
Biological Psychology – EXAM 

Week 1, Lecture 1: Transcranial Magnetic Stimulation (TMS) 

1) What is TMS? An overview on how it works & what it can be used for 

2) Using TMS for Biological Psychology research  

a. The injection of “neural noise” approach using single pulse TMS (Amassian et al., 

1989; Amassian et al., 1993) 

b. The “virtual lesion” approach using repetitive TMS.  

c. The “probing excitability” approach using single-pulse TMS (Eisenegger et al., 2007; 

Bode et al., 2007) 

d. The “probing information transfer” approach using paired-pulse TMS (Fitzgerald et 

al., 2001) 

3) Clinical applications 

 

Transcranial Magnetic Stimulation: a “non-invasive” technique to create virtual cortical “lesions” 

(Lesion = impaired or non-functional brain section) 

- Studies on patients with real lesions have informed cognitive science as the allow studying 

what patients cannot do anymore E.G. Phineas Gage (iron rod piercing, construction worker)  

- TMS = temporary, reversible, and localised lesions (at a far smaller scale) could allow for 

better understanding the function of specific brain regions 

→ H. M’s surgery for epilepsy - removed most parts of his hippocampus, para-hippocampal gyrus 

and amygdala led to severe anterograde amnesia (lived in the present, had no new memories)  

→Broca & Wernicke areas have been linked to impairments of speech production and language 

comprehension (respectfully) 

Problems using patients: 

- Not enough patients with circumscribed lesion to study all cognitive functions.  

- Lesion in single, specialised areas are rare. 

- Recovery & brain plasticity might compensate for lesion over time (patients become 

“special” over time) 

TMS 

o Can be applied externally using a coil placed on the scalp that produces a rapidly changing 

magnetic field to induce electrical currents in the brain. 

o These currents can depolarise neurons in a small, circumscribed area of cortex.  

o TMS-induced current causes neurons to fire randomly, acting as “neural noise”, thereby 

masking the neurons that are firing correctly.  

History of TMS 

o Fritsch & Hitzig (1870) were the first to electrically stimulate the cortex of animals.  

o D’Arsonval (1896) discovered that the magnetic stimulation of the visual cortex can elicit 

“phosphenes” (little light flashes” 

o Magnusson & Stevens (1911) developed the first “head coil” covering the entire head. 
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o Barker, Jalinous & Freestone (1985) developed the current TMS technique, which had he 

great advantage of not being painful.  

• To create the current pulse, which is required to generate the magnetic field, a 

capacitor is charged and then suddenly discharged.  

TMS can be modified –  

• How many pulses do you want, when do you want them and how strong do you want them 

to be? 

• Can create a fast sequence of pulses instead of a single pulse (e.g., rTMS or repetitiveTMS) 

• To create a magnetic field strong enough for simulation, very fast loading times (~100-

200µs) and short discharge durations (<1ms) are required. 

• Different coils have been used but the most common one is the ‘figure -eight’ coil.  

o Figure-eight coil generates magnetic fields generating offset current loops that 

circulate in opposite directions, allowing for high precision in the stimulation.  

o Means a more focal are of the cortex is stimulated as compared to the round coil.  

o Strongest effect in centre with radius 3-4mm 

 

There are different ways that TMS can be used in research: 

1. The injection of “neural noise” approach; using single-pulse TMS to disrupt cognitive 

processing.  

a. If a single TMS pulse to a specific region of the cortex disrupts cognitive function, 

this is a powerful demonstration of its CAUSAL involvement in this process. 

b. Testing for causality is impossible using other neuroimaging techniques, which 

usually rely on correlations. 

c. One way of doing this is to interfere with the process of interest at exactly the time 

window during which the region is required E.G., to delay movements or to disrupt 

visual processing.  

d. Regions do not stop working completely but “neural noise” interferes with normal 

functioning. 

STUDY (neural noise): in this classical study, the researchers used 3 alphabetical letters as stimuli 

presented under difficult viewing conditions using illuminated frames/background. 

- Magnetic stimulation was applied ~ 2xm above the inion over visual cortex. 

- Effects on letter perception were investigated when varying the interval between visual 

stimuli and time point of TMS stimulation. 

- It was found that during a critical period (40-120ms) stimulation affected detection process. 

- When shifting stimulation site from left to right, perception of letters in the contra-lateral 

visual field was predominantly impaired.  

- When moving the TMS stimulation from top to bottom at midline, and letters were 

displayed vertically, stimulation above the reference line suppressed letters at the bottom of 

the display. 

