable to see the orientation of the slot 

despite being about to ‘use’ it 

 Perhaps the conscious awareness is a more recent evolutionary development 

Optic ataxia 
 This is an impairment of visually guided reaching despite normal object recognition 

 That is, patients can easily recognize objects and even describe their relative locations, but 

when asked to take hold of them will grasp around in the general direction, but be unable to 

locate the objects 

Visual Agnosia  
 Visual agnosia is a condition in which patients are able to perform the tasks associated with 

an object, but cannot recognize or name the object when presented with a picture of it 



 It is distinct from blindness, which is a lack of sensory input to the brain due to damage to 

the eye, optic nerve, or primary visual systems in the brain 

 The specific symptoms can vary depending on the cause of the agnosia. Some sufferers are 

unable to copy drawings but are able to manipulate objects with good dexterity 

 Commonly, patients can describe objects in their visual field in great detail, including such 

aspects as color, texture and shape, but are unable to recognize them 

 After they are handed the object and are able to use it, however, they say that they now 

perceive the original image as being what it actually is 

 Similarly, patients can often describe (or even draw in detail) familiar objects from memory 

despite their visual problems 

 There is evidence, however, that visual memories fade with time after the incident 

Lecture 10: Category Specific Perception 

Apperceptive Agnosia  
 This is the visual disorder that renders a person unable to recognize objects 

 Distinction between shapes is difficult, although other aspects of vision, such as ability to see 

detail and colour, remain intact 

 Recognition of, copying and discriminating between visual stimuli, even of different shapes, 

is problematic 

 A variant of apperceptive agnosia is the inability to recognize objects outside of their normal 

rotation or orientation 

Associative Agnosia  
 People with associative agnosia fail in assigning meaning to an object, animal or building that 

they can see clearly 

 It is a failure to access semantic knowledge concerning the identity of objects 

 The clinical "definition" of the disorder is when an affected person is able to copy/draw 

things that they cannot recognize 

 Some patients show category specific deficits; for example, Patient JBR shows 

disproportionate impairment in recognizing living things 

 This has led to the Multiple Access Hypothesis, according to which representation of living 

things is primarily visual, while representation of non-living things is visual and functional 

 This would imply multiple routes to access knowledge, such that functional/sensorimotor 

regions can support object recognition even if visual access system is noisy due to lesion 

 Brain imaging studies have provided support for this hypothesis 

Face Recognition 

 Prosopagnosia (sometimes known as face blindness) is a disorder of face perception where 

the ability to recognize faces is impaired, while the ability to recognize other objects may be 

relatively intact 

 One particularly interesting feature of prosopagnosia is that it suggests both a conscious 

and unconscious aspect to face recognition 



 Experiments have shown that when presented with a mixture of familiar and unfamiliar 

faces, people with prosopagnosia may be unable to successfully identify the people in the 

pictures, or even make a simple familiarity judgement 

 However, when a measure of emotional response is taken (typically skin conductance), there 

tends to be an emotional response to familiar people even though no conscious recognition 

takes place - this suggests emotion plays a significant role in face recognition 

 One hypothesis is that face recognition is simply a difficult discrimination, requiring fine 

within-category discrimination, whereas objects are usually between-category 

discrimination  

 There is evidence, however, that Prosopagnosics can do difficult within category recognition 

within other non-face categories (the example of the sheep farmer) 

 This indicates that perhaps there is a specific region of the brain responsible for recognising 

faces 

Fusiform Face Area 
 The fusiform face area (FFA) is a part of the human visual system which might be specialized 

for facial recognition 

 Recent imaging studies have shown that the region is selectively activated in response to 

faces, and not other objects or places 

 The same pattern of activity (although at a weaker level) is also observed when imagining 

faces 

Lecture 11: Motor Pathways and Disorders 

Motor Pathways 

 Some degree of motion can occur without any involvement of the brain 

 For example, humans with spine damage placed upon treadmills and given appropriate 

support are actually able to walk 

 This is possible because all the necessary muscle stimulation comes from the spinal cord 

 Even within the brain, much of the control occurs in subcortical regions like the basal ganglia 

and the cerebellum 

 Skeletal muscular control begins with neuronal bodies in the motor cortex, which have very 

long axons that extend all the way down to the spinal cord 

 Humans are unusual in having such precise control over their fingers, though it can be noted 

that the forth finger is very hard to move by itself – this was not evolutionarily advantageous 

enough to evolve 

Disorders of the Motor System 
 Hemiplegia:  Paralysis of contralateral limb(s 

 Hemiparesis:  Weakness, impaired control of contralateral limb 

Apraxia 
 This unusual condition involves the loss of ability to generate coordinated actions that is not 

due to loss of muscle control (i.e. they can still move fingers and limbs) 

 Problems in making coordinated gestures e.g., whistling, saluting, blowing out match 



