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Magneto·encephalo·graphy
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Magneto·encephalo·graphy
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Magneto·encephalo·graphy

Writing out the magnetic fields of the brain
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Goals for today
1) (What is MEG?) You are to be able to recognize 

MEG signals

2) (How to analyse MEG) You are to be able to find 
relevant resources for group level analysis, so you 
can get started yourself

3) (How to decide about MEG) You are to know 
about statistical tools for answering questions 
about MEG
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What is MEG?
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What is MEG?
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What is MEG?
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What is MEG?



What is its origin?
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What is MEG?



What is its origin? (video)
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Some history
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What is MEG?

Credit: Matti Hämäläinen



Some history
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How to analyse MEG?

2016 – what existed?
● Single subject tutorials
● Recommendations paper
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How  to analyse MEG?



Recommendations paper
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How to analyse MEG?



Some history
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How to analyse MEG?

2016 – what was missing?
● Group level tutorials
● Open data on which to apply 

them
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How to analyse MEG?
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How to analyse MEG?
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How to analyse MEG?



07/11/18Lau M. Andersen 34

How to analyse MEG?

MEG-BIDS

Niso et al. 2018, Scientific data
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How to analyse MEG?

DATA REPOSITORIES

DONDERS
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How to analyse MEG?

DATA
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How to analyse MEG?

CODE
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How to analyse MEG?

PARADIGM

Andersen 2018, Frontiers in Neuroscience
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How to analyse MEG?

QUESTION

Do Stimulations give rise to more 
activity than Non-Stimulations in the 
primary somatosensory cortex?
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How to analyse MEG?
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How to analyse MEG?

SUBJECTS
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How to analyse MEG?

4 GUIDING PRINCIPLES 
FOR A PIPELINE
1. Should divide output files into folders belonging to the respective subjects and 
recordings

2. Should apply operations across a group of subjects

3. Should make it possible to (re)start the analysis at any intermediate point by saving 
output for each intermediate point

4. Should allow for plotting the results in a way that allows for changing the figures in a 
principled, but flexible manner
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How to analyse MEG?

TWO PIPELINES
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How to analyse MEG?

MNE-PYTHON
PIPELINE

Andersen 2018, Frontiers in Neuroscience



07/11/18Lau M. Andersen 45

How to analyse MEG?

OPERATIONS

Andersen 2018, Frontiers in Neuroscience
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How to analyse MEG?

OPERATIONS
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How to analyse MEG?

OPERATIONS �  FILTERING
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How to analyse MEG?

OPERATIONS �  EPOCHING
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How to analyse MEG?

OPERATIONS �  ICA

PHYSIOLOGICAL NOISE, EYE BLINKS AND HEART BEATS
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How to analyse MEG?

OPERATIONS �  EVOKEDS

THESE ARE THE ONES WE WANT TO SOURCE RECONSTRUCT
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How to analyse MEG?

OPERATIONS

Andersen 2018, Frontiers in Neuroscience
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How to analyse MEG?

OPERATIONS �  
MAKE SOURCE SPACE

THE POSITIONS OF THE SOURCES
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How to analyse MEG?

OPERATIONS �  CO-
REGISTER MEG AND MRI

CONSTRUCT A HEAD MODEL BASED ON THE MRI
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How to analyse MEG?

OPERATIONS �  CO-
REGISTER MEG AND MRI

PLOT IN FIDUCIAL POINTS

1)  NASION
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OPERATIONS �  CO-
REGISTER MEG AND MRI
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1)  NASION
2)  LPA
3)  RPA
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How to analyse MEG?

OPERATIONS �  CO-
REGISTER MEG AND MRI

PLOT IN EXTRA HEAD POINTS

1)  NASION
2)  LPA
3)  RPA
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How to analyse MEG?

OPERATIONS �  CO-
REGISTER MEG AND MRI

MINIMIZE DISTANCE BETWEEN HEAD POINTS AND HEAD MODEL

1)  NASION
2)  LPA
3)  RPA
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How to analyse MEG?