- Stimulating below the centre was not possible (bone in the way)  
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Week 1, Lecture 2: Transcranial Magnetic Stimulation (TMS) 

STUDY (neural noise): in another study, researchers investigated whether a ‘visual mask’ can itself 

be ‘masked’ using single-pulse stimulation, thereby ‘unmasking’ the stimulus.  

- Usually, backwards masks are presented after the stimulus to suppress perception of the 

briefly presented visual stimulus. 

- As TMS can be used to disrupt processing of stimuli, it could potentially also disrupt 

processing of the mask, thereby preventing that the stimulus is suppressed. 

 

2. The “virtual lesion” approach: using repetitive TMS to interrupt or enhance cogn itive 

processing. 

a. It is also possible to inhibit cognitive functions for a longer period by applying 

repetitive TMS. 

b. It can then be measured whether (& for how long) a specific cognitive task is 

impaired (usually slowing instead of total loss of function)  

c. There are strict safety guidelines for rTMS.  

 

3. The “probing excitability” approach using single pulse TMS.  

a. For the motor system, one option is to test how responsive (or “excitable”) the 

motor cortex is during a cognitive task. 

b. The idea is that if the motor cortex is required for a cognitive task, then it should 

already be activated when single-pulse TMS is delivered. 

c. Still inducing “neural noise” but instead of aiming at disrupting cognitive function (& 

then measuring the effect of TMS on performance), the measure of interest is how 

strongly the motor cortex “reacts” to the pulse itself.  

d. The excitability of the primary motor cortex can be measured by recording “motor 

evoked potentials” (MEPs) using the electromyogram (EMG), which is electrical 

activity of muscles. 

 

4. The “probing information transfer” approach using paired pulse TMS.  

a. One can then measure MEPs for each stimulation and compare average MEPs 

between experimental conditions. 

b. Uses 2 pulses, delivered in brief succession – one is usually a sub-threshold (weak 

pulse) while the second one is a supra-threshold (question is how strongly the first 

pulse influences the effect of the second)  

STUDY: is the primary cortex (M1) involved in the mental rotation of objects? 

- Some neuroimaging studies found activation of M1 during mental rotation which is odd as 

nothing is ‘really’ rotated.  

- Maybe M1 is simply involved in inner speech? 

- Stimulation of M1 during mental rotation elicited stronger MEPs as compared to baseline, 

reading aloud, and reading silently.  

- Evidence that M1 is more excitable during mental rotation → might already be activated and 

hence, “involved” in the cognitive process. 
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STUDY: does the involvement of M1 in mental rotation depend on strategy? 

- Some people might imagine using their hands to rotate an object. 

- Other might imagine an external force rotating an object. 

- It has been suggested that some objects can easily be imagined as rotated by hand (e.g., 

tools) while others cannot (e.g., building)  

- However, MEPs were equally high for mental rotation of all different stimuli, so probably 

strategy does not play a role. 

- What the studies cannot say is whether M1 was only more excitable because adjacent and 

interconnected regions were activated.  

STUDY: in schizophrenia, abnormalities in inhibition in the motor cortex have been suggested.  

- There is evidence that the cortical silence period (CSP) – a period of suppression of tonic 

motor activity that follows descending excitatory activity – is reduced. 

- The researchers produced the excitatory activity by a first TMS stimulus to the left motor 

cortex, and measured the excitability by assessing the effect of a second pulse (via MEPs)  

- The results show that, compared to controls, patients with and without medication showed 

stronger responses to the second pulse.  

- This points to general deficits in motor inhibitions.  

 

Clinical Applications of TMS 

o The Royal Australian & New Zealand College of Psychiatrists has endorsed TMS as a 

treatment option for depression. 

o Usually, one hemisphere is stimulated over prefrontal cortex with the idea that depression is 

linked to an imbalance of prefrontal activity between hemispheres. 

o This option is available in Victoria. 

o Typically, this treatment is a last resort when all other treatments have failed. 

o There is mixed evidence for its effectiveness but increasingly accepted as an option which 

has shown positive results for some patients. 

o TMS is also debated as potential treatment for other mental disorders.  

 

Week 2, Lecture 1: Statistical Hypothesis Testing 

1) What are statistical tests? 

2) Single sample, Between-groups & repeated measures experimental designs 

 

- We want to find out how unlikely our empirical result was under the chance distribution (aka 

the null hypothesis 𝐻0) 

- If “very unlikely” we decide to reject the null hypothesis (i.e. the assumption that it was due 

to chance) and start believing that we have found something real 

- But there is always the probability that we are wrong (and this will depend on where we set 

the cut-off – i.e. what we set our alpha level to) 

T-distribution  

• T-statistic takes into account both the expected mean and a measure of the standard error 

of the mean based on the sample 
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