 This disorder seems to be caused by damage to associative and subsidiary areas of 

integration of motor commands 

 Ideomotor Apraxia: Difficulty in carrying out commands, producing coherent actions, esp. 

with complex sequential actions 

 Ideational Apraxia: Loss of knowledge about actions and how they are used to manipulate 

objects 

The Left Hemisphere 
 Interestingly, as movements become more complex, the role of the left hemisphere 

becomes more apparent 

 This can be observed in both task experiments and brain imaging 

 Specifically, all people have much more activation in the left hemisphere than would be 

expected given which hand they are using for a complex task (but not simple tasks like 

taping a single finger) 

 This may have something to do with the symbolic representation of more complicated 

actions (e.g. tool use) in the language region of the brain 

Lecture 12: Cortical Representation of Action 
 Studies with monkeys have shown that different cells in the motor cortex exhibit greater 

action with motion in particular directions 

 Initial studies, however, could not distinguish between whether these differences were the 

result of different muscle movements or actual location in external space 

 By getting monkeys to complete the same directional motion using differing types of hand 

grips (and hence different muscle movements), we have been able to determine that some 

neurons seem to fire when moving particular muscles, while others respond to motion in 

particular directions 

 Other cells fire depending upon whether the motion is towards or away from the body 

 Other imaging and TMS studies have similarly shown that some regions of the brain are 

more concerned with the end goal of action, while other regions are concerned with the 

particular muscle movements 

Motion Processing 
 Parietal: Use spatial information to develop action goal. 

 Premotor: Translate goal into sequential movement path. 

 Motor: Translate movement path into motor commands. 

 Spinal: Activate muscles 

 These advances have led to the idea that we could interface that brain directly to a 

prosthetic device 

 Brain-Machine Interface (BMI) Systems would need to decode neural signals to control 

prosthetic limbs 

Population Vector 
 Describes representation across many neurons 

 Movement of animal is function of summed activity over all of the cells 



 This concept is necessary in order to develop effective BMI systems, as we cannot possibly 

construct the system on a cell-by-cell basis 

 Because different cells have differing preferred directions of motion, we can actually use 

implanted microelectrodes to detect firing that occurs a fraction of a second before motion 

begins, and hence detect the direction of motion before it even occurs 

 Early studies on BMI interfaces with rats moving a lever and monkeys moving a cursor on a 

screen have demonstrated the principle that actions can be carried out purely by reading the 

population vectors of a relatively small number of neurons (using implanted electrodes) 

 The most recent research has been able to produce 3-d Movements using BMI methods in 

which monkeys are able to operate robotic devices to reach and grasp for food 

Lecture 13: The Selection of Actions 

BMI Research and Applications in Humans 

 Currently, training BMI systems isn’t possible for humans with hemiplegia or quadriplegia, as 

we cannot get an initial calibration of the device using actual limb movements before the 

device is installed 

 One potential method to overcome this is by using biofeedback methods 

 Applying this method, EEG signals have been used to control 2-d cursor 

 The basic idea is to use EEG to measure different types of brain frequencies (firing of the 

neurons), and then have the patient modulate these frequencies in order to achieve desired 

cursor motion 

 Though non-invasive, these techniques are crude and require a good deal of training 

 Different people adopt very idiosyncratic strategies for doing this, which seem to vary from 

one session to the next 

 More invasive techniques similar to those used in the monkeys have enabled quadriplegics 

to control mouse cursor movements over a screen 

The Basal Ganglia 
 The basal ganglia (or basal nuclei) are a group of nuclei of varied origin in the brains of 

vertebrates that act as a cohesive functional unit 

 They are situated at the base of the forebrain and strongly connected with the cerebral 

cortex, thalamus and other brain areas 

 The basal ganglia are associated with a variety of functions, including voluntary motor 

control, procedural learning relating to routine behaviors or "habits," eye movements, and 

cognitive, emotional functions 

 Currently popular theories implicate the basal ganglia primarily in action selection, that is, 

the decision of which of several possible behaviors to execute at a given time 

 Experimental studies show that the basal ganglia exerts an inhibitory influence on a number 

of motor systems, and that a release of this inhibition permits a motor system to activate 

 It is thought that this ‘selection’ is determined purely by which potential path of action is 

most activated (in terms of signals coming from the cortex) 



Parkinson’s Disease 
 Parkinson's disease is a degenerative disorder of the central nervous system that 

impairs motor skills, cognitive processes, and other functions. 

