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* Functional MRI data analysis
— SPM pre-processing (Wesley Wu, Ph.D.)
— 1st-level individual analysis
— 2"d-level group analysis
— multiple regression



fMRI analysis tools

SPM (Statistical Parametric Mapping)
— Wellcome Trust Centre for Neuroimaging, UCL, UK
— http://www.fil.ion.ucl.ac.uk/spm/software/

FSL (FMRIB Software Library)
— Oxford, UK
— http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/

AFNI (Analysis of Functional Neurolmages)

— NIH, USA

— http://afni.nimh.nih.gov/afni/download

REST (Resting-State fMRI Data Analysis Toolkit)

— Lab of Cognitive Neuroscience and Learning, Beijing Normal University,
China

— http://restfmri.net/forum/index.php



SPM (Statistical Parametric
Mapping)
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FSL (FMRIB Software Library)
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AFNI (Analysis of Functional
Neurolmages)
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REST (Resting-State fMRI Data
Analysis Toolkit)

Option: Remove Linear Trend
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Analysis tools comparison

Features

Operating
system

User interface
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Pre-processing and processing
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Activity evaluation

Active *

Signal change

REStE ¥ Standard deviation

® Use concept of normal distribution to model each
condition in BOLD signal.

®  Find which voxels have time courses that match the predicted

FESponsc.

® An unrelated brain region should have no response!
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Statistical comparison

<+Comparison between Conditions
Conditions induced by IVs (treatments or tasks)

DV: (fMRI data)

Baseline thr'EShD O Activation 1. Grpl-Grp2
™~ re

Type | arror
Type Wl errar
(1] Powaer

2. Task-Rest

Ol=0.05
H,: Null Hypothesis: no difference
H,:Alternative Hypothesis: difference exists

control

groLp
mean

Baseline

(CFF)

' treatment

groLp
mean

Activation
(O]
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Hypothesis testing in statistics

threshold

Mull hypothasis True alternative

/ Type | error
Type Il arrar
I lI (TN Power
.

g
1

Ho : ON = OFF
H, : ON * OFF

Retain H, Reject H,

Nature/Truth significance level o
H, (inactive) H, (active) < 005 (can be 0.010r 0.001)
6 T Typelerror Hit
5
T 2 a 1-B
a (false alarm) Power
I
L2 1  Correct Type Il error
n £ 1-a B
8 0 .
8 = missed
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Statistics: t-test

® Identify differences in the “means”

® Single condition (compared to 0)

T — [p ol population mean
= s: sample standard deviation

- Sf\/’ﬁ " n: sample size

Degree of freedom: (n-1)

t =

= more likely has significant difference

® Two conditions
(unequal sample size, unequal variance)

t

— — Baseline = 4.3 Task =6.3
; X, — X
Sevr . JL L
A1Xz ni + na 6.3-43 23
.67 o

2
42 v ity + 110 — 2
¥1 & X2 population mean
i & ny sample sze
Sy1»x standard deviation of 2 samples
Degree of freedom: (m + nz2 -2)

Raseline = 1.2 Task =2.2
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Statistics: correlation

® Quantify how well the data match HRF response.

® Strategy:

|.  Paradigm + fMRI data e . OOy

px & py: population mean
0x & Oy:standard deviation
Degree of freedom: (nx + ny -2)

1 Covariance

r=0.31

3. Normalization (givide by std) L
|

® Correlation coefficients

%
®  range: (-1, 1) z
: /\
. - - |
® irrelevant to amplitude R ==/ 5 10 5
A

Stmulus
1

ﬁ [ime since stimulus onset (8)

cov(X,Y) E(X - ux)Y —puy))
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Hemodynamic response function
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BOLD fMRI signal and linear model

® Hemodynamic function convolved with experiment design

/\ 2 H H ﬂ H
Predicted neural activity

HRF

time

L T T A A~ o
Predicted response >
4

predicted response = 2} fT ‘ ' i
x

l
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l

il B
> ;;1 il

time
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Basics of linear model: regression

» Regression: relationship between a response/
outcome (dependent) variable and one or more
explanatory (independent) variables (regressors)

