0o

6.1
6.2

10
11
12
13

14

SPMOOQOO*
Introduction to SPM statistics

Matthew Brett O OO OO O

oooo

oooood

Covariate DO OO DOOODOO . . v v v v e e e e e e e e e e e e e e e e e e

PET O fMRI

SPMOOQOGOQO

oooOO0 1. oooopoooooooo

oooo 2z 000000O0OoOoobooobo

0000000000 Global image signal . . . . . . ... oo ...
OD0000000000Grand mean scaling . . . .. .. oo oo oo oL

oooooooooooo -oooao

oooooooo

tOooooooooo

gogboooobgoooo

t0oooo zZoo

Covariate 0 1000000

gogboobboooobgoon

gooo

12

16

17

17

18

20

22

*00000000000000000000000000000000000D000000 Matthew Brett 000000000

000000000 0Ohttp://imaging.mrc-cbu.cam.ac.uk/imaging/PrinciplesStatistics J0000O0O


http://imaging.mrc-cbu.cam.ac.uk/imaging/PrinciplesStatistics

1 0000 2

0000 SPMOOOOOOOOOOOOOOOSPMYSOCOOO000O0OOOOO0OOOOODOOOOO
000000000000 000000000000000000000000 MATLABOOOOOOO
000000000000 MATLABOOOOOOOOOOOOOOOOOOOOOOOOOOOOoooOo
O00000000O00O0O0000D000 http://imaging.mrc-cbu.cam.ac.uk/scripts/statstalk.m
oooooooooooo0o0ooooOo0o00ooOo0O00bO0O00bOoO0O00oOoOO0D0oOoDOo0D0ooDO0
oooooooO0o0o0oooO00ooOo0oO0ooOo0o0ooOoOoOoooooooo

SPMOO0000000000000000000000O0OCHuman Brain Function O 20 http://wuw.
fil.ion.ucl.ac.uk/spm/doc/books/hbf2/ 00 0O O0O00OO0O http://www.fil.ion.ucl.ac.uk/
spm/doc/books/hbf2/pdfs/Ch7.pdf 00D D000 0OO0ODOODOO00OOOOOOMRI, PET, VBMODOO
00 Wellcome Trust Centre for Neuroimaging 0 00000 SPMOOOOOOO http://www.fil.ion.
ucl.ac.uk/spm/course/video/ 0000000 OOO0O

1 0000

SPMOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOSPMO SPSSOO0O0OOOOO
O0o0oU0oooOoooUooOooooSpPMOOOUOOODOOUOOOOODOUOOOOOSPMOOOOOO
gobooooboooooooooobooooobooooboooobooooooooooOooooOooOoboOoobboOooon
oo0ooo0o0oo0oo0oo0oooOoooOooSPMOOOOOOOOOOOOOOODOOODOOODODOO
goboooboooobooooooooooOoOoobOoOoOoobooOooboOoOooOoOOoOoOoOOoOoobboOoon
oo000oooO0o0o0oOoOo0o00oOoO0O0o0oDoOOoOO0 SPMOOOOOOOOOOOOOODOOOOO
00o0o0o0oOoU0oO0oOoUo0ooOoUo0oLOoUoo SPMOOOOOOODOOOOOOOOOOO

oooooooooooon

ooooooooooocoooogono

ooooooobobooobooooootoooboooo

t0oo00 zZoooooooo

t0000000SPMYUIOOO0OODOODOOOD ZODOOOOSPM9s) D OOOOOO

000 +t000 (SPM99) 00000000 ZO (SPM9) 0000000 0DO0ODOOOODOOOODO
oooood

St e

oo00o00ooooo0o0o0l4000000000000000000DOOOO0O0O0DODOOSUODOOOO
000000000 (Random Field Theory) 000D O00OOODOODOO http://imaging.mrc-cbu.cam.
ac.uk/imaging/PrinciplesMultipleComparisons 0O OO OOOO

00000o000oo0oo0o0ooSPMO0OOOOOOOOOOOOOOOOOOOOOOtOOOOOOO Z
ggbooboooboobobobobooboobbooboobbooboobobooboobbobboobo
gogoogoobogooobogod


http://imaging.mrc-cbu.cam.ac.uk/scripts/statstalk.m
http://www.fil.ion.ucl.ac.uk/spm/doc/books/hbf2/
http://www.fil.ion.ucl.ac.uk/spm/doc/books/hbf2/
http://www.fil.ion.ucl.ac.uk/spm/doc/books/hbf2/pdfs/Ch7.pdf
http://www.fil.ion.ucl.ac.uk/spm/doc/books/hbf2/pdfs/Ch7.pdf
http://www.fil.ion.ucl.ac.uk/spm/course/video/
http://www.fil.ion.ucl.ac.uk/spm/course/video/
http://imaging.mrc-cbu.cam.ac.uk/imaging/PrinciplesMultipleComparisons
http://imaging.mrc-cbu.cam.ac.uk/imaging/PrinciplesMultipleComparisons

2 000000 3

2 0O00DO0

000000000o0ooooooooooooo00o000o0oooooooO SsPMOOOOoOooOoOn
goooooooogon

0000 (response variable) 00 0000000000000 O0O0O0O0O0OO0OOODOODODODOOOO
00 0000 (dependent variable) 000000 O0OSPMOOODOOOOODOODOOOOOOOOOODO
gooooooooocoooo