 The symptoms of Parkinson's disease result from the greatly reduced activity of dopamine-

secreting neural cells due to cell death a particular region of the basal ganglia 

 This in turn impairs the ability of the basal ganglia to activate cortex motor activity in 

response to the correct stimuli 

 A treatment for Parkinson’s introduced in the 1950s was artificial supplementation of 

dopamine 

 It was effective in restoring motion, but over time it has been found that patients tended to 

develop movement disorders, possibly related to over- or mis-stimulation of the motor 

cortex 

Lecture 14: Secrets of the Sleeping Brain 

Stages of Sleep 
 Over the course of the night, we cycle on about a 90 minute period between REM and NREM 

sleep 

 However, as sleep continues for longer, the REM sleep sections tend to get longer, and 

descent into deep NREM sleep tends to get less frequent 

Formation of Memories 
 The first act of forming a memory is called encoding 

 In order for the memory to be reasonably long lasting, however, it must be consolidated; 

otherwise it is likely to be forgotten or overwritten 

 Another important thing to happen to memories is for them to be integrated together 

 All of these aspects of memory could be impacted by sleep 

Sleep After Learning 

 In one interesting study of learning motor skills (typing out numbers), it was found that 

subjects improved substantially following a full night of sleep, but not after an equivalent 

amount of time awake 

 Interestingly, the amount of improvement was not dependent upon whether the sleep came 

straight after the initial training or some time later 

 The hypothesis, which is supported by fMRI studies, is that during sleep memories are 

reorganized in more efficient storage locations 

 Another similar study found that integration of memories was greatly improved following 

sleep, especially for less obvious logical connections between remembered items 

 Interestingly, in this study sleep did not seem to make any difference for the simple 

recollection of the items themselves (though this was very high for all groups, so may just 

have been very easy) 

Sleep Before Learning 
 In one study subjects were deprived of a night of sleep, participated in a memory encoding 

task, then allowed to recover for a full two nights before being given a test on the material 



 It was found that subjects in the control group with no sleep deprivation scored 40% higher 

than those who had been sleep deprived 

 Most interestingly, the difference was greatest for memories with positive emotional 

content, which were remembered significantly worse by the sleep deprived group than 

negative emotional memories 

 This actually had the effect of biasing the memories of sleep-deprived subjects towards 

remembering more of the negative items than the positive ones, an effect that was the 

reverse of the situation with the control group 

 It seems that the hippocampus, which is crucial for long-term memory formation, becomes 

‘full’ over the course of the day, and must be ‘emptied’ over the course of a night sleep 

before more memories can be encoded 

Naps and Self Reports 
 Longish naps (around 90 minutes) have also been shown to be highly beneficial in assisting 

memory consolidation 

 Perhaps one of the most disturbing things is that self-reports of one’s condition following 

prolonged sleep deprivation are not accurate indicators of actual mental function 

Lecture 15: Memory and Memory Disorders 

Questions for the Study of Memory 
 1. Where is memory stored? Can we selectively eliminate memories? 

 Studies in rats have shown that lesions in virtually any part of the brain (aside from the 

motor cortex of course) still do not prevent rats from remembering learned mazes 

 2. Relationship of learning and memory. 

 How are memories created? 

 How are memories retrieved? 

 3.  Constraints on learning and memory. 

 Failures of encoding or retrieval 

 Functional benefits to memory limitations? 

Solomon Shereshevsky 
 Shereshevskii was able to memorize complex mathematical formulas, huge matrices and 

even poems in foreign languages and did so in a matter of minutes 

 Despite his astounding memory performance, Shereshevskii scored average in intelligence 

tests 

 However, his condition often produced unnecessary and distracting images or feelings 

 He had trouble memorizing information whose intended meaning differed from its literal 

one, as well as trouble recognizing faces, which he saw as "very changeable" 

 He also occasionally had problems reading, because the written words evoked distracting 

sensations 

 Memories from previous times would also prove distracting to him. He tried writing them 

down in an effort to aid forgetting, but to no avail 



The Cost of Memory 
 One interesting study in rats showed that complete food and water deprivation led to death 

substantially more quickly in rats who were shocked at the same time as having a smell 

presented (compared to those rats who were only shocked) 

 This seems to indicate that memory formation requires a significant amount of energy, 

perhaps owing to protein synthesis 

Alzheimer’s Disease 
 Some patients with Alzheimer’s disease are able to perform fairly well on short-term 

memory tasks, but then are unable to respond to simple questions like how old they are, or 

who is the current president 

 It is very clear from post-mortem analysis of Alzheimer’s patient brains that extensive death 

of neurons in the cerebral cortex is one of the major causes of the disease 

 New imaging techniques (PET scans and radioactive tracers) have enabled us to determine 

plaques and tangles are sometimes directly associated with reduction in metabolism in 

those regions of the brain, but this does not occur in all regions (eg the frontal lobe) 

Lecture 16: Taxonomic and Computational Perspectives of Memory 

Features of HM’s Amnesia 
 No significant change in language abilities, personality, general cognitive status; high IQ 

(118) after surgery 

 Spared retrograde amnesia – he could recall incidents from distant and recent past 

 However, he did suffer severe anterograde amnesia 

 For example, he needed new introductions to researchers even after 50 years, and could be 

fed two breakfasts per day one after the other without realizing it 

Lessons from HM 
 Dissociation of short and long-term retention – HM was able to remember a three-digit 

number for 15 minutes, but only keeping the short-term memory constantly active 

 Dissociation between memory formation and retention. 

