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Lecture outline

v'"What is a t-contrast?

v'What is an f-contrast?

v’ Orthogonality of regressors



What do we use contrasts for?

A contrast is a linear combination of variables (parameters or statistics) whose
coefficients add up to zero, allowing comparison of different treatments.

Within fMRI we use contrasts to:

1. Examine whether task conditions produce brain activity that is significantly different
(increase or decrease) compared to signal noise (t-contrast)

2. Examine whether brain activity between two conditions is significantly different (increase or
decrease) for one compared to the other (t-contrast)

3. Compare multiple regressors (parts of your model) and/or between conditions to see if is any
difference between the two (f-contrast)



The story so far...
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Mass-univariate approach




Your Design Matrix -Estimation of the parameters
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The beta value are random variables that are distributed around their true value and their estimate depends on the
variability of our residuals (d?) .



Contrasts — t-contrasts
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Contrasts allow you to isolate specific effects of interest
A contrast is a c vector of length p

A contrast ¢’B is a linear combination of your regressor
coefficients, 3

If we are interested in the effects of 3,

c’B =1xB; + 0xB, + 0xBs + ...+ 0XB;



Contrasts — t-contrasts

[1000-1000..

Contrasts allow you to isolate specific effects of interest
A contrast is a c vector of length p

A contrast ¢’B is a linear combination of your regressor
coefficients, 3

If we are interested in the effects of B,compared to B;

c’B=1xB;+ 0xB, + 0xB3 + OxB, - 1XBs+ ...

B1-Bs



The million-dollar question...

Is the beta in my conditions of interest statistically significant?

[1 /0 0O 0O 0O O O O] Null Hypothesis — H,

In this case, that our beta of interest, does not statistically significantly explain any variance in our model

We are trying to reject the H,

HO: CTﬁ == O

The alternative hypothesis is what we expresses the
outcome of interest

Hy:cTB #0

To test hypotheses, we need to calculate a t-statistic




What is the t-statistic?

T-statistic: the ratio of the difference in a number’s estimated
value form its assumed value over its standard error.

contrast of
estimated
parameters

Test statistic: =

variance
estimate

Acceptable false positive rate ¢ = threshold u,

We reject the null hypothesis when t>u,

A p-value contains information around the evidence against the H,. It

gives the probability of observing a value more extreme than the t under
the null hypothesis

t-Distribution
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An example

- L w P.Nan.kcl.ac.uxk
AHe
Espmu (7771): Menu (on login2.nan.kcl.ac.uk) o _ O X E SPM12 (7771): Graphics (on login2.nan.kcl.ac.uk) A _ X
File Edit View |nsert Tools Desktop MWindow SPM Figure Help L]
Realign (Es .. ice timi - .
sicetiming | smooth | ntr_vs_low_win_incr
Coreqister ... v‘ MNormalise (... v| Segment
Specify 1stdevel | Revigw
-
specily 2ndevel | Estimate 0.000 0.002 7.91 0 -4 59
Results 3 5
S T 0.002 0.010 6.81 -26 -22 63
Dynamic Causal Modelling ‘ N 10
SPM{T,.}
30 s
SPM for functional MR 0.003 0.014 6.50 -41 -15 59
" 20
SPMresults: 2o cucon s %
Height threshold T 1
0.5 1 15
Design matrix
|4\ SPM12 (7771): SPM{T}: Results (on login2.nai o — O X
3 |Statistics: p-values adjusted for search volume
Design Contrasts Atlas El
I set-level cluster-level peak-level U
P £ pFwE-corquDR-mrr kE puncf:-rr ’("F‘c'J‘E-cm'r'qFDI’{-mrr-lr (ZE:l punmrr
0.000 15  0.000 0.000 1524 0.000 0.000 0.002 7.91 577 0.000 0 -4 59
0.002 0010 681 525 0000 -26-22 63
0.003 0.014 650 5.09 0000 -41-15 59

0.135

0.170

4.88

4.16

8-68 -23
0172 0170 476 4.08 0.000 0-71-26
0.245 0206 458 3.96 0.000 26 -49 .30
0.004 0.006 162 0.001 0.139 0.170 4.87 4.15 0.000 15 -82 -3
0.169 0170 437 4.08 0.000 3075 13
0.180 0170 474 4.08 0.000 3479 7
0.281 0.304 32 0.101 0.304 0.213 4.47 3.88 0.000 41-15 30
0.516 0.477 17 0.223 0.339 0.230 4.41 3.84 0.000 -22-56-26
0.439 0.444 21 0.177 0.723 0.577 3.87 3.46 0.000 11-15 10
0.833 0673 370 3.33 0.000 B 4 7
0.906 0797 356 3.22 0.001 88 7
0.758 0.726 7 0.436 0.832 0.673 3.70 3.33 0.000 26 -4 49
0.841 0.797 4 0.564 0.833 0.673 3.70 3.33 0.000 3a a4 7
0.897 0.797 2 0.697 0.850 0.693 3.67 3.31 0.000 56 0 10
0.925 0.797 1 0.797 0.875 0.735 3.62 3.27 0.001 41-60 -7
0.869 0.797 3 0.623 0.914 0.797 3.54 3.21 0.001 -41 -4 20
0.758 0.726 7 0.436 0.914 0.797 3.54 3.21 0.001 22 26 23

table shows 3 lecal maxima more than 8.0mm apart

Height threshold: T = 3.39, p = 0.001 {0.961) Degrees of freedom = [1.0, 30.0]

Extent threshold: k = 0 voxels FWHM = 20.4 21.2 14.2 mm mm mm; 5.5 5.7 4.3 {vox
Expected voxels per cluster, <k= = 12.279  Volume: 1516046 = 32669 voxels = 213.5 resels
Expected number of clusters, =c> = 3.25 Voxel size: 3.8 3.8 3.3 mm mm mm; {resel = 132 80 vc
FWEp: 5.337, FDRp: 6.499, FWEC: 111, FDRc: 1B3qe 1 =l

B R2018b - acad... | login2.nan.kcl.ac.uk |



How about scaling?