OPERATIONS �  
FORWARD MODEL

THE LINK BETWEEN SOURCES AND CHANNELS
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How to analyse MEG?

OPERATIONS �  SOURCE 
RECONSTRUCTION
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How to analyse MEG?

OPERATIONS �  SOURCE 
RECONSTRUCTION
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How to analyse MEG?

OPERATIONS �  MORPH TO 
TEMPLATE

n1

n2

...

n
20

fsaverage template from the 
FreeSurfer suite, but many other 
anatomies exist
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How to analyse MEG?

OPERATIONS �  MORPH TO 
TEMPLATE

INDIVIDUAL�S ANATOMY FSAVERAGE TEMPLATE
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How to analyse MEG?

OPERATIONS �  GRAND 
AVERAGE

FSAVERAGE TEMPLATE
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How to analyse MEG?

OPERATIONS �  GRAND 
AVERAGE VIDEOS
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How to analyse MEG?

OPERATIONS �  STATISTICS
Do Stimulations give rise to more 
activity than Non-Stimulations in the 
primary somatosensory cortex?

How do we decide?
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How to analyse MEG?

How do we decide?
We�ll postpone this question 
until we have gone through the 
next analysis pipeline
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How to analyse MEG?

FIELDTRIP
PIPELINE

Andersen 2018, Frontiers in Neuroscience

Arguments for the function loop_through_subjects, which 
structures input and output of all operations done on single 
subjects.
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How to analyse MEG?

SAME PARADIGM

Andersen 2018, Frontiers in Neuroscience
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How to analyse MEG?

BETA REBOUND
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How to analyse MEG?

OSCILLATIONS

First EEG recorded:
Upper row: EEG
Lower row: 10 Hz (alpha) rhythm

Berger 1929
Archives für Psychiatrie
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How to analyse MEG?

OSCILLATIONS

First EEG recorded:
Upper row: EEG
Lower row: 10 Hz (alpha) rhythm

Berger 1929
Archives für Psychiatrie

Subject closed his eyes
Subject opened his eyes
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How to analyse MEG?

OPERATIONS �  
TIMELOCKEDS (EVOKED)
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How to analyse MEG?

OPERATIONS �  
TIMELOCKEDS (EVOKED)
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How to analyse MEG?

OPERATIONS �  
TIMELOCKEDS (EVOKED)

WE SEE NO OSCILLATIONS



EPOCHS AND EVOKED
(JITTERED 60 MS)
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What is MEG?
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What is MEG?
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IN-PHASE OR OUT-OF-PHASE
WITH NOISE

More realistic
Real Mean = 1.0

IN PHASE OUT OF PHASE
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How to analyse MEG?

BETA REBOUND �  TIME-FREQUENCY 
REPRESENTATION (TFR)
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How to analyse MEG?

BETA REBOUND
BLUE 
AREAS

RED 
AREAS

GREEN 
AREAS

THESE CAN BE CREATED FOR 
ALL FREQUENCY BANDS
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How to analyse MEG?

OPERATIONS �  TFR
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How to analyse MEG?

OPERATIONS �  TFR
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How to analyse MEG?

NEW QUESTION

Where does the beta rebound localize 
to?



07/11/18Lau M. Andersen 100

How to analyse MEG?

OPERATIONS �  CO-
REGISTRATION

Andersen 2018, Frontiers in Neuroscience
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How to analyse MEG?

OPERATIONS �  LEADFIELD 
(FORWARD MODEL) 
WARPED TO TEMPLATE

Andersen 2018, Frontiers in Neuroscience
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How to analyse MEG?

OPERATIONS �  SIGNAL TO 
SOURCE RECONSTRUCT



07/11/18Lau M. Andersen 103

How to analyse MEG?

OPERATIONS �  SIGNAL TO 
SOURCE RECONSTRUCT
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How to analyse MEG?

OPERATIONS �  LEADFIELD 
AND SPATIAL FILTER
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How to analyse MEG?

OPERATIONS �  
BEAMFORMER



  

Statistics

What is 
this?