 Learning without awareness: studies with HM and similar patients showed that they could 

acquire motor and other practical skills at about the same speed as everyone else, even 

though they would not remember doing the training 

A Taxonomy of Memory 
 Declarative (explicit): includes both semantic (facts) and episodic (events) 

 Nondeclarative (implicit): includes non-conscious items such as habits, skills, priming, and 

classical conditioning 

 Of course, most actual memories include elements from many of these categories 

The Consolidation Theory 
 This theory posits that the medial temporal lobe and in particular the hippocampus, is part 

of network for developing associations between representations in different cortical areas 



 For example, the Hyppocampus might link the smell and sight representations that occur in 

a given experience (and so are activated at the same time) 

 This accounts for the dissociation of retro- and anterograde amnesia 

 Because it is involved in memory consolidation, the hippocampus is actually not necessary 

for memory retrieval once memories are already formed 

 This model also predicts which kinds of memory should be spared following MTL lesions 

 Specifically, these would be changes that occur within a single cortical region, and hence do 

not require integration by the hyppocampus 

 Motor skills, for example, involve mostly associations of successive motor commands within 

primary and/or secondary motor areas 

 This model would also predict that lesioned patients would demonstrate deficits in 

particular tasks that are implicit, but still involve integration across multiple sensory modes 

or storage regions – this is been demonstrated in a number of experiments 

Lecture 17: Language Pathways 

Aphasia 
 Aphasia is a disruption of core language functions as a result of injury to the brain 

 It is very common following strokes, or at least strokes to the left hemisphere 

 The deficit must be apparent in all modalities, so a patient who can’t speak but can write, 

may not be aphasic 

Broca’s Aphasia 
 Halting, telegraphic, agrammatic speech with reliance on content words and a paucity of 

function words 

 Impaired comprehension for complex grammatical structures 

 Repetition of sentences reflects agrammatic style 

 Almost always accompanied by dysarthria and/or apraxia of speech 

 Reading and writing also impaired 

 People with this disorder, however, seemed to be perfectly capable of understanding speech 

and carrying out requests 

Wernicke’s Aphasia 
 Fluent language production, though riddled with paraphasic errors 

 Patients exhibit severe comprehension disorder, with moderate to severe repetition deficits 

and naming difficulty 

 Reading and writing also impaired 

 Language comprehension is also severely impaired, though some degree of very basic 

understanding may remain 

 This impairment of language also translates into an impairment of thought – the jumble that 

we hear is probably exactly what they are thinking 

Lateralization of Language 
 Language is mostly lateralized in the left hemisphere of the brain 



 This is even observed in those people who have been dumb since birth; if they have strokes 

in the left hemisphere they exhibit aphasias in the production and comprehension of signs 

 Recent PET imaging scans have shown that chimpanzee vocalization is also lateralised to the 

left sides of their brains 

 Most people who experience aphasia recover over time, and fMRI scans of their brains have 

shown that at first the right hemisphere seems to develop some language competency to aid 

the left hemisphere, but further recovery is associated with full recovery of the left 

hemisphere and reduction in activation of the right 

Transcortical Motor Aphasia 
 People with TMA generally have good comprehension since Wernicke's area is usually not 

affected 

 People with TMA experience non-fluent (halting and effortful) speech due to frontal lobe 

damage and their utterances are typically only one or two words long 

 People with TMA retain the ability to repeat words, phrases or sentences 

Lecture 18: Language 

Anomic Aphasia 
 Anomic aphasia (anomia) is a type of aphasia characterized by problems recalling words or 

names. Subjects often use circumlocutions (speaking in a roundabout way) in order to 

express a certain word for which they cannot remember the name 

 Sometimes the subject can recall the name when given clues. Sufferers are often frustrated 

when they know that they know the name, but cannot produce it 

 However, the person is able to speak with correct grammar, but the main problem is finding 

appropriate words to identify or describe an object or person 

 Reading and writing generally good 

 The inability to access the names of objects is independent of medium – it occurs in 

conversation, when seeing the object, etc 

Conduction Aphasia 
 Conduction aphasia is a relatively rare form of aphasia characterized by intact auditory 

comprehension, fluent speech production, but poor speech repetition 

 Spontaneous speech production will be fluent and generally grammatically and syntactically 

correct. Intonation and articulation will also be preserved 

 However, speech will often contain paraphasic errors: phonemes and syllables will be 

dropped or transposed (e.g., "snowball" → "snowall", "television" → "vellitision", "ninety-

five percent" → "ninety-twenty percent") 

 The hallmark deficit of this disorder, however, is in repetition. Patients will show a marked 

inability to repeat words or sentences when prompted by an examiner. When prompted to 

repeat words, patients will be unable to do so, and produce many paraphasic errors. For 

example, when prompted with "bagger", a patient may respond with, "gabber". 