» Simple regression: fit data with a straight line
y=a+px+e
« a is the intercept (constant), | T
B 1s the slope (like amplitude) IR
» Some statisticians just call it linear model - K

» Mathematical crystallization N

> V,=a+PX;te,ory,=a+ pXy;+... + PpXy &
»y=Xp+e X=[1, x5, % ..., X ]
» Assumption

o linearity
o white noise (independence) and Gaussianity & ~ N(0, ¢°I)

Y

L5
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Statistics: regression

® Observed data (yi) predicted response

[ ] measure imeseries

regressors (X
gr (i) at marked voxel

®  variable weighting (Bi)

®  residual noise ()
' ) ) ) Visual Auditory Mean
" Y= i+ Baltig + -0 - 4+ BpTip + &5y
!
T ] —
~ Regressors for fMRI D) )
- - q" |" _\-\
Curve fitting L~ B .| + B S— + B .
L I 2 3
- If Bis non-zero, then voxel M >
is “active” £
-~ B has amplitude info. )
Data , Unknown “parameters’
Predicted responses
“"Regressors”
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fMRI data

» Data partition: Data = Signal + Noise

~ Data = acquisition from scanner (voxel-wise time series)
o What we have

~ Signal = BOLD response to stimulus; ettects ot interest + no interest
> We don't really know the real signal!!!
o Look tor idealized components, or search tor signal via repeated trials
o Of interest: ettect size (response amplitude) tor each condition: beta
o Of no mterest: baseline, slow drift, head motion effects, ...

~ Noise = components in data that intertere with signal
o Practically the part we have don't know and/or we don't care about; that

1s, noise 1s the part we can't explain in the model
o Will have to make some assumptions about its distribution

» Data = baseline + slow drift + other effects of no interest +
response; + ... + response; + noise

19



General linear model (GLM) model
in fMR]

Data = baseline + slow drift + other effects of no
interest + response, + ... + response, + noise

Data matrix Design matrix Parameter matrix Error matrix

) = G b ﬂ

fMRI data

3
1" rows n rows V rows (voxels) " rows

(time points) by (time points) by bv M columns (time points) by
V columns (voxels) M columns (regressors) (parameter weights) V columns (voxels

20



Design matrix

* Voxel-wise (massively univariate) linear model: y = X+e
» X:explanatory variables (regressors) — same across voxels
» v:data (time series) at a voxel — different across voxels

=,

~

_—

3: regression coetficients (effects) — ditferent across voxels

» e anything we can't account for — ditferent across voxels

* Visualizing design matrix X =[xy, X, ..., Xy, ...] in gravscale

head motion
Py

Fix, Right, Left

* 3 regressors of interest (fix, right, left)

* 6 head motion regressors (3 rotations + 3 shifts)

.

20

30 40 50 &0 70

a0

i
165

stimuli Onset (for scan)

fixation 02040 60 B0 100 120 140 160
right 105090 130
left 3070110150
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Displaying statistical results:
statistical parametric mapping

Glass Brain View "

All activations are
visible in each
orientation

Three
orthogonal slices

at specific
location
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Example result of single subject in

SPM (15t level analysis)
Right Finger Tapping > Left Finger Tapping

Significant difference can be found in the left hemisphere.



Group analysis: fixed effect vs.
random effect

{A) Fixed effects

Subjects” time courses Combined time course Combined statistical map

/// / 2
¥

i
|

l\“
N X
\\
4

(H) Random effects

Subjects” ime courses Subjects’ statistical maps Combined statistical map

'




Examples of groups analysis

* Two-Sample Case

* One-Sample Case

. _ et Two groups of subjects (# = 10):
One group of subjects (# = 10) e males and females

* O dition (1 face) et
ne condition (house or tace) ettect . %
‘ : * One condition (house or face) effect

* Linear combination of multiple effects . L .
P * Linear combination of multiple effects

(house - face) 1
: (house - face)

* E.Eﬂ.ﬂl]_]-lf': Gender difference in emotion effectr

*Null hypothesis H: average effect = 0 - Null hypothesis H;: Groupl = Group?2
* Rejecting H,_ is of interest! * Results

