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Introduction

e Problem: Power analyses for fMRI data are difficult to carr
out due to the complexities of the group fMRI model, bu
power calculations are often required in grant applicaio
and can help plan more efficient studies.

e Solution: FMRIpower [1]

—Calculates power for a future analysis based on previops
analysis results obtained using the FMRIB Software L
brary (FSL) [2].

—Power for different group level designs, eg. power for dif
ferent sample sizes.

—Can be used on group models estimated in 2 or 3 stages
—Region of interest (ROI) based approach.
—Matlab based program (requires SPM5).

FSL Model
* Group Model: B.on = X 3, + €,

—Boont = [/, . . ., ¢Bx]F ¢ a vector of contrasts, usually 1 for
each subject, from the subject-specific models at the preyi-
ous stage/{/ -subjects).

—X,: N x p, design matrix.

—e, TN(0,Vy), V, = diag 0., + Orn » Tain, IS the
within-subject variance for subjekt o7, is the between-
subject variance.

Hypothesis Test

*Hy:cyB8, =0 o Hy:cyB8, = A, cyIS acontrast vector of
lengthyp,. —1 |

e Test Statistic t = (¢,08,) / ¢, XJV X, ¢l

—Under Hy, t [1Ik-, Central T withN — p, degrees of
freedom.

—UnderHy, t L1Ik—, ncp; noncentral T withV — p, de-
gregs—off freedom and noncentrality paramefg€t,/P =

A/ ¢y XIVIIX, cl

Power
Power is the probabillity of rejecting the null under the adte
tive distribution,

Power = Pr I'n—p nop > ti—a,N—p,

wheret;—, n—p, IS the threshold corresponding to a false pos
tive rate ofa.

FMRIpower

Assumptions

e Assume first level design is same for all subjects and the safne
as the original analysis.

e Assume within subject covariance is the same across sabjegt
Impact of assumptions
e Variance Is tpisqme across subject¥se: (o2, +07,. )Iy.

e NCP=A/ o, XI'X, ; cI', wheres == o7, 407,
e Allows model to generalize to different sample sizes.
ROI parameter estimates

e Average the contrast estimatﬁ@g (copes) from group level
FSL analysis over ROI to get ROl mean effect size;.

- Average the variancey:,, + J7,,,, over ROI to get the ROI

1IN
mean variancey o;;. ¢;,, is the average o, over sub-

jects (previous level varcopes) aig, = is saved in group
FSL analysis.

» Calculate average voxel within the ROtg power for specifief

design matrixX,, SONCP = Aror/ oppicg XEX, L.
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Using the FMRIpower graphical user interface

e Download beta version atww.fmripower.org Matlab based
GUI, that uses some SPMb5 functions.

e Construct design matrices and save as .mat ascii files.

e Make sure the directory with the FMRIpower code and SPMp
are in the Matlab path. Start GUI by typing “fmripower” at
Matlab prompt (Figure 1).

(@] fRIpower
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Figure 1:Main FMRIpower gui. Top set of options sets the .gfeat op
tions. Bottom options specify rest of model for power cadtion.

e Select the top level (group) .gfeat directory. Lower leve
copes and top level copes will load into listboxes.

— Lower level copes of interest The .feat directories within
the .gfeat directory. If the group analysis was based dn
lower level copes, there Is only a single copel.feat direg-
tory. If the .gfeat analysis used lower lever .feat directd
ries as inputs, each cope#.feat directory correspond£to fh
lower level copes.

—Top level copes of interest Group contrasts, within the
feat/stats directory.

e Select design matrix you would like to calculate power fo
This must be a .mat file saved in ascii format. The "Chec
Design” window (Figure 2) will pop up so you can check tha
your design matrix and contrast are what you intended.

Wrong column order Right column order

N Check Design | / [®] Check Design =]

Check new design and contrasg Check new design and contrast

ORstinal Design MNew Desj Original Design Mew Design

Figure 2: Examples of the "Check Design” window. Assume we hac
three groups, a, b, and c designated by columns 1, 2, and 8 original
design matrix (5 subjects per group). If we wanted to cateupmwer for
Hy: a— b= 0, with 10 subjects in each of groups a and b, the examplg
on the left shows an incorrectly specified design, since dhenens are
not in the correct order. The example on the left shows theecbodesign
matrix to be used in the power analysis.

e Select the ROl mask of your choice. The default is th
Anatomical Automated Labeling (AAL) mask described i
[3], but any mask where ROI’s are indicated by integer va}

ues can be used (analyze or nifti format).
e Specify Type | error rate and hit Calculate button.
 VView results (Figure 3).

e Results are saved In
copett.feat/Power/maskame/contrashame/

—mn.nil, sd.nil, and mrsd.nii are the mean, standard devia
tion and mean in standard deviation units images.

—pow._tmp.nii Is the power image from the most recent powdr
analysis.

—pow result.mat is a Matlab structure that stores all informg-
tion from each power calculation. This can be used to cre-
ate a plot of power as a function of sample size in Matlaf
(Figure 4).
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Figure 3:FMRIpower results window. The power estimate for each ROI,

mean in standard deviation units, mean and standard daviate shown in
the 4 sets of images. Since the copes and their variancesliypare not
scaled to reflect a particular unit, the mean and sd maps arexpoessed
In a particular unit. The numbers next to the colorbars iaiche values at
the chosen voxel for that map. The “Crosshair Position” bhiggldys the |o-
cation of the crosshairs in mm and in voxel units as well ags¢geon # that
corresponds to the ROl mask used. If the AAL mask was useahaimee of
the region.
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Figure 4:Power curves for detecting overall group mean in four RGd8's
a function of sample size.

Conclusions

We have introduced a power calculation tool that can be u

sed

to carry out power analyses of group level fMRI models based

on prior FSL analyses. The current version of this applorat
allows the user to change the group level design matrix alRd
culate the power for this design. The power calculations

carried out on a region of interest basis where the estimate i

dicates the power for the average voxel within that ROI.
Future additions to FMRIpower will include

e Capability to change lower level design matrix (for eachyru

e Command line version of software.

ca
ale
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e Power calculations when mutliple variance groups are speci

fied in the model (current version assumes variances are s
across subjects).

e Power calculation for group analyses based on previous S
analyses.
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