 Internal reading and comprehension, however, are unaffected 

 This condition is generally caused by a small localised stroke to Wernicke’s area 



Problems with Traditional Model 
 Recent patient experiences and imaging studies have cast doubt on the strong connection 

between Brocca’s area and the corresponding aphasia, and the same for Wernicke’s area 

 The correspondence between lesions in these locations and particular deficits just does not 

seem to be as strong as one would except 

 This traditional model also didn’t really tell us very much about the actual processing that 

occurs in language production and comprehension 

Lecture 19: Neural Basis of Language 

Sites of Phonology and Orthography 
 fMRI and other similar studies have recently shown that listening and reading language 

produce some differential and some overlapping patterns of activation in the cortex 

 One are of significant overlap is Wernicke’s area 

 Activation is stronger and much more bilateral for audition than it is for reading, which is 

very strongly lateralized to the left hemisphere 

Acquired Dyslexia 
 fMRI studies of reading words in left or right visual field produced mostly lateralized brain 

activity patterns (as would be excepted), except for one region which always seemed to be 

active, and so was called the Visual Word Form Area 

 One epilepsy patient who had this region of tissue removed experienced a substantial 

decline in reading ability, particularly with longer words 

 He seemingly lost the ability to read entire words, and instead reverted to letter-by-letter 

reading 

Cross-Linguistic Studies of Reading 
 Because of linguistic differences we do observe cultural differences in learning to read 

 English has a very complex mapping of orthography to phonology: 1120 letter/letter 

combinations to 40 sounds 

 As such, learning to read is hard: Developmental dyslexia rates are high 

 In Italian, there is a much simpler mapping:  33 letters to 25 sounds 

 All children learn to read in about 6 months; dyslexia (developmental) rate is half that of 

English  

 fMRI studies on English and Italian reading subjects have found that English speakers show 

increased activation in VWF area reflecting greater reliance on orthography (as English 

phonology is unreliable) 

 Conversely, Italian subjects show increased activation in secondary auditory reflecting 

greater reliance on phonology 

Laterality 
 Split-brain studies indicate limited lexical access for the right hemisphere 

 It is also possible to verbally instruct callosotomy patients on tasks restricted to left visual 

field or responses to make with left hand 



 This would not be possible if the right hemisphere had no language comprehension abilitites 

at all 

 This distributed storing of semantic knowledge is consistent with other imaging and lesion 

studies which show that knowledge of different types of things (persons, animals and 

objects) is concentrated in specific regions of the brain 

 Thus it seems that the left hemisphere is mostly related to speech production itself; 

semantics, intonation and other aspects seem to be at least partly bilateral 

Lecture 20: Disorders of Attention 

Arousal of Attention 
 Conscious attention is associated with activity initiating in the brainstem nuclei such as locus 

ceruleus 

 MRI studies have found that brain activity in response to a certain stimuli begins in the 

region of the brain associated with detecting that stimulus, and then (if the subject is awake) 

spreads to frontal and parietal regions of the cortex 

 During sleep, the initial stimulus (e.g. touch) still causes the initial brain activation, but with 

no subsequent spreading of activity 

Medical Conditions 
 Minimally conscious state: Fluctuations in alertness, sleep-wake cycle, intermittent 

movement, response to simple commands (“open eyes”); possibility of recovery 

 Vegetative state: Relatively rare movement (eyes open, track moving objects), minimal 

response to noxious stimuli; thought to be no chance of recovery 

 They may exhibit some behaviors that can be construed as arising from partial 

consciousness, such as grinding their teeth, swallowing, smiling, shedding tears, grunting, 

moaning, or screaming without any apparent external stimulus 

 his condition differs from a coma: a coma is a state that lacks both awareness and 

wakefulness. Patients in a vegetative state may have awoken from a coma, but still have not 

regained awareness, and hence lack any cognitive functions 

 After four weeks in a Vegetative State (VS), the patient is classified as in a Persistent 

Vegetative State. This diagnosis is classified as a Permanent Vegetative State (PVS) after 

approximately 1 year of being in a Persistent Vegetative State 

 It can be very difficult to distinguish between a minimally conscious state, vegetative state, 

or ‘locked-in’ syndrome 

Deep Brain Stimulation 
 Deep brain stimulation (DBS) is a reatment involving the implantation of a medical device 

called a brain pacemaker, which sends electrical impulses to specific parts of the brain 

 DBS in select brain regions has provided remarkable therapeutic benefits for otherwise 

treatment-resistant movement and affective disorders such as chronic pain, Parkinson's 

disease, tremor and dystonia 

 Despite the long history of DBS, its underlying principles and mechanisms are still not clear. 