0000 (predictor variable) 0 0 000000000000 ODOOOOOOOUDOOOD OOOO
(independent variable) 000 0000000000000 O0 OO (effect) 0000000DOOOODO
gobbogooobooboooobbooobobooobbooobboooboboooo (covariate)*lDDDDDD
gboooooooobdoboboboooboooooobDoboboboboboooo

gooospMOO

000 (observation) =00000000000000000O00OOOOOOOO
obob =00000obo0bobobobooboooboobooboobobobobooo
0000 =0000 (covariate) = 00O

ocooooooo

21 CovariateJOQOQQoooon

0000000000000 00000000000000 “covariate’0000000O0ODODODDOOOO
00000000000 MODOo0o0000O000UUn“ecovariate’0 00 000O0O0OOOOOOOOO
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WikipediaOOOOO0Ocovariate 00 0000000000000 OOOO

In statistics, a covariate is a variable that is possibly predictive of the outcome under study. A

covariate may be of direct interest or it may be a confounding or interacting variable.

O0O0Ocovariate 0000000000000 0OOO0OODOODOO0OODODOODOODOOODOODOOODOO
gooooO0oOoO0oOoOoOoO0oO0oOoOoOOOO0OOOO0ODOOOOOOOOOOOOOOOOODOOODOOUODOO
covariate 0 0 0 0000000000000

Wikipedia OO O OO0

The alternative terms explanatory variable , independent variable , or predictor, are used in a
regression analysis . In econometrics , the term ”control variable” is usually used instead of

”covariate”.
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In a more specific usage, a covariate is a secondary variable that can affect the relationship between

the dependent variable and other independent variables of primary interest.
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design matrix

set-lawel {o} cluster—level 21 wvoxeblevel {Z} uncorectedk &2 =pz fmm}
0485 (4] 0127 290,437 ) 0,088 [4.37) 0123 0,000 =20 -42 34
0547 [1855,3.75) 0,472 3.6 0252 0,000 §E 0 g
0,823 [260,3.67 ) 0,562 [3.67) 0n.142 LRI 2f -22 312
0761 @i OOo 20 -8 [
0,853 [163,3.85) 0550 368 0.240 0.0an -32 -r2 32
0832 @74.3.01) 0,884 [3.01) 0133 0.001 26 50 FO
0o @am OmE 36 -4 70
Do 28T OOE 30 -50 &0
0885 ([184,3.00) 0,834 [3.00] 0213 0.001 - -40 -12

He Qhttreshold 1} = 233, p=0010
Exutthreshokl 3 = 127 uoxet, p=0.299
Expe: el wcie b pe rch i 1, En}= 127.1
Expe cld INMberotosters, M= 55

SPMOE (matth e - 24051990 (1453)

1

Wolme E1=23 18T voxek or 4433 Rege k
Degree s of freedom dee Deror=100
Smooth ke sz FUHM {mm}= 143 163 13.5

Qb =718.193
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Positive slope for Task Difficulty

vy gy Contrast(s)
b (BN T
E = e
i i i Ll
1 PRI A
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....... -8 SPMIT } 5
h, : o &
) : D
7
g
| g
10
11
12
05 1 1.5 2 2.5
Design rnatrix
Statistics: volume summa alues correcied for ontire volume
set—level cluster—level voxel-lewel
P T z *x,7%,E { o}
F c P cameed P pcameced P amerted { -) P peameced
0,461 3 0.219 90 0,06k 0.zean T.96 [ 4.3T 0.000 -0 -4 3d
0.aa7 1EE 0.165 0,045 £.79 [ 3.75) 0.000 & 0 &
0.27¢ 260 0,079 0.2ae E.Eg [ 3.6T 0.000 o9 -2z 32
0.a70 5 .07 [T Y) 0.000 20 -2 20
0,923 163 0.1E6 0,911 E.49 [ 3.6E) 0.000 -22 -7¢ 32
0,249 74 0,072 1.000 3,97 [ 3.0 0,001 26 -E0 70
1.000 2.80 {z.az2) 0.002 26 -46 70
1.000 2,632 {ozoam 0.002 20 -850 &0
0.a7n 194 0,133 1.000 3.96 [ 3.0m 0,001 -10 -d0 -12

table shows at most 5 maxima = 8 Unon apart per cluster

Height threshold: T= 276, p= 0.010(1.000 corrected)
Extent threshold: k = 127 voxels, p = 0207 (0 9% conected)
Expected woxsels per chister, =k= = 85352
Expected mnberof chisters, <c= = 544

SPHR 0 (matthewr): 1GE0005 - 21021900

02

Diagrees of freedom = [1.0,10.0]

S moothness FWHM = 151173194 {nem} = 768857 voxels }
Searchvohime: § = 1905428 nun3 = 238187 voxels = 355.8 resels
Voxel size: [20, 20, 2.0] nmon (1 resel = 634 .43 vaxels)
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6.2 00000000 QODODGrand mean scaling
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The relationship of task difficulty to voxel value
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57.51 7
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A first guess at a linear relationship, and its residuals
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0000 |0D0OO01 | 0000oD | OO0 (ev)
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6 55.67 1 1
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8 55.82 3 1
9 95.1 1 1

10 58.65 6 1

11 56.89 5 1

12 55.69 2 1
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Design matrix for the first analysis
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Design matrix for added covariate
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