*Results * Group difference in average effect
* Average effect at group level o Significance: t-statistic

* Significance: t-statistic
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Example result of 3 subject in SPM

(2n9 |evel analysis)
Left Finger Tapping > Right Finger Tapping

Subject 1 Subject 2 Subject 3
T 3 Y i ’ »
SPMT, ) SPMT,, } SPMIT g
4 - -

cccccc

SPIMT }
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Demo



Preprocessing i i F

Model specification,
review and estimation

IR )35 o BT AR AH AT

Results %5 5 2 #

DICOM import T.E.%|

® OO0 SPMS8 (catpin): Menu
| Realig... | | Sicetiming | [  Smooth |
| Coregi... 5| | Norma.. 1| L Segment J
[ Specify 1st-level J l Review J
[ Specify 2nd-level J L Estimate J
[ Results J
’L Dynamic Causal Modelling
Display CheckReg | | Re.. 3| | FMRI 3§
| To.. 3| PPIs ImCalc DICOM Import
Help ot 3 Batch




® OO0 SPM8 (catpin): Menu
| Realig... | | Sicetiming | | Smooth |
| Coregi... 3| | Norma.. 3| L Segment J

[ Specify 1st-level

J

Review J’

L Specify 2nd-level J |

Estimate J

[

Results

)

Dynamic Causal Modelling

| FMRI 4 |

Display ’ Check Reg ‘ | Re.. 3

To.. 4| ’

PPls

ImCalc

DICOM Import

Help

\ Util...

a

v ‘

Batch

Quit

O Preprocess

Realign: Motion correction
Slice-Timing: Slice timing correction
Smooth: spatial smoothing

Coregister: Modify A 1mage into B
image’s orientaion

Normalise: Modify A 1image into brain
template

Segment: Separate the brain image into
CSF, white matter, and gray matter parts.

O Analysis

Specify I’ -level: 15t —level analysis
paradigm design

Specify 2" -level: Group-level analysis
pattern design

Review

Estimate: Analysis pattern calculating

0 Results: Show results



Single Subject Analysis
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FREZH - xjview

e A viewing program for SPM
 http://www.alivelearn.net/xjview8/

nome dowr ad vB8.11 jevelopers publications features nanua
xjView =

a viewing program for SPM STARCH

Make your work
more productive

Developed by researchers In
top universities, xjView Is a
small yet very useful viewing
program that saves you a lot
of time when viewing fMRI
images.
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a viewing program for SPM STARCH

Make your work
more productive

Developed by researchers in
top universities, xView Is a

small yet very useful viewing
program that saves you a lot
of time when viewing fMRI
images.

b | 4R
‘9936666866
6006660000
0000000000
00000000006
Qo000 099N

E L

mv

Download v8.11

xjView has been downloaded > 15,000 times.

To run xjView you need:

1. MatLab 6.5 or above

2. SPM2, SPMS or SPMS. You need to add SPM to your MatLab path. How? In matlab, enter spm folder, then
run addpath(genpath(pwd))

Simply fill out your information and click “Submit™ button. An email will be sent to you with the download link
so please enter a valid email address.

Your name * yiping

Your institute * Dep. of CSIE, CCU

Your institute email * 'y\pmggn‘anl.(gu.edu.mi 1
Email has to be valid,
Youarea* (=) Professor

Student
Postdoc
Medical Doctor

Other

Submit



Hi, yiping,
Please download xjView at

http://www.alivelearn.net/xjview8/blog/download/

Questions? Comments? http://groups. le.com/group/xjview-discuss

Sincerely,

Cui, Xu at Stanford University #h8
Li, Jian at Peking University 262
Song, Xiaowei R (T

Download

Download the following two files (required to run xjView)

To download, right-cilck your mouse on the links below to bring up the context menu, and then click “Save

Link As” or "Save Target As”.