DBS directly changes brain activity in a controlled manner, its effects are reversible (unlike 

those of lesioning techniques) 



 The Food and Drug Administration (FDA) approved DBS as a treatment for essential 

tremor in 1997, for Parkinson's disease in 2002, and dystonia in 2003 

 DBS is also routinely used to treat chronic pain and has been used to treat various affective 

disorders, including major depression 

Alien Hand Syndrome  

 Alien hand syndrome is a neurological disorder in which one of the hands of people who 

have it appear to take on a mind of its own 

 Alien hand syndrome is best documented in cases where a person has had the 

two hemispheres of their brain surgically separated, a procedure sometimes used to relieve 

the symptoms of extreme cases of epilepsy. It also occurs in some cases after other brain 

surgery, strokes, or infections 

 It is theorized that alien hand syndrome results when disconnection occurs between 

different parts of the brain that are engaged in different aspects of the control of bodily 

movement 

 As a result, different regions of the brain are able to command bodily movements, but 

cannot generate a conscious feeling of self-control over these movements 

 As a result, the "sense of agency" that is normally associated with voluntary movement is 

impaired or lost 

 There is a dissociation between the process associated with the actual execution of the 

physical movements of the limb and the process that produces an internal sense of 

voluntary control over the movements 

Hemispatial Neglect 

 This is a neuropsychological condition in which, after damage to one hemisphere of the 

brain, a deficit in attention to and awareness of one side of space is observed. 

 In an extreme case, a patient with neglect might fail to eat the food on the left half of their 

plate, even though they complain of being hungry 

 If someone with neglect is asked to draw a clock, their drawing might show only the 

numbers 12 and 1 to 6, the other side being distorted or left blank 

Balint’s Syndrome 
 In this condition, patients are unable to observe multiple objects very well, or locate these 

items in space within their visual field 

 They will be able to see both shape and colour and even identify the objects, but will be 

unable to say which object is which colour 

 It seems that the conscious percept of a coherent object with a given shape and colour is not 

being properly generated 

Lecture 21: Mechanisms of Selective Attention 

Spatial Conceptions of Information 

 Which number is larger? 13 or 18? What about 21 or 24? 

 People are faster in making first judgment compared to second 

http://en.wikipedia.org/wiki/Sense_of_agency


 The theory to explain this is that our abstract concept of a ‘number line’ is spatial, and the 

slower recognition of the second pair reflects difficulty to discriminate positions close in 

space 

 Another experiment asked which number is halfway between 12 and 16?, and then higher 

pairs like 21 and 29? (answers had to be given very quickly) 

 Healthy controls estimated correctly on average, but right-sided neglect patients showed an 

increasing bias towards the higher number in the pair as the difference between numbers 

grew larger 

 This indicates that number lines are conceptually treated much like real objects 

Neural Correlates of Attention 
 fMRI studies have shown that attending to certain stimuli increases the activation of those 

brain regions that normally process  that kind of sensory information (e.g. motion or colour) 

 In addition, there appear to be two separate regions of the cortex that are responsible for 

attentional control 

 The first is the IPS and Frontal Eye Field, which seems to be responsible for controlling goal-

directed behaviour, in large part by inhibiting unhelpful eye movements 

 The second is comprised of the TPJ and VFC regions, which together seem to be responsible 

for stimulus-driven bottom up control over attention 

 Patients who exhibit neglect generally have brain damage in the second region but not the 

first, so they can respond to directions to attend to something but will not do so in response 

to stimuli from that source itself 

Role of the Right Hemisphere 
 Right hemisphere lesions seem to produce much greater deficits in attention than those in 

the left hemisphere 

 It is thought that this greater role of the right hemisphere in attention is related to the role 

of this hemisphere in representing space (including abstract space such as number space) 

 This is also supported by brain imaging studies that show more activity in the right 

hemisphere during periods of heightened arousal or attention 

 Indeed, it seems that the right hemisphere has a bilateral representation of spatial 

attention, whereas the left hemisphere only directs to the right side (contralateral) 

Lecture 22: Consciousness 

Attention versus Consciousness 

 Attention disorders provide interesting insights into the nature of consciousness 

 Specifically, patients actions indicate that things they can perceive fail to achieve 

consciousness 

 This raises the question of what does it mean to “perceive”? 

 Even more fundamentally, fundamentally why do we have consciousness? 