  

Statistics



  

Statistics

z= X̄−P
SE

SE= σ

√n

X̄ : samplemean
P : populationmean
SE : standard error
σ : standard deviation
n :number of observations
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Statistics

z= X̄−P
SE

SE= σ

√n

X̄ : samplemean
P : populationmean
SE : standard error
σ : standard deviation
n :number of observations

If we are testing the 
null hypothesis, 
then what is z?

P=0

z=
X̄
SE



  

Statistics

What do we call the 
probability of observing 
a z-value or a z-value 
that is more extreme?
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Statistics

What do we call the 
probability of observing 
a z-value or a z-value 
that is more extreme?

p

If z = -1.45, what is p 
then?

The area of the blue 
curve, p = 0.0735



  

Statistics

Crucial assumption when you are 
performing a z-test is that the 
population variance is known. 
When this is not known a t-test is 
more appropriate

We normally do not know the 
population variance



  

Statistics – t-distribution

p = 0.192 p = 0.0735



  

Statistics – t-distribution

p = 0.0888 p = 0.0735



  

Statistics – t-distribution

p = 0.0797 p = 0.0735



  

Statistics – t-distribution

p = 0.0767 p = 0.0735



  

Statistics – t-distribution

p = 0.0751 p = 0.0735



  

Statistics – t-distribution

p = 0.0737 p = 0.0735



  

● What does the t-
distribution converge 
to when df goes to 
infinity?

Two questions

● How are the t-value 
and the z-value 
related when doing 
null hypothesis 
testing?
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● What does the t-
distribution converge 
to when df goes to 
infinity?

The z-distribution

Two questions

● How are the t-value 
and the z-value 
related when doing 
null hypothesis 
testing?

t=z=
X̄
SE

Thus, t-values are independent of 
df. It is the p-value associated with 
the t-value that is dependent on df



  

α

α signifies the cut-off point for p-values, which is used to 
decide whether to reject the null hypothesis and accept the 
alternative hypothesis, or whether to conclude that the null 
hypothesis could not be rejected

α also signifies the risk of making a Type-I error, i.e. the error 
of accepting a false positive, i.e. rejecting the null hypothesis 
when it is actually true, every time a test is made

α is canonically set at 0.05 for reasons unbeknownst to man



  

Statistics – t-distribution

The t-test works fine for 
many things, for 
example testing the 
quality of beer batches 
(Guinness), which it is 
what is was originally 
developed for



  

Evoked example

Maris & Oostenveld, 2007



  

Evoked example

Maris & Oostenveld, 2007

α also signifies the risk of making a Type-I error, i.e. the 
error of accepting a false positive, i.e. rejecting the null 
hypothesis when it is actually true, every time a test is 
made
This leads to the Multiple Comparisons Problem



  

Evoked example

Maris & Oostenveld, 2007αBONF=
α

n tests



  

Evoked example

Maris & Oostenveld, 2007αBONF=
α

n tests
Goes well enough with one 
sensor



  

What about when we have 306 
MEG channels and 128 

electrodes each sampled 1000 
times per second?



  

What about when we have 306 
MEG channels and 128 

electrodes each sampled 1000 
times per second?

That amounts to 434,000 possible tests per second

Uncorrected testing will lead to way too many false 
positives

Bonferroni-corrected test will lead to no true positives



  

Statistics – t-distribution

Can anyone name an assumption of the t-test that 
makes it less than optimal for MEEG data?



  

Statistics – t-distribution

Can anyone name an assumption of the t-test that 
makes it less feasible for MEEG data?

It requires that tested samples are independent 
from one another, which MEEG samples are 

evidently not. (MEEG data show strong spatio-
temporal correlations)



  

Permutation tests

They don’t have strong assumptions about the underlying 
structure of the data



  



  

1) Create a design matrix indicating how data are organized and what 
conditions should be compared against one another

2) Do a t-tests on all samples of interest

3) Find the T-values for each cluster of t-values passing the analytic 
significance test

4) Permute the condition labels (between 1000-10000 times) using a 
random mechanism and find the T-values for each of the permutations.