2. TDdatabase.mat (12M)

... and two example images (optional). They are T-test images. In SPM the T-test images are usually named
like “spmT_0001.img" etc

examplel.img (275K)
examplel.hdr (1K)
example2.img (275K)
example2.hdr (1K)

e
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- fe>> xjview
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Semart, cloud reference manages for team.
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e 00 Select image files

Dir ' /Users/catpin/Documents/MATLAB/motor_sub1/
Up . /Users/catpin/Documents/MATLAB/motor_sub1/

Prev | /Users/catpin/Documents/MATLAB/motor_sub1/
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Selected 1 file.
IUsers/catpi/Documents/MATLAB/motor_sub1/spmT_0001.img,1

BEEMNAEZRALE R TN R > L EEspmT_0001.imgtE &
PR 1% #% T Done



Xjview £ 9 &
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ann xjView slice view
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e 0 YView: /Use atpin/Documents/MATLAB/motor_subl/spmT_0001.img,1
File Edit View Insert Tools Oc ktop Window Help

¥

Only +

.—]— L %ﬂ & ,\,4 ak
289T map

N Left Corabrum I/ Parietal Lobe IV Posicentral Gyrus 1Y Gray Matter I/ teodmann area 3 [/ Posicentesl L (aal)

Msers/catpinvDocument s MATLAB/motor_subt/spnT_0001.i

my.1 [ &A“A‘ qp ‘\
Thes is a T test image TN YR >

mat = e raperoox - o \./ \-/
2 0 0 80 ,

0 2 0 Smart, cloud reference manager for team y y

0 5 3% heo paper- oo LAY 'w“\r ) r: 2 AS @@
EMension = 44 \/ \/ \./ \/ \/

79 5 68

60808888

@@@QOQQC
OQ@@@@

@ O O 0 & » »
x= 4000 y= 2400 7= 50.00 19.65

Display Intensity: All(%&#8#5), Only +(#2 8 B st E48 B 9 75 1L &)
,Only — (B EBR&T M0 EILR)



Ei a Z: ﬂ é’Jp Value threshold

»INATLAYY (L ppr »IMNATLALY
Fle 132 View Insert Tools Desktop Window Mel View Insert Tools Desktop Window Mel

WLl Corntmamn ¥ Tromied Lok 1 Pwcurtod Ciyran I Oy Nt 1 Brodimare: s 4 1 Postcariod L (wel

NG CAAUS SNCN NG CAAUS SNCs
o xS : renrct et aak s K o xS0
ovelay Thaaees Tl 3 ovolsy  Dhaanes Tl
~—e vohere  [Small volu . (commonr whow wew - voere  |Small volu . (common s whow wew
Goglay eterelly A o Ony »  Ony Ronoer. Goglay eterelly A o Oy« Oniy Ronoer.
chusher 9t © Pan Ot Redet Ou Oaw Rele Aty vz 7 Pan Ot Reldet Ou Ouw Rele
b 007 FORp 22 o, 1K Pk 0 0008 FORp 3N s 1K
. Hw , xw ; =200 1700 . W , xw =0 1700

pValue=0.01 pValue=0.0001

T AR A% FDR %31 84 pf& threshold
FDR:False Discovery Rate, /- A FWE#Znone X [ 849 £ iE



Group Analysis

o TR 1stlevel 891 EE #7145 >
O 4& 5 #7 H &single subject ¥ 7
BB R A B Y 75 AL & 3k
4 o HEE W] LABA 46 EAT AR L M
o BELA M 0 Ay =3 4
— I ST TR
— AR A P 3
- RBERER

Estimate




Specify 2nd-level
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By members & cuniversity College London Wellcome Trust Centre for Neuroimaging
Introduction | | Courses | Email list | Data | Extensions

Discussion List

Introduction

The SPM discussion list is an electronic mailing list for discussion and help with the methodology, implementation and use of
Statistical Parametric Mapping and the SPM package. The list is not moderated, but is monitored and owned by members of

the Wellcome Trust Centre for Neuroimaging.

Much of the approach and use of SPM is described in the documentation. Subscribers are urged to consult these sources,
and any local expertise, before using the discussion list as a helpline. A response from one of the SPM authors cannot be
guaranteed, due to resource limitations. Experienced list members are therefore encouraged to address issues within their
experience, posting their responses & discussion to the list for general enlightenment.

