
12th Lecture – 16/04/15 
 

 Kanwisher et al (1997) fMRI study. A classic fMRI study. It is very well 
known and has been cited over 2000 times. IT was the first study to 
demonstrate there is a special part of the brain for processing faces, 
which demonstrates that not all objects are processed in the same way. 
Two conditions were shown: A with faces, and B with pictures of objects. 
Kanwisher found areas in the brain responded more strongly to faces 
than objects. 

 She found that an area of the fusiform gyrus responded more strongly to 
faces than to objects. The area is now known as the fusiform face area. 

 You can view brain areas by sagittal, axial or coronal views. When activity 
is found within an inside fold of the brain, it is difficult to visualise. 

 The study was met with scepticism, so Kanwisher replicated the study 
within a single subject and across subjects. She then used different 
control stimuli to further validate the study’s findings. Regardless of 
which control stimuli she used, the fusiform face area always responded 
most strongly to faces. This is an example of a thorough fMRI study. 

 fMRI has been criticised a lot. One voxel at a time is considered and a t 
test is performed to compare condition A to condition B. The more t tests 
performed, the greater the probability of a false positive, a type 1 error 
where you incorrectly reject the null hypothesis. If you perform two 
independent t tests at the 1% level, you now have a 2% chance of making 
an error. This is known as the ‘multiple comparisons problem’. 

 Per experiment, there will be about 50 000 voxels, so you will be 
performing 50 000 t tests. You would expect then to find 500 positive 
tests. One way to avoid this problem is to perform a Bonferroni 
Correction. You perform each t test at the 0.01/n level. E.g., if you perform 
2 t tests, you would perform a t test each time at the 0.005 levels to add 
up to 0.01. To perform 50 000 tests, perform each at the 0.01/50 000 
level, so that overall there is only a 1% chance. The problem is the earlier 
fMRI studies didn’t correct for multiple comparisons or didn’t do so 
adequately. For example, Culham (1998) didn’t correct for false positives. 

 Non-independent sampling- in order to avoid multiple comparisons 
problem, many studies specify a region of interest (ROI). By averaging all 
the voxels within the ROI, they do just one t test per subject. Therefore, 
they don’t have to perform the Bonferroni correction so are more likely to 
find a statistically significant finding. You make a large voxel. Selection 
and testing must use different data sets. However, many studies use the 
same scanning session to select the ROIs and also to test them. This is 
known as the non-independent sampling confound. 

 Random noise will make each condition slightly different, even if two 
readings are meant to be identical. We compare the BOLD fMRI in two 
conditions, and they should be identical. However, by random chance 
there will be different readings and activity in the voxels between 
Condition A and Condition B. If you selected the voxels where the activity 
was greater in Condition A than Condition B and then conducted a t test, 
nothing is found because that is how they were selected. In a real study, 
this non-independence problem can be harder to spot. 



 Biased sample selection- Example- Grill-Spector, associated with 
Kanwisher, challenged Kanwisher’s view of the fusiform face area and 
suggested the FFA is used for processing more than faces. She presented 
the subject with pictures of faces, animals, cars, and sculpture. She split 
voxels into those that responded more to faces, animals, cars and 
sculptures than to any of the other three categories. Within each ROI, she 
then compared the BOLD fMRI activity generated when she presented 
each of the four category types compared to when she presented random 
noise. Therefore, her method was circular: selecting the voxels wasn’t 
independent of the method used to test the voxels.  

 Grill-Spector claimed that different regions of the FFA were highly 
sensitive to these objects, but the reasoning was invalid. The sample was 
biased due to the selection of data. Kanwisher replicated the experiment 
and found regions of interest outside of the brain that responded 
maximally to the different categories. 

 Use one scanning session to find the regions of interest. You then run a 
second scanning session to test these regions of interest. These tests are 
independent. Kanwisher found that the ROIs were chosen randomly, and 
responded most strongly to faces. In a recent survey of 55 fMRI studies, it 
was found half of them made this error. 

 Over interpretation of null results- Most voxels don’t show significant 
differences between the two conditions. However, this may be because 
the statistical tests weren’t sensitive enough to detect the difference. The 
failure to prove that a given brain area is involved in a particular task 
doesn’t mean that the brain area doesn’t have this particular task. 
Essentially, your research findings aren’t absolute, and may be incorrect 
or correct. 