5) Find the distribution of permutation-based T-values

6) Compare the T-value based on the design matrix with the permutation 
distribution and use the p-value together with a pre-set alpha to decide 
whether or not to reject the null hypothesis

Overview of logic



  

Design matrix

Unit variable Independent variable

1 1

2 1

... ...

19 1

20 1

1 2

2 2

... ...

19 2

20 2

cfg = [];
cfg.latency = [1.500 1.500];
cfg.frequency = [1 100];
cfg.parameter = 'powspctrm';
cfg.method = 'analytic'; %% do a mass-univariate 
test
cfg.alpha = 0.05; %% critical value around ± 2.09
cfg.statistic = 'depsamplesT'; % use a dependent 
samples t-test
cfg.design(1, :) = [1:n_subjects 1:n_subjects];
cfg.design(2, :) = [ones(1, n_subjects) 2 * ones(1, 
n_subjects)];
cfg.uvar = 1; % first row of cfg.design, containing 
the (u)nits (subjects)
cfg.ivar = 2; % second row of cfg.design, the 
(i)ndependent events (3&15)
stat = ft_freqstatistics(cfg, dataset_1, dataset_2);

Dependent variable is the frequency data



  

Design matrix

Unit variable Independent variable

1 1

2 1

... ...

19 1

20 1

1 2

2 2

... ...

19 2

20 2

Dependent variable is the frequency data

First Stimulation

Repeated Stimulation



  

Difference map



  

Difference-map – single channel



  

t-value-map – masked



  

Cluster analysis
cfg = [];
cfg.latency = [1.500 1.500];
cfg.frequency = [1 100];
cfg.parameter = 'powspctrm';
cfg.method = 'montecarlo'; %% do a permutation test
cfg.alpha = 0.05; %% critical value around ± 2.09
cfg.statistic = 'depsamplesT'; % use a dependent 
samples t-test
cfg.design(1, :) = [1:n_subjects 1:n_subjects];
cfg.design(2, :) = [ones(1, n_subjects) 2 * ones(1, 
n_subjects)];
cfg.uvar = 1; % first row of cfg.design, containing 
the (u)nits (subjects)
cfg.ivar = 2; % second row of cfg.design, the 
(i)ndependent events

cfg.correctm = 'cluster'; % correct with cluster 
method
cfg.clusteralpha = 0.025; % alpha for clusters
cfg.clusterstatistic = 'maxsum'; % way to calculate 
T
cfg.clustertail = 0;
cfg.neighbours = neighbours; % a neighbour 
structure, see ft_prepare_neighbours
cfg.numrandomization = 2000; % n randomizations

stat = ft_freqstatistics(cfg, dataset_1, dataset_2);

Unit variable Independent variable

1 1

2 1

... ...

19 1

20 1

1 2

2 2

... ...

19 2

20 2

Dependent variable is the frequency data



  

(Log)-T-values

Now we have some T-values. But we do not have a 
distribution to compare it against, like the normal distribution 
or a t-distribution



  

Cluster analysis – permutation 1
cfg = [];
cfg.latency = [1.500 1.500];
cfg.frequency = [1 100];
cfg.parameter = 'powspctrm';
cfg.method = 'montecarlo'; %% do a permutation test
cfg.alpha = 0.05; %% critical value around ± 2.09
cfg.statistic = 'depsamplesT'; % use a dependent 
samples t-test
cfg.design(1, :) = [1:n_subjects 1:n_subjects];
cfg.design(2, :) = [ones(1, n_subjects) 2 * ones(1, 
n_subjects)];
cfg.uvar = 1; % first row of cfg.design, containing 
the (u)nits (subjects)
cfg.ivar = 2; % second row of cfg.design, the 
(i)ndependent events

cfg.correctm = 'cluster'; % correct with cluster 
method
cfg.clusteralpha = 0.025; % alpha for clusters
cfg.clusterstatistic = 'maxsum'; % way to calculate 
T
cfg.clustertail = 0;
cfg.neighbours = neighbours; % a neighbour 
structure, see ft_prepare_neighbours
cfg.numrandomization = 2000; % n randomizations

stat = ft_freqstatistics(cfg, dataset_1, dataset_2);

Unit variable Independent variable

1 1

2 2

... ...

