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ResMS.img = O;
residual sum of squares
or variance image and is
a measure of within-
subject error at the 18t
level (or between-subject
error at the 2nd),
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Con. value is combined with
ResMS value at that voxel to

produce a T statistic or spm.T.img.
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spmT.img
Thresholded using the
results button.

Test statistic:
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spm contrasts.m - Compute SPM{t} image line 213 P

Translational Neuromodeling Unit

beta_0001.nii,1 Y = 1.05909

beta_0002.nii, 1 . Y = 7.44308

con_0007.nii,1 ResMS.nii,1 Y =1.09613

mm: -4.0 -98.0 2.0 mm: -4.0 -98.0 2.0

spmT_0007.nii,1 Y =9.84063
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spm contrasts.m - Compute SPM{t} image line 213 M W

anslational Neuromodeling Unit

Y = 1.05909

c=[1 -1 zeros(1,16)]

ResMS intensity = 1.09613

con_image_intensity = 6.38399 Y =6.38399 Y =1.09613
Vc=c*SPM.xX.Bcov*c'
SE = sqgrt(Vc*ResMS _intensity)
con_image_intensity/SE
mm: -4.0 -98.0 2.0

Y =9.84063

Y =7.44308
Cc = contrast weights
o,
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So, which images?

beta images contain information about the size of the effect of
interest.

- Information about the error variance is held in the ResMS.img.

- beta images are linearly combined to produce relevant con.img.

- The design matrix, contrast, constant and ResMS.img are
subjected to matrix multiplication to produce an estimate of the

st.dev. associated with each voxel in the con.img.

- The spmT.img are derived from this and are thresholded in the
results step.



Worth to check:

Review Design
- Matrix
- Orthogonality

Explore Design:
- Sessions

mask.nii

Correlation among regressors:

%% SPM.xX.xKXs.X: matrix of trials and betas (columns) in each trial
%% R=corrcoef(X) calculates a matrix R of correlation coefficients
corr_pre=corrcoef(SPM.xX.X);

figure; imagesc(corr_pre, [-1 1]);colorbar

%% after whitening:

corr=corrcoef(SPM.xX.xKXs.X);

figure; imagesc(corr, [-1 1]);colorbar
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Translational Neuromodeling Unit

SPM interface: factorial design specification

Options:
« FFX
* One-sample t-test
- Paired t-test
*  One-way ANOVA — within subject
* Flexible factorial
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SPM interface: factorial design specification

{4 SPM12 (7487): Menu

(4] Batch Editor — O X
Eile Edit View 5PM BasiclO -

D d P>

— D >'< Module List Current Module: Factorial design specification

Coregister ... MNarmalise |

Specify 1stdevel

Specify 2nd-level

Results

Dynarmic Cauvsal Madelling

~ Help on: Factorial design specification -
Directory <-X

Reasbgn(E. ¥ gice timing Smoath Design

. One-sample t-test

.. Scans <-X
Covariates

Multiple covariates

Masking

Estimate . Threshaold masking

.. None

. Implicit Mask Yes
. Explicit Mask

Global calculation

. Omit v
Current ltem: Design

L

Segmant

Rewview

Two-sample t-test o

Toolbox: [=1=T

Hirlg: Litis w

Dispay Check Reg | |Render... ~ | FMRI . Paired t-test

Multiple regression
imCalc EHEOM Impart One-way ANOVA

Beich Sl One-way ANOWVA - within subiect v

< > Specify...

One of the following options must be selected:
* One-sample t-test
* Two-sample t-test v

Methods & Models 2019



F FX " W v
L Translational Neuromodeling Unit

TLBR > TRBL: Block

contrast

R =)

= 9 PE
: 200

y R

400
600
800

SPMresults:.\Group\fix\individual 1200
Height threshold T = 3.096514 {p<0.001 (unc.)}
Extent threshold k = 1248 voxels 1400

O A RS- -

20 40 60 80 100

Desian matrix
p<0.05 FWE at cluster-level, with CDT:p<0.001



One-sample t-test: N
TLBR > TRBL.: all

15 ¢ .
0.5 1 1.5

Desian matrix

p<0.05 FWE at cluster-level, with CDT:p<0.001



Paired t-test: oo
TLBR vs TRBL: block

contrast

(18, -74, -10]