 
16th lecture – 30/04/15 

 
 There are a variety of sleep disorders. Primary disorders include 

dyssomnia and parasomnia; sleep disorders related to another mental 
disorder, sleep disorder due to a general medical condition, and 
substance-induced sleep disorders. 

 Narcolepsy has four classic features: excessive daytime sleepiness, 
cataplexy (loss of skeletal muscle tone due to strong positive or negative 
emotions), hypnagogic hallucinations, and sleep paralysis. Prevalence is 
0.02-0.05%. 

 Dogs with narcolepsy have a deficiency in a receptor. Cataplexy is the 
REM sleep atonia occurring in wakefulness. Sleep paralysis is the 
continuation of REM sleep atonia despite the person waking up. 
Hallucinations are the intrusion of dreams, despite the person waking up. 
REM appears at sleep onset for someone with narcolepsy. 

 Orexin is involved in controlling sleep-wake, and NREM-REM sleep 
transitions. Orexin signaling is altered in narcolepsy; it often develops in 
the teens/20s following an illness or vaccination, indicating an 
autoimmune component. 

 Diagnosis is abnormal immune function such as HLA subtyping, PSG 
(short sleep onset latency, short REM latency, increased wakefulness in 



sleep) and multiple sleep latency test (rapid sleep onset, REM onset). 
Treatment is planned naps, CNS stimulants (modafinil), and sodium 
oxybate. For cataplexy, antidepressants are used (clomipramine, 
fluoxetine), and sodium oxybate. Sodium oxybate improves sleep and 
‘knocks out’ the patient quickly. 

 Sleep apnea is a disorder where staying asleep is difficult. It is the 
cessation of airflow. Hypopnea is reduction in airflow, so you don’t intake 
enough oxygen. Central sleep apnea is an absence of ventilator effort. 
Obstructive sleep apnea is ventilator effort and closure of upper airway. It 
can occur in men with heart failure, but also idiopathically. Prevalence is 
from 10-20%. It is higher in males and older individuals. 

 Anatomy of the upper airway. People with sleep apnea have small, 
narrow throats and upper airways, but can breathe fine in wakefulness. 
However, muscle tone is lost in sleep apnea. When asleep, breaths don’t 
occur. As the urge to breathe increases, the person wakes up and then 
muscle tone returns.  

 Symptoms include chronic loud snoring, gasping and choking episodes 
during sleep, excessive daytime sleepiness, and cognitive difficulties. 
Signs include obesity, especially around the neck, systemic hypertension, 
and nasopharyngeal narrowing. 

 The consequences include repeated arousals, disruption of normal sleep 
architecture, cardiac consequences, depression/irritability, excessive 
sleepiness, sexual dysfunction, and learning/memory difficulties. 
Treatment for sleep apnea includes behavioural treatment such as weight 
loss (including exercise), avoidance of alcohol/sedatives before bedtime, 
and avoidance of supine sleeping position. Treatment also includes nasal 
Continuous Positive Airway Pressure- non-invasive, short-term efficacy, 
and patient compliance variable, which is mostly quite poor. Pressure is 
formed and breathing is returned to normal. Other treatment includes 
oral devices on the mandible, oxygen, or surgery, which is invasive and 
not uniformly effective and risk. Surgery is only about 50% successful. 

 Parasomnias are unpleasant/undesirable behaviour or experiential 
phenomena that occurs during a sleep period. NREM parasomnias 
(arousal disorders) are on a spectrum, from bruxism/confusional 
arousals, sleep talking, sleep walking/sex/eating, and sleep terrors. 

 General features of arousal disorders: occur in association with an arousal 
from Short Wave Sleep, have mental confusion and disorientation, 
relative non-reactivity to external stimuli, poor response to effort to 
provoke behavioural wakefulness, retrograde amnesia of the event, and 
have only fragmentary or no recall of dream mentation. 

 They are common in childhood. Triggers can be fever, sleep deprivation, 
alcohol, and other sleep disorders. Sleepwalking can be either calm or 
agitated, and prevalence is 1-17% in children and 4% in adults. Sleep 
terrors include screaming, panic, fear, and motor activity.  