Unconscious Awareness 
 In one study with patients showing a right-side neglect, the patients insisted that two images 

were exactly the same (the right side of one image was different, so they weren’t conscious 

of it) 

 However, when asked which of the houses they would prefer to live in, they consistently 

chose one house over the other 

 In another study, neglecting patients showed priming effects after having been presented 

with an image in the side of the visual field they were neglecting, even though they were not 

consciously aware of having been presented with it 

 These studies indicate that information can be processed by the brain and effect behaviour 

without any conscious awareness of the information 

 This again raises the question of why we need consciousness at all 

Neural Correlates of Consciousness 
 Studies in monkeys have indicated that certain cells in the prefrontal cortex are associated 

with conscious awareness of stimuli 

 Specifically, activity of cells in the somatosensory cortex is directly associated with whether 

or not the external stimulus was present 

 Conversely, the cells in the frontal cortex were active when the animals indicated that they 

perceived a stimulus to be present, regardless of whether the stimuli was present or not 

 Electrical stimulation of this frontal region in the animals increased the likelihood of 

reporting the detection of stimulus regardless of how strong the actual stimulus was 

 A related study in humans found that stimulation of a region in the parietal lobe could 

generate the conscious perception within subject that they had the desire to, or indeed 

actually had carried out, movement of some part of their body, even though no movement 

was observed 

 When stimulating the motor cortex, the situation was reversed; movement could be 

produced without the subject being aware of it 

The Paradox of Consciousness 
 What is consciousness for? 

 1. Facilitate flexibility: Consciousness supports action or response selection in situations 

where there are multiple response alternatives 

 Other animals have very complex behaviours, but they are also generally very rigid; if we 

mimic even very basic natural environments, we can elicit these behaviours artificially 

 Humans are more dynamic and adaptable than this, and it is possible that consciousness is 

responsible for this 

 2. Meta-cognition: Consciousness is the interpretation of one’s own behavior/perception to 

produce a narrative so as to ensure coherence to a sense of self 

 3. Sharing cognition:  Consciousness is part of our socialization, necessary for sharing 

cognitive states with other people 

 This raises the question of the relationship of consciousness to language? Are they the same 

thing? There does seem to be a very close relationship between the two 

 For instance, animals and very young children do not have language, and nor can we be sure 

they have consciousness – certainly they cannot report it 



Lecture 23: Goal-Oriented Behavior 

Working Memory  
 This refers to the ability to represent information that is not immediately present 

 It is the temporary representation of task-relevant information 

 Long-term knowledge is essentially limitless, while working memory refers to the limited 

portion of this knowledge this is currently available; “The blackboard of the mind” 

 Working memory is essential for planning and goal-oriented behavior 

Executive Control Processes 
 Mental operations that manipulate the contents of working memory 

 Planning: Establishing sequence of subtasks  to accomplish a goal 

 Task management: Switching between the subtasks 

 Attention and selection: Updating working memory as subtasks change 

 Monitoring:  Ensure goals are being achieved and corrections made when errors occur. 

Prefrontal Cortex 
 The prefrontal cortex (PFC) is the anterior part of the frontal lobes of the brain, lying in front 

of the motor and premotor areas 

 This brain region has been implicated in planning complex cognitive behaviors, personality 

expression, decision making and moderating correct social behavior 

 Its size has expanded greatly in recent evolutionary history, especially in the great apes 

 Humans have a disproportionally large amount of white matter in the prefrontal cortex, 

indicating that their greater capabilities may derive mostly from increased connectivity 

Lesions of Prefrontal Cortex 

 Lesions of this region in a monkey seemed to undermine its ability to carry out goal-oriented 

behavior for objectives or objects that are not immediately present 

 For example, the monkey would not open a door handle in order to obtain food that was 

behind it, even though they clearly saw the handle and even grasped it, but would not turn 

 However, unilateral prefrontal lesions in humans (e.g. caused by strokes) do not seem to 

produce much of any noticeable defect – intelligence and behavior remain basically the 

same 

 Coach potato syndrome 

Lecture 24: Cognitive Control 

Working Memory and the Prefrontal Cortex 
 Cells in the prefrontal cortex seem to be able to maintain activity in anticipation of a future 

response even for a minute or more after the specific cue is removed 

 This seems to be consistent with the role of this brain region in providing ‘working memory’, 

or the space where long term memories are accessed and represented while they are being 

discussed or pondered for use in some goal-directed activity 

 PFC can sustain representation of information that is not present or supported by 

environment (tell friend about trip to San Francisco) 



 Neuroimaging studies have actually shown that patients with lesions in the prefrontal region 

have more activity in response to irrelevant auditory stimuli 

 This indicates that the prefrontal cortex plays a role in inhibiting activation in response to 

stimuli not relevant to the current objective; this would explain the working memory 

problems and hence executive control problems of these patients 

 Other studies have also shown that the PFC can both amplify and inhibit the information 

coming from either relevant or irrelevant sensory modalities or types of inputs 

 Studies with older patients have shown that amplification control can be normal while 

inhibitory control is absent, thus indicating that the two processes have distinct and 

separate mechanisms 

Role of the Medial Frontal Cortex 
 Aside from mere representation of current goals in working memory, cognitive control also 

requires mental operations that support  flexible behavior, such as Planning, Task 

management, Attention and selection, etc 

 A large number of imaging studies have now shown that the medial frontal cortex region 

seems to be highly active in all sorts of complex cognitive tasks, thus perhaps indicating that 

it is fulfilling this role 

 Originally it was thought that this region was responsible for monitoring for error detection, 

but more recent studies have shown that this area is active even when errors are not being 

made 

 Rather, it seems like a better explanation is that the medial frontal cortex is responsible for 

monitoring for possible instances of conflict, when multiple responses are possible 