SPMmip

SPM{T. ,}

SPMresults:.\Paired\Retinotopy\block
Height threshold T =3.787390 {p<0.001 (unc.)}
Extent threshold k = 146 voxels

5 10 15

p<0.05 FWE at cluster-level, with CDT:p<0.001 Desian matrix



WANOVA: e A
TLBR vs TRBL: block

contrast

|'I-
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& SPM{T

42}

5 10 15

p<0.05 FWE at cluster-level, with CDT:p<0.001 Desian matrix



flexANOVA: e A
TLBR vs TRBL: block

conftrast

B "

3 SPM(T, }

5 10 15

p<0.05 FWE at cluster-level, with CDT:p<0.001 Desian matrix



Translational Neuromodeling Unit

Importance of sphericity specification:.

Compare one-way within-subject ANOVA using:
* correct sphericity specification vs.
* wrong sphericity specification



Sphericity specification: T ¥
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correct sphericity specification wrong sphericity specification

TRBL vs TLBR: all

TRBL vs TLBR: all

confrast

confrast

& SPM(T

42}

SPM(T

5 10 15

Design matrix

Desian matrix
Statistics: p-values adjusted for search volume
set-level cluster-level peak-level
p T ) mmmm mm
P ¢ P FWE-corr qFDR-::orr E P uncorr P FWE-corr qFDR-:orr = P uncorr
0.000 2 0.000 0.000 1007 0.000 0.000 0.000 16.00 Inf 0.000 14 -88 10
0.000 0.000 12.07 Inf 0.000 20 -%4 20
0.000 0.000 1408 0.000  0.000 0.000 15.92 Inf 0.000 -8 -78 -8
+3 # ¥
Statistics: p-values adjusted for search volume
set-level cluster-level peak-level mm mm mm
P Prwgcor 5orcor 't Puncor  Prwtcor oreor | (22) Puncon p<0.05 FWE at cluster-level, with CDT:p<0.001
1.000 3 0.000 0.000 984 0.000 0.000 0.000 10.41 7.28 0.000 -8 -78 -8

0.000 0.000 807 0.000 0.000 0.000 9.73 7.00 0.000 14 -88 10
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Translational Neuromodeling Unit

Voxel-level Inference

* Retain voxels above a-level threshold u,
— Signal magnitude

* Glves best spatial specificity
— The null hyp. at a single voxel can be rejected

]

- — —— -

space
Significant / \\lo significant

Voxels Voxels




Translational Neuromodeling Unit

Cluster-level Inference

e Two step-process
— Define clusters by threshold u,.

— Retain clusters larger than a-level
threshold k_: Spatial extent

clus
space
G G
Cluster not " " Cluster

significant o o significant



Translational Neuromodeling Unit

Cluster-level Inference

* Typically better sensitivity
* Worse spatial specificity
— The null hyp. of entire cluster is rejected

— Only means that one or more of voxels in
cluster active

Cluster not Cluster
significant o o significant



Translational Neuromodeling Unit

Set-level Inference

« Count number of blobs c
— Minimum blob size k
« Worst spatial specificity
— Only can reject global null hypothesis

space
ﬁﬁ

K K
Here c = 1; only 1 cluster larger than k
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Review: Levels of inference & power

SPM intensity
A

-
SPM position
Set level... W : significant at the set level
Cluster level... m= w= = gignificant at the cluster level L, > spatial extent threshold
Voxel level. . WERNREEIL : significant at the voxel level L, < spatial extent threshold
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Options for displaying contrasts:

Apply masking
- none

- contrast

- Image

- atlas

Maximum probability tissue labels derived from the "MICCAI 2012 Grand Challenge and Workshop on
Multi-Atlas Labeling” ' |are available in files tpm/labels Neuromorphometrics.{nii,xml}. These
data were released under the Creative Commons Attribution-NonCommercial (CC BY-NC) with no
end date. Users should credit the MRI scans as originating from the OASIS project® and the labeled
data as " provided by Neuromorphometrics, Inc.? under academic subscription”. These references
should be included in all workshop and final publications. See spm_templates.man for more details
about the generation of this file.
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Options for displaying contrasts:

Apply masking (image) vs. small volume correction
- p-values will change

e.g. Positive effect of condition_1 / left middle frontal gyrus

Apply explicit mask vs. small volume correction
- p-values should be the same

—> can differ as your ReML-estimation will be based on the ROI

Save thresholded image
- thresholded SPM

- all clusters

- current cluster