 There is a treatment for arousal disorders. For children, they are 
considered a natural part of sleep. In most instances they shouldn’t be 
treated. In adults, reassurances and avoidance of triggers are adequate in 
most cases. Tricyclic antidepressants and benzodiazepines can be 
effective. 



 Delayed sleep phase syndrome is seen in children of all ages, but is a 
prominent feature of adolescence. There is a difficulty falling asleep at 
expected bedtimes, late, consistent time of sleep onset, difficult to awaken 
at desired time; normal sleep on delayed schedule. 

 
17th lecture – 05/05/15 

 
 Acetylcholine is a major neurotransmitter of the CNS and PNS. 

Acetylcholine is made from choline (derived from the breakdown of 
lipids), and acetate (sometimes called acetic acids. 

 In the PNS, ACh is the primary neurotransmitter that acts at the 
neuromuscular junction. It transmits the signal from the motor neuron 
and causes muscle to contract, controlling muscular movement. 

 Botulinium toxin is the most acute toxin known. It prevents the release of 
ACh, so will cause paralysis. Venom from the black widow spider triggers 
the release of ACh, causing extreme activities of muscles. A balance of ACh 
is required for normal function. 

 Botox is a very dilute solution of botulinium toxin injected directly into 
muscles. It causes muscle weakening for 3-6 months. It can be used 
cosmetically to relax facial muscles, reducing wrinkles. It can treat 
spasticity (muscle tightening) in cerebral palsy (non-specific brain 
damage). 

 ACh has multiple hubs in the brain. These include the pons, basal 
forebrain, and medial septum. The pons plays a role in REM sleep, the 
medial septum modulates hippocampal function, including the formation 
of memory, and activates the cortex in the basal forebrain, facilitating 
learning, perception, and attention. 

 There are two ACh receptors: ionotropic (ion channel) and metabotropic 
(G-protein coupled) receptors. The ionotropic receptor is stimulated by 
nicotine, so is called the nicotinic receptor. In the PNS, muscle fibres must 
be able to contract rapidly so they contain rapid, ionotropic nicotinic 
receptors. The metabotropic receptor is stimulated by muscarine (found 
in the poison of the muscaria mushroom). 

 It is believed that a reduction in ACh innervation is responsible for the 
cognitive decline observed in Alzheimer’s patients. In AD, there is a 
massive loss of brain white matter and specific reduction in ACh 
receptors in the basal forebrain, which projects to the cortex and 
hippocampus. It plays a major role in cognitive functions such as attention 
and memory. Receptors and acetyltransferase are affected in AD. 

 Drugs blocking the muscarinic receptor cause memory loss for period 
under the drug effects (blocks memory consolidation). The effect of ACh is 
very complex, separating the encoding and retrieval of memories. It flows 
for no interference between memories and for the separation of 
memories into clear segments that can be retrieved later. 

 Involuntary (bottom-up) and voluntary (top-down) attention. An 
experiment used Aricept by blocking the breakdown of ACh, staying in the 
synapse for longer. The experiment design was placebo controlled, within 
subject/crossover design, counter-balanced, and double blind. Testing 
occurred 3 hours after the drug was consumed when there were peak 



plasma levels of drug. Each session was broken by two weeks to ensure 
drug had completely left the body. The ACh was selectively acting on 
internal, endogenous things. 

 ACh found to reduce spatial spread of excitation in a range of cortical 
areas, which makes the neural coding more sensitive/accurate/selective. 
The signal is more accurate and boosts the target response relative to 
other orientations. There is improved discrimination of signal to noise; it 
is easier for neurons to identify/select target, and thus hopefully reduce 
the effects of dementia. 

 Neuroethics- medicines treat disease and cognitive enhancers improve 
healthy function.  

 ACh has two main receptor types: nicotinic and muscarinic. ACh in the 
peripherary controls muscle contraction. ACh in the brain is important for 
learning/memory and attention/perception. ACh function is impaired in 
Alzheimer’s. Drugs that improve memory and attention in Alzheimer’s 
also improve memory and attention in healthy people. 

 