Searching archives

« Archives of SPM messages.
» Search SPM archives.

Subscription

The list is run at the UK's automated JISCmail service.

To subscribe or unsubscribe to the SPM list:

Enter your details at http://www

To send a message to all the people currently subscribed to the SPM list:

. Just send a mail to <spm@jiscmail. ac.uk> after subscription.

If you have difficulties, then have a look to the frequently asked questions about JISCmail or email the list owner at
<fiL.spm@ucl.ac.uk>, for assistance. .
http://www.fil.ion.ucl.ac.uk/spm/support/
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SPM8 (lady): Menu SPMB8 (lady): Graphics

File Edit View Insert Tools Desktop Window SPM Figure Help =

Realign (E... w Slice timing Smooth

Coregister (... w MNormslise (.. W Segment

Specify 1st-level Review SPME

Welcome to SPRIS
Specify 2nd-level Estimate:

Results Pleasz refer teo this wersion as "EPME" in papers and communications.

Oynamic Causal Modelling

SPM i= developed under the auspices of FPunctional Imaging Laboratory

A
BE e [FIL), The Wellcome Trust Centre for NeuroImaging, in the Institute of
5! I I . pe I y Check Reg Render... W FMRI - Heurology at Uniwvers=ity College London (UCL), UK.

FPI= ImCale DICOM Imiport

2 I I -— I eve I LHils.. .. t Although SPME will read image files from prewvious wersions of SFPM.

there are differsnces in the algorithms, templates and models us=ed.

Therefore, we recommend you use a single SPM wversion for any giwven
=FVIG Project.

The FPME Faleare Note= can be found online:
http: fwmme £il L donomel Jac.ukd =pmf =oftwares spmd,

FPurther information may be found at the SPMweb =ite:
http: S wmme £il L donomel Jac.ouk =pmyd

where details of the SPM email discussien list can be found:
hetp: fwwm. £1i1 _donouacl (ac.ukf =pmf suppocts

& FDT manual is also awvailable in the 'man' folder of SPM and online:
http:fwm. £1i1 Cdenouacl (ac.uk/ =pm do o/ manual _pdf

SPM i= free but copyright =oftware, distributed undaer the terme of
the GHT Feneral Public Licence a= published by the Free Software
Foundation (either wer=ion £, a= giwen in file spm_LIEEHEE_ma:n,.

or at your eoption, any later wersion). Purther detail=s on "copyleft"

can be found at http: /' wwe.gnu.ergd copylefts .

Copyright (C)] 1991,1994-2012 TWellcome Trust Centre for Neurcimaging
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Batch Editor
File Edit Wiew SPM BasiclO
O =
Module List Current Module: Factorial design specification

Factorial design ~ Help on: Factorial desian specification
Directory - 'Result\

Di re CtO ry ?\LEE_E?$$;E§ . One-sample t-test

.. Scans
Z7; $ ":H/f Covariates

. Threshold masking

_.None

_Implicit Mask

_ Explicit Mask
Global calculation

_ Omit

Current ltem: Design

Two-sample t-test
Paired t-test

Multiple regression
e aweane A BTN A

Edit Value

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

# Trn cammnlo t foct




Batch Editor

File Edit Wiew SPM BasiclO

[ = &
>BE . >BE _ — —

i D eS I g n A5 = Y Module List Current Module: Factorial design specification
) Z> i > : z - - - — .
Factorial design ~| |Help on: Factorial design specification
Directory - 'Result\

% Two-sample Directo

. Two-sample t-test

t tESt .. Group 2 scans <X
_ . Independence Yes
.. Variance Unequal
. Grand mean scaling MNo
.. ANCOVA MNo

Covariates

Masking
_ Threshold masking

Current ltem: Group 1 scans

Select Files

Select the images from sample 1. They must all have the same image
dimensions, orientation, voxel size etc.




