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Introduction Voxel correlation also depends on cortical depth

Voxels lie deeper in the grey matter tend to have smaller correlation

What factors determine the voxel-by-voxel noise covariance in fMRI?
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» Use the model prediction to integrate with empirical estimate
* Improve inference for multi-voxel pattern analysis
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Evaluating model predictions

Methods: empirical noise correlation

How well does each model predict the noise-correlation in a left-out run?
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Voxel 5 Evaluation: Predicted variance of a multivariate measure
(distance, correlation, second moment) depends on the effective

@ _ _ L number of voxels after pre-whitening:

S R First-level linear model: Y = XB + Ry p Vodel 7t M(©) 3,

o B : .

S a1 Voxel correlation after

$ 1 Lp=M"72pM™> pre-whitening

Voxels have different noise-levels  62=—— ) r?
Signal Noise r-9:3 5 Effective number of
p . — l voxels. Perfect
B + E Voxels are correlated: & trace(XpXp) prediction P, = P.
estimate the correlation from 5, =RR’ 0.201 Large deviation lead
5 standardized residuals | Jf to Py= 1
g 0.15
We used 6 fMRI datasets with voxel resolution ranging from 1.4mm-3mm S —— 2d-dll'78tance does not add
< 0.10 muc
- B 3d+3d?2
Voxel correlation depends on their spatial distance 005 e 2d+2d” ,  Model with depth and 3d-
' 3d+3d7+2d+2d distance is the best
B 3d+3d%+depth

We expect noise correlation to decay as a function of spatial distance. 0.00.

 Measurement noise is expected to fall off with distance in the volume (3d)

- Neural variability is expected to fall off with the distance on the cortical surface (2d) 0-20° W individual
Model parameters are stable across subjects and 0.15- group
datasets Q. Bl across datasets

n Correlation vs. 3d 50.0
Practically, we can use the common parameters 0.05.
CSF | Grey matter 0.12. g estimated in one study to apply to a completely '
i —— Empirical new dataset. 0.00.
3d -
0.10-
—— 3d + 3d°?
S 0,081 Correlation falls off as a : ;
= double exponential. Regularlzed estimate
© 0.06 Large correlations
S 0o egivgfseﬁp';erggt%%'}’r g Using model prediction as a shrinkage target in regularization:
= = correlations over long & A
002 distances. 3d+3d%+depth 2p == +4M
0.00 0-55°
5 10 15 20 25 30 050 Regularization improves estimate
3d distance [mm] generally
0.45- \
INE A \‘
Q:“'S 0.40- g Optimal 1 depends on dataset and
_ _ | #Time points / #voxels
 In most brain regions, 3d and 2d are correlated 0.35- i \
: : : : univariate prewhitening |
» Accounting for 3d, does the correlation decay with 2d distance? _ _ _
HAHng | YW ! 0.30 Model-based shrinkage target is
. | always better than identity
Correlation vs. 2d P02 04 06 08 1
I A M
o0 . s Within each bin, we calculated
e l | \| . 30 the slope and average the Conclusion and open questions
- o 35 slopes across bins
C 3.9
S . . . . .
= 0.20- * Models with only 3d distance predict noise correlation better than models
% Zgncijﬁctgz?lgei?ggggg pattern with 2d distance. Is 2d distance a better predictor for signal variabilities?
3 0.15- » Better model of noise correlation leads to smaller variance multivariate
measures
S Y SE— G 4/6 datasets showed  Pre-whitening emphasizes high spatial frequencies. What if signal
| | | numerically negative slope variabilities are in low spatial frequencies?
2.9 6.7 10.9
2d distance [mm]
Different distance models: Ledoit, O., & Wolf, M. (2003). Honey, | shrunk the sample covariance matrix. UPF economics
and business working paper
3d 71 exp(—ad;;) Walther, A., Nili, H., Ejaz, N., Alink, A., Kriegeskorte, N., & Diedrichsen, J. (2016). Reliability of
2 ) dissimilarity measures for multi-voxel pattern analysis. Neuroimage
3d+3d 71 exp(—ad;) + v, exp(—pd;)

Diedrichsen, J., Berlot, E., Mur, M., Sch, H., Shahbazi, M., Kriegeskorte, N. (2021). Comparing
2d+2d2 71 exp(—ag;) + 7, exp(_ﬁgijz,) repres_entational geometries using whitened unbiased-distance-matrix similarity. Neurons,
Behavior, Data and Theory

3d+3d2+2d+2d2  niexp(—ady) + yoexp(—ags) + 73 exp(—fid;) + v, exp(—prg;)

) @_mshahbazi




