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The main points

– Apologies

– Experimental design: MEG != fMRI

– Practicalities: the BB is watching you

– Subject preparation

– Data acquisition per se



Triggers

– fMRI: stimuli presented, while scan times 
are logged, OR, stimuli triggered by the 
scan

– MEG/EEG: the opposite



MEG Triggers

– Data are recorded continuously (1kHz 
sampling rate = a snapshot of 306 channels 
every 1 ms)

– Triggers must be presented with you stimuli

– Triggers are recorded with the MEG data

– Response triggers are also fed back to the 
recorder

– Activity is later assessed in relation to the 
pre-recorded triggers



Recording data and triggers
activity of the brain
recorded on outside

Signal amplified and 
recorded digitally

Timing of stimulation/responses 
locked to MEG/EEG signal

S1  S2  S3  S1 S5  S3  S2  S1

Portions of the signal
corresponding to stimuli
of the same type are 
extracted grouped
together and 
(usually)
averaged (10s-100s of 
them are needed)

data processing after (during) the recording

Basic analysis:
•Timing of the signal
•Magnitude of the signal

stimulus 1
stimulus 2

Event-related potentials (ERP)/event-related fields (ERFs)



‘Trigger-free’ MEG

• Spontaneous data

• E.g. record for 2 min with eyes closed, and 
for two minutes with eyes open, look at the 
oscillations in different frequency bands



Exp design

• Think of your stimuli/triggers beforehand 

• Better have over- than under-specified 
stimulation protocol: you can always 
collapse across a few stim types, but the 
opposite is more difficult:

1 1 1 1 1 1 1 1 1 2 1 1 2 1 1 1 1 2 1 1 1

1 1 1 1 1 1 1 1 1 2 3 1 2 1 1 1 1 2 3 1 1



Exp design

• Not limited by TR, etc.
• No noise!
• Flexible SOA, length, etc.
• >50 trials for averaging for ER designs 

(>100 desirable)
• >100 trials for oscillations 
• Overall recording time: <2 hrs (ideally ~1h) 

– the subject has to stay still!



Exp design: conditions

• Layers of subtractions…well… maybe not 
in MEG

• Orthogonal conditions: thinking the 
ANOVA way



Exp design: conditions

• Orthogonal conditions, an example
• 2x2 design:

– words attended -words unattended
– nonwords attended    -nonwords unattended

• Data extracted in numerical form from each 
condition for all individual subject

• ANOVA with two factors: attention X 
lexicality (plus any additional – e.g. activation 
locus) 



Exp design: conditions

• Data extracted in 
numerical form from each 
condition for all individual 
subject

• ANOVA with two factors: 
attention X lexicality (plus 
any additional – e.g. 
activation locus) 

• SPM5 talk by Rik on Jan 
29

• dSPM, etc.



Exp design: stimulus presentation

• Auditory (tubes), visual (projection), 
somatosensory (electric) readily-available

• Software: same stim PC as in the fMRI
scanner (E-Prime etc), anything else 
connectable 

• Button-press responses: two four-digit
button boxes available



Exp preparation: further 
considerations

• Baseline: quiet interval before/after stim
usually desired

• Subject position: supine vs upright

Wanna do fancy source localisation stuff? 

• Get subject with good structural MR images

• Consider recording EEG+MEG



Practical bits

• Get your ethics sorted

• Get your IMC approval

• Follow SOPs

• Obey your MEG operator

• Get the right volunteers



Practical bits

Health and safety issues:

• Liquid Helium

• Working with volunteers



Practical bits

• Liquid Helium: ~-270C

• Evaporation 

• Frost bites

• Asphyxia



Practical bits

Working with volunteers:

• Same basic rules as anywhere, but –

• You will attach things to volunteer skin 
(coils, electrodes)

• Screen, inform 

• Wear gloves, be careful



Practical bits

MEG access:

• Authorised/certified staff

• Only qualified operators can run acquisition

• Other researchers can only be in the MEG 
lab if accompanied by a qualified operator

• Full de-metallisation on entry



Practical bits

Entrance to the shielded room:

• No metal objects: mobile phones, keys, 
coins, belts, etc.

• No shoes

• Subjects to be screened



Data acquisition: subject preparation

• Prepare your forms, coils, electrodes, etc. in 
advance 

• De-metallise yourself and your volunteer

• Leave your phone in your office or turn it 
off

• Brief the subject about the experiment, do 
the consent, etc.



Data acquisition: subject preparation

• EEG electrodes (1-128, cap)

• EOG (2+2)

• Ground

• HPI coils



Data acquisition: preparation

• Empty room measurement

• ‘Unwired’ subject measurement (esp. for 
complex set-ups)



Data acquisition: subject preparation

• HPI coils:

4 HPI coils should be placed to maximize distance 
between them: two on each side of the forehead 
(right below the hairline) and one behind and 
above each ear, ensuring that, once the subject is 
in the machine, all coils will be inside the dewar
and not below it.  The coils require no paste, and 
should be affixed using both double-sided sticky 
rings and tape. 



Data acquisition: subject preparation

• Enter subject details in the database (no 
name, use volunteer ID for name/surname)

• Choose project settings

• Digitise HPI (head position indicator) coils 
and landmarks

• Digitise additional point/electrodes







Digitization

• Have the subject sit in the wooden chair
• Move all objects with large metal components away from the 

chair and polhemus
• Turn on the polhemus
• Position the goggles on the subject’s head, being careful not to 

cover up any electrodes or HPIs.  It is critical that the goggles are 
tight and do not move once digitization has begun. 

• At the top of the screen, hit the “Coordinate frame alignment”
button; you are now ready to begin digitization

• digitize the three cardinal landmarks by pointing to each and 
simultaneously clicking the button on the stylus (electronic pen)

• Check that the two ear points are within a maximum 5 (3?)mm
• Digitise coils
• EEG electrodes, additional points,  head shape



Digitization

•Make sure you know the locations!

•Essential for coregistering with MRI images







Data recording

• Done by qualified operators with researcher 
present all the time

• Recording settings are researcher’s 
responsibility









Data recording

• Record raw/online averaging only

• Set-up stim categories for online averaging 
– Stim types

– Epoch length

– Baseline

– Subaverages

– Artifact rejection



Data recording

• Record raw/online averaging only
• Set-up stim categories for online averaging 
• Sampling rate (1kHz)
• Bandpass
• Channels (EEG, EOG, stim, misc)
• Maxshield
• Continuous HPI recording
• Save settings – you can load them later 

(more than 1 possible)



Data recording: all ready
• De-metallise

• Take the subject in

• Connect EEG, EOG, ground, HPI coils

• Ear pieces/button boxes/video etc (check in 
advance)

• Move the subject up as close to the helmet and 
possible, make sure they are comfortable

• Intercom/camera 

• Lock’em up and start the show!



• Go!

• Instruct the 
subject to stay still

• Measure HPI 

• Select Average 
and/or Recard
Raw

• cHPI





The end

• Monitor channels

• Monitor rejections

• Monitor averages

• Monitor subject

• Give them breaks, talk to them

• Stop – save averages 

AND raw data

• Repeat for each block 

(15-20 min)





Next week

Lecture 7:
From signals to event-related fields and 

dipoles: an introduction using Elekta-
Neuromag software

15.1.2007



THE END