Batch Editor
File Edit “iew SPM  BasiclO
=

Module List Current Module: Factorial design specification

Factorial design ~| |Help on: Factorial design specification
Directory __stiresulty
Design

Two-samole {-fact

.. Group 1 scans G files

B L LW
- - TR T TR TT T

. Variance Unequal
. Grand mean scaling No

GrOUp 1 \?EE: COntrOlé __ANCOVA No

\ Covariates

Group 2 7% Patient4H Masking

. Threshold masking v
Current ltem: Group 2 scans

D MRI\practice0402't_testzPO04RAmygdala_pos ~
D MRIpractice0402t_testzP0O0SRAmygdala_pos

D MRI\practice0402't_testzPO0O7RAmygdala_pos

NAMRInracticeNdAN? testizPNNARRAMvndala nns ™
£ >

Select Files

Select the images from sample 2. They must all have the same image
dimensions, orientation, voxel size etc.




Batch Editor
File Edit \iew SPM  BasiclO
Ow
Module List Current Module: Factorial design specification
Factonal design ~| |Help on: Factorial design specification
Directory
Design
- Two-sample t-test

.. Group 1 scans <X
. Group 2 scans <X

-.Ind d Y
ANCOVARYES 77 Vanance Unequal

\ e I fobr
#ENO

Covariates

Masking

. Threshold masking
Current ltem: ANCOVA

*No
Yes

Edit Value

This option is only used for PET data.

Selecting YES will specify 'ANCOVA-by-factor' regressors. This
includes eg. 'Ancova by subject’ or 'Ancova by effect’. These options

alloaar nm Aifforant cohinete o havun Aifforant ralatinnchine hohaeonn loeal




Batch Editor
File Edit \iew SPM  BasiclO
Ow
Module List Current Module: Factorial design specification
Factonal design ~| | . Two-sample ttest
. Group 1 scans <X
.. Group 2 scans <X
- . Independence Yes

.. Variance Unequal
. Grand mean scaling No

WEWEECovariates L ANGOWA

R UU?m
73 New:Covariate Vector <X

F HYLE A L Nam 5

Interactions MNone

E‘/{%F‘ﬁ }&E] ?;?iﬁ Centering _all mean

el lLLEDL L Coxariates,
New: Covariate
EEF 'Eai.-g- ‘;g“ai'ahn 4%

Delete: Covariate (1)

Edit Value

This option allows for the specification of covariates and nuisance
variables. Unlike SPM94/5/6, where the design was partitioned into
effects of interest and nuisance effects for the computation of adjusted
data and the F-stafistic (which was used to thresh out voxels where

thinrn annnarad o bho nn nffocte of intorrncett. ©ODRM Anne not nadition thn




Batch Editor
File Edit “iew SPM  BasiclO
0=
Module List Current Module: Factorial design specification

Factorialdesign ~| |..  ANCOVA
Covariates

. Covariate
e

TS

.. Centering
Masking

. Threshold masking
_.None

_Implicit Mask

_ Explicit Mask

Global calculation
Current ltem: Name

Edit Value

MName of covariate
A String is entered.
The string must have at least 1 characters.




##No centering
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File Edit View SPM
O = =&
Module List
Factonal design ~

Batch Editor
BasiclO

Current Module: Factorial design specification

- ANCOVA
Covariates

. Covariate
.. Vector

.. Name

- - INteractons

Pt
. Threshold masking
_.None
- Implicit Mask
- Explicit Mask
Global calculation

Current Item: Centering
Factor 2 mean

Factor 3 mean
*No centering
A imnmlisA boe A RTINS A

Edit Value

The appropriate centering option is usually the one that carresponds to
the interaction chosen, and ensures that main effects of the interacting
factor aren't affected by the covariate. You are advised to choose this
option, unless you have other modelling considerations.




Batch Editor
File Edit ‘iew SPM
==

Module List Current Module: Factorial design specification

Factorial design ~| | . . Intercept

Enter a value.
To clear a value, clear the input field and accept.

Accept input with CTRL-RETURN, cancel with ESC.