 Increased cognitive monitoring is then necessary in such situations 

A Model for Cognitive Control 
 Lateral PFC: Maintain current rule or goal; working memory of information not in immediate 

environment 

 Basal Ganglia: Implement change in goals when activation reaches threshold (the dam 

analogy of choosing between competing tasks) 

 Medial Frontal: Monitor (via sensitivity to conflict), and bolsters rule/goal representation 

when conflict is present 

 This model is supported by imaging studies which show that more difficult tasks are 

associated with more activity in the medial frontal cortex, but about the same activity in the 

lateral PFC 

 Further, high present activity in the medial frontal cortex is predictive of high future activity 

in the lateral PFC 

 This allows us to sketch a model of cognitive control via “dumb” mechanisms that do not 

really have to understand the content of the behaviors they are representing 

Lecture 25: Social Mediation of Behaviour 

Phineas Gage 
 Phineas P. Gage (July 9?, 1823 – May 21, 1860)[n 2] was an American railroad construction 

foreman now remembered for his improbable survival of an accident in which a large iron 

http://en.wikipedia.org/wiki/Phineas_Gage#cite_note-birthandname-1


rod was driven completely through his head, destroying much of his brain's left frontal lobe, 

and for that injury's reported effects on his personality and behavior—effects so profound 

that friends saw him as "no longer Gage." 

 It was not until 1868 that Harlow gave particulars of the mental changes found today in 

most presentations of the case. In memorable language, he now described the pre-accident 

Gage as having been hard-working, responsible, and "a great favorite" with the men in his 

charge, his employers having regarded him as "the most efficient and capable foreman in 

their employ." 

 But these same employers, after Gage's accident, "considered the change in his mind so 

marked that they could not give him his place again" 

 “The equilibrium or balance, so to speak, between his intellectual faculties and animal 

propensities, seems to have been destroyed. He is fitful, irreverent, indulging at times in the 

grossest profanity (which was not previously his custom), manifesting but little deference 

for his fellows, impatient of restraint or advice when it conflicts with his desires, at times 

pertinaciously obstinate, yet capricious and vacillating, devising many plans of future 

operations, which are no sooner arranged than they are abandoned in turn for others 

appearing more feasible. Previous to his injury, although untrained in the schools, he 

possessed a well-balanced mind, and was looked upon by those who knew him as a shrewd, 

smart businessman, very energetic and persistent in executing all his plans of operation. In 

this regard his mind was radically changed, so decidedly that his friends and acquaintances 

said he was no longer Gage.” 

 Of the handful of available primary sources, Harlow's 1868 presentation of the case is by far 

the most informative, and despite certain errors in dating there seems no reason to doubt 

its general reliability 

 There is no question Gage displayed some kind of change in behavior after his accident, but 

books and articles usually describe these changes in terms well beyond anything given by 

Harlow 

 Psychologist Malcolm Macmillan surveyed scores of accounts of the case (both scientific and 

popular), finding that they are varying and inconsistent, typically poorly supported by the 

evidence, and often in direct contradiction to it 

 Accounts commonly ascribe to Gage drunkenness, braggadocio, "a vainglorious tendency to 

show off his wound," an "utter lack of foresight," inability or refusal to hold a job —even 

"sexually molesting small children," according to curricular materials at one medical 

school—none of these mentioned by Harlow nor by anyone else claiming actual knowledge 

of Gage's life 

 Macmillan also points out that in a passage mistakenly interpreted as implying Gage could 

not hold a job after his accident; "he continued to work in various places, could not do 

much, changing often, and always finding something that did not suit him in every place he 

tried”, is referring not to Gage's post-accident life in general, but only to the months 

between the onset of his convulsions and his death 

 Other modern patients with brain damage in similar regions have exhibited a similar loss of 

emotional and social control 

Somatic Marker Hypothesis 
 Somatic sensations are Bodily feelings; they can be pleasant or unpleasant 

http://en.wikipedia.org/wiki/Frontal_lobe


 Memories are tagged with particular somatic markers, which can then effect our future 

decisions and choices 

 Activation of a goal involves retrieval of somatic markers associated with previous actions 

related to that goal; enhance or inhibit certain types of representations and resulting actions 

 It seems that damage in particular brain regions (notably the Ventromedial PFC) is 

associated with the loss of this emotional reaction to activation of certain memories and 

goals, and hence impairs decision making 