19 2

20 1

1 2

2 1

... ...

19 1

20 2

Dependent variable is the frequency data



  

Cluster analysis – permutation 2
cfg = [];
cfg.latency = [1.500 1.500];
cfg.frequency = [1 100];
cfg.parameter = 'powspctrm';
cfg.method = 'montecarlo'; %% do a permutation test
cfg.alpha = 0.05; %% critical value around ± 2.09
cfg.statistic = 'depsamplesT'; % use a dependent 
samples t-test
cfg.design(1, :) = [1:n_subjects 1:n_subjects];
cfg.design(2, :) = [ones(1, n_subjects) 2 * ones(1, 
n_subjects)];
cfg.uvar = 1; % first row of cfg.design, containing 
the (u)nits (subjects)
cfg.ivar = 2; % second row of cfg.design, the 
(i)ndependent events

cfg.correctm = 'cluster'; % correct with cluster 
method
cfg.clusteralpha = 0.025; % alpha for clusters
cfg.clusterstatistic = 'maxsum'; % way to calculate 
T
cfg.clustertail = 0;
cfg.neighbours = neighbours; % a neighbour 
structure, see ft_prepare_neighbours
cfg.numrandomization = 2000; % n randomizations

stat = ft_freqstatistics(cfg, dataset_1, dataset_2);

Unit variable Independent variable

1 2

2 1

... ...

19 1

20 2

1 1

2 2

... ...

19 2

20 1

Dependent variable is the frequency data



  

Cluster analysis – permutation ... 
2000

cfg = [];
cfg.latency = [1.500 1.500];
cfg.frequency = [1 100];
cfg.parameter = 'powspctrm';
cfg.method = 'montecarlo'; %% do a permutation test
cfg.alpha = 0.05; %% critical value around ± 2.09
cfg.statistic = 'depsamplesT'; % use a dependent 
samples t-test
cfg.design(1, :) = [1:n_subjects 1:n_subjects];
cfg.design(2, :) = [ones(1, n_subjects) 2 * ones(1, 
n_subjects)];
cfg.uvar = 1; % first row of cfg.design, containing 
the (u)nits (subjects)
cfg.ivar = 2; % second row of cfg.design, the 
(i)ndependent events

cfg.correctm = 'cluster'; % correct with cluster 
method
cfg.clusteralpha = 0.025; % alpha for clusters
cfg.clusterstatistic = 'maxsum'; % way to calculate 
T
cfg.clustertail = 0;
cfg.neighbours = neighbours; % a neighbour 
structure, see ft_prepare_neighbours
cfg.numrandomization = 2000; % n randomizations

stat = ft_freqstatistics(cfg, dataset_1, dataset_2);

Unit variable Independent variable

1 1

2 2

... ...

19 1

20 1

1 2

2 1

... ...

19 2

20 2

Dependent variable is the frequency data



  

(Log)-T-values

Let’s run (many) permutations to sample the T-distribution



  

(Log)-T-values

log(T) = 12, p = 0.0005



  

What is the null hypothesis when 
doing permutation based test?



  

The null hypothesis

Unit variable Independent variable

1 1

2 1

... ...

19 1

20 1

1 2

2 2

... ...

19 2

20 2

Null hypothesis: data is 
exchangeable→more 
informally: the way that you 
label your conditions do not 
matter

Alternative hypothesis 
informally: your way of 
labelling the conditions 
matter



  

This also means that it is nonsensical to speak of 
statistically significant clusters

(It doesn’t mean that clusters are not interesting to 
investigate further)



  

Clusters



  

Clusters
Clusters can also be used for source 
space



  

Thank you!Thank you!
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