Covariates
. Covariate
_Vector
- Name

e

. Interactions None

. Centering

s ;Ei iE Pt )
- g =a=

...entering

_Vector

.1 double I

_Interactions MNone

Masking

Current Item: (
RAVCITT IIr=

Factor 1 m
Factor2m
Factor3m
*No centerir

The appropriate centering option
the interaction chosen, and ensu
factor aren't affected by the covs
option, unless you have other moc

Enter a value.
To clear a value, clear the input fizld and accept.

Accept input with CTRL-RETURN, cancel with ESC.

L

Cancel

™
W

Cancel
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Batch Editor
&M BasiclO

Moduleg List Current Module: Factorial design specification

Factornial design ~| | .. Intercept . Intercept
Covariates
. Covarate
.. Vector .1 double
.. Name age
.. Interactions None
.. Centering _..entering
. Covariate
.. Vector .1 double

.. Name education
.. Interactions MNone

Masking

Current Item: Centering
AV TTI=Tnd

Factor 1 mean
Factor 2 mean
Factor 3 mean
*Mo centering

Edit Value

The appropriate centering option is usually the one that corresponds to
the interaction chosen, and ensures that main effects of the interacting
factor aren't affected by the covariate. You are advised to choose this
option, unless you have other modelling considerations.
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Statistical analysis: Design

Design description...

Desi
Global calculation
Grand mean scaling
Global normyalization

Parameters :

mple test
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Drive p- v =R >EE
HI A 3R
SPM.mat

7 £a] Red - "SPM\mats

Select SPM.mat

Batch Editor

Eile Edit BasiclO
D Bﬂ. l@
%&éE@Data Module Lis Current Module: Model estimation

Model estimatiol ~ | |Help on: Model estimation

Method
. Classical
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Select SPM.mat
D \MRl\practice0402\t_testiresulf\
Up D:\MRIpractice0402\
FPrev  D:\MRl\pract '
Drive Dp-

FEFEEstimate
R HIFEZE

Select SPM.mat




SPM contrast manager

- ¥#Define new contrast

Diesign rriafrix

pararmeter estimalbility

SPM contrast manager =

ARHIFEESS[1-1] or [-1 1]
[1-1] Group 1> Group 2

[-1 1] Group 1< Group 2
Covariate[~ fy B HEFR AT PA450

Design matrix

%?ﬁ*%%gﬁ :\\‘ — — : parameter estmatility
[1-100]or[-1100]
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cument cluster | Jivanzie Bayes . DMRIREST_V1.6_130615\Templatel
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Drive p- o

Selected 1/1 files.
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SPM8 (lady): Menu SPMB8 (lady): Graphics

File Edit View Insert Tools Desktop Window SPM Figure Help =

Realign (E... w Slice timing Smooth

Coregister (... w MNormslise (.. W Segment

Specify 1st-level Review SPME

Welcome to SPRIS
Specify 2nd-level Estimate:

Results Pleasz refer teo this wersion as "EPME" in papers and communications.

Oynamic Causal Modelling

SPM i= developed under the auspices of FPunctional Imaging Laboratory

A
BE e [FIL), The Wellcome Trust Centre for NeuroImaging, in the Institute of
5! I I . pe I y Check Reg Render... W FMRI - Heurology at Uniwvers=ity College London (UCL), UK.

FPI= ImCale DICOM Imiport

2 I I -— I eve I LHils.. .. t Although SPME will read image files from prewvious wersions of SFPM.

there are differsnces in the algorithms, templates and models us=ed.

Therefore, we recommend you use a single SPM wversion for any giwven
=FVIG Project.

The FPME Faleare Note= can be found online:
http: fwmme £il L donomel Jac.ukd =pmf =oftwares spmd,

FPurther information may be found at the SPMweb =ite:
http: S wmme £il L donomel Jac.ouk =pmyd

where details of the SPM email discussien list can be found:
hetp: fwwm. £1i1 _donouacl (ac.ukf =pmf suppocts

& FDT manual is also awvailable in the 'man' folder of SPM and online:
http:fwm. £1i1 Cdenouacl (ac.uk/ =pm do o/ manual _pdf

SPM i= free but copyright =oftware, distributed undaer the terme of
the GHT Feneral Public Licence a= published by the Free Software
Foundation (either wer=ion £, a= giwen in file spm_LIEEHEE_ma:n,.

or at your eoption, any later wersion). Purther detail=s on "copyleft"

can be found at http: /' wwe.gnu.ergd copylefts .