* The T-statistic is the signal to noise ration
* The T-statistic does not depend on the scaling of your regressors
* The T-statistic does not depend on the scaling of your contrasts

However, there are scenarios where scaling is important..
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Contrasts - F-contrast

* When we want to compare models

F-statistic:

Xo explained variance/unexplained variance
“ml
.l
-
.I
m F= RSS,—RSS
-
=
.I
-
L *RSS: Residual sum of Squares
Full model Partial model Measures the level of variance in the error term, or

residuals in aregression model



Contrasts - F-contrast
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An example

E SPM12 (7771): Menu (on login2.nan.kcl.ac.uk) o _ O X E SPM12 (7771): Graphics (on login2.nan.kcl.ac.uk) A _ X
Eile Edit wiew Insert Tools Desktop Window SPMFigure Help L
Realign (Es e i
Slice timing | Smooth | ftest
Coregister ... v‘ Mormalise (... v| Segment
contrast
Specify 1stdevel ‘ Review . PFWE-CORR PFDR-CORR
Specify 2nd-level ‘ Estimate : ‘ ;
e s 8 i 0.000 0.003 62.50 0 -4 59
n <
, 10
SPM{F, 30} 0.003 0.010 46.37 -26 -22 63
15
20
0.007 0.014 42.23 -41 -15 59
Help Utils... - Batch Quit ‘ ’ 20

Design matrix

E SPM12 (7771): SPM{F}: Results (on login2.nai A _— O X
Design Contrasts  Atlas ~

cluster-level
k

peak-level

mm mm mm
F Zo

£ Puncorr Prwe-cordFpR-corr Puncorr

0.000 0.003 62.50 5.65 0 -4 59
0.003 0010 46.37 5.12 0.o000 -26-22 B3
0.007 0.014 4223  4.96 0.000 -41-15 59

Pewe condFpR-corr
0.000 0.000

1212 0.000

0.001 0.002 191 0.000 0.001 0.005 52.88 5.36 0.000 -49-56 23
0192 0231 2517 4.08 0.000 -56-52 40
0633 0398 18.64 3.60 Q.o00 -49 -60 46
0.024 0.024 85 0.006 0.006 0.014 4296 4.99 0.000 -38 15 53
0.895 0699 1546  3.31 0.000 -19 34 53
0.393 0.292 22 0.125 ©0.111 0.186 27.86 4.25 0.000 56 26 13
0.034 0.030 76 0.009 0.114 0.186 27.74 4.24 0.000 -22-86 10
0.477 0.321 18 0.163 0.239 0.238 24.09 4.01 0.000 45 19 40
0.004 0.006 132 0.001 0.251 0.238 23.84 3.99 0.000 8-68 -23
0314 0244 22.69 3.91 0.000 0-71-26
0431 0301 2100 3.79 0.000 26 -49 -30
0.008 0.010 113 0.002 0.259 0.238 23.68 3.98 0.000 15 -82 -3
0.310 0244 2277 3.92 0.000 3075 13
0328 0244 2246 3.90 0.000 34 .79 7
0.374 0.292 23 0.118 0.289 0.244 23.13 3.94 0.000 15 49 49
0.594 0370 19.07 3.64 0.000 15 56 40
0712 0.450 17.78 3.53 Q.o00 15 38 56

table shows 3 local maxima more than 8.0mm apart
Height threshold: F = 13.29, p = 0.001 (0.981) Degrees of freedom = [1.0, 30.0]

Extent threshold: k = 0 voxels FWHM = 20.4 21.2 14.2 mm mm mm; 5.5 5.7 4.3 {vox.
Expected voxels per cluster, <k= = 9.779 Volume: 1516046 = 32669 voxels = 213.5 resels
Expected number of clusters, <c> = 3.98 Voxel size: 3.8 3.8 3.3 mm mm mm; (resel = 137 80 v
FWEp: 31.782, FDRp: 42.234, FWEc: 76, FDRc: Pége 1 ==

B R2018b - acad... login2.nan.kcl.ac.uk |



A final note...

Orthr?gonality: reflects how much your regressors correlate with one
another

Variability of X, Variability of X,

Variability of Y
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A final note...

Orthrc])gonality: reflects how much your regressors correlate with one
another

Variability of X, Variability of X,

Variability of Y




Orthogonality

_ity

design orthogonality

Measure : abs. value of cosine of an%le betrween colurnns of design matix

Seale - black - colinear [cos=+141)
white - orthogonal (cos=0)
gray - not orthogonal or colinear

v" Orthogonal regressors are regressors that do
not share any variability

v To account for a degree of shared variability we
regress out the effect that is shared between
regressors

v A lot of share variability, however, does not
leave enough signal that is attributed to single
regressors

v You can design your orthogonality matrix and
check it before you do your experiment.



Thank you!
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