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How fMRI works

Blood carrying oxygen has different magnetic properties than
blood that has been deoxygenated.

fMRI machine emits an energy pulse inside a high magnetic
field.

Small differences in the magnetic field at each point in space
cause water at that point to emit a signal.
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Different signals are measured simultaneously and their spatial
locations are sorted based on their frequency.

A 3D volume of the head can be collected in 0.5 - 2.0 seconds
by collecting 16 individual 64x64 voxel images.

A voxel becomes slightly brighter or darker in response to
changes in deoxygenated iron content in that voxel.

So the blood itself serves as a contrasting agent, making MRI
signal sensitive to brain activation.
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Limitations of fMRI

fMRI measures changes in blood flow rather than neuronal
activity.

Delay of several seconds and with a spatial spread of
millimeters.

fMRI cannot detect absolute activity of brain regions.

The brain is never completely at rest.

fMRI does not have very good external validity (subject
cannot stay perfectly still).
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Random Field Theory

Given an array of voxel values1

To look for an effect we are interested in, we calculate a
statistic for each brain voxel that tests for the effect of
interest in that voxel.

1from Random Field Theory, Will Penny
Andrew Lam Brain Imaging and fMRI



Basis of fMRI
Limitations of fMRI

Mathematical and Statistical technqiues
Potential application

Family-wise error

Use hypothesis testing to estimate how likely our statistic
could have come about by chance.

Null distribution - the distribution of the statistic value we
would expect if there is no effect.

α ∼ 0.05 as the probability of statistic resulting from a null
distribution.

More complicated in functional imaging - many more voxels
⇒ many more statistic values.

Null hypothesis H0 refers to the whole volume of statistic in
the brain. Any evidence against the null hypothesis would
mean that the whole observed volume of values is unlikely to
have arisen from a null distribution.
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The risk of error we are prepared to accept is the Family-Wise
Error rate.

To test a family wise null hypothesis, we apply a threshold to
every statistic value, any value above the threshold are
unlikely to have arisen by chance.

Apply a threshold A to each of our n probability values, if all
values were drawn from H0, then each value has probability α
of being greater than the threshold.

Probability of all the values being less than A is (1− α)n.

The family-wise error rate is the probability that one or more
values will be greater than A,

pFWE = 1− (1− α)n.
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Spatial correlation

In general, data from one voxel will be similar to data from
nearby voxels.

It is common to smooth functional images before any
statistical analysis.

This means there are less independent observations than there
are voxels. But using a Gaussian smoothing kernel, we have
no way to calculate the number of independent observations.

Random field theory solves this problem by calculating the
expected Euler Characteristic for a smoothed image that has
been threshold.
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Addressing limitations

One limitation is the time lag and spatial spread of the signals.

Instead of having one snapshot of the brain, we could have a
sequence of snapshots of the subject’s brain.

If a region is more active, we expect more blood to flow
through that region.

We would expect the signal to move across the region of
voxels through time.

Translating this into the above setting, we expect to see an
evolution of the signal surface.

We could use this to pinpoint regions of activation and
possibly reduce the effects contributed from other regions.
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Ideas

Spot the difference
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