Copyright (C)] 1991,1994-2012 TWellcome Trust Centre for Neurcimaging
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Batch Editor
File Edit Wiew SPM BasiclO
O =
Module List Current Module: Factorial design specification

Factorial design ~ Help on: Factorial desian specification
Directory - 'Result\

Di re CtO ry ?\LEE_E?$$;E§ . One-sample t-test

.. Scans
Z7; $ ":H/f Covariates

. Threshold masking

_.None

_Implicit Mask

_ Explicit Mask
Global calculation

_ Omit

Current ltem: Design

Two-sample t-test
Paired t-test

Multiple regression
e aweane A BTN A

Edit Value

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

# Trn cammnlo t foct




DesignZ=75&
Multiple regression

Batch Editor
File Edit “iew 5SPM  BasiclO
0= &
Module List Current Module: Factorial design specification

Factorial design ~| |Help on: Factorial design specification

| T P o T
L= s T

- |E|E t p E Eg ESS[UH

.. ocans <X
. Covariates
.. Intercept . Intercept
Covariates
Masking
- Threshold masking
.. None
_Implicit Mask
. Explicit Mask
Current Item: Design
One-sample t-test
Two-sample t-test
—toaited tiost
*Multiple regression
——ETTTRTT T

Edit Value

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

# Tawrn cammnlo t foct
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Batch Editor
FEile Edit “iew SPM  BasiclO
=

Module List Current Module: Factorial design specification

Factorial design ~| |Help on: Factorial design specification
Directory _rrelation\
Design

eSO

I eV i=TaF i =1
.. Intercept . Intercept
Covariates

Masking

_ Threshold masking

. None

_Implicit Mask Yes

. Explicit Mask v
Current ltem: Scans

D:\MRI\BetelINut ALFF\SSRTVC1_AP_mALFFMag ~
D:\MRI\BetelNutALFFYSSRTVWC1_RL_mALFFMap

D:MRI\BetelINUALFFISSRTCZ2_AP_mALFFMagp

NMRIRetalMitlAl FFISSRTW? Rl mAl FFMan ¥
< >

Select Files

Select the images. They must all have the same image dimensions,
orientation, voxel size eic.




L% Covariates
[/ 7#=New:Covariate

File Edit View SPM
D& || =

Module List
Factonal design ~

Covariates

Batch Editor
BasiclO

Current Module: Factorial design specification

Help on: Factorial design specification

Directory _rrelation\
Design

- Multiple regression

=i EaRs e

- inEET'L'.'EpE

Covariates

Masking

_ Threshold masking
-None

_Implicit Mask

. Explicit Mask
e snd boms: oot iatos

New: Covariate

Edit Value

0 or more options must be selected from:

* Covariate




Batch Editor

File Edit “iew 5SPM  BasiclO Enter a value.
0O = E To clear a value, clear the input field and accept.

Module List Current Module: Factorial design specification Accept input with CTRL-RETURN, cancel with ESC.

Factorial design ~| |Help on: Factorial design specific ~
Directory Y
DESiQﬂ Cancel
- Multiple regressig

.. ocans 37 files
. Covari

—__ Covariate

Llame >4
... Centering _.allmean

. |nter|:eh1' Intarcont
- . Yo
Covariate $HU 5 =]

MaSKIHQ Enter a value.

Current Iten To clear a value, clear the input fizld and accept. $E F'Z%)ré E/‘g %&
g ZL

Accept input with CTRL-RETURN, cancel with ESC.

(=]

Vector of covariate values
Evaluated statements are enter
An X-by-1 array must be entere

L

Cancel
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Batch Editor
FEile Edit “iew SPM  BasiclO
=

Module List Current Module: Factorial design specification

Factorial design ~| | . Multiple regression
.. acans 37 files
.. Covariates
... Covariate

1L

Y i -
- A TTRTTTTAS AT TT T ETT

_ . Intercept _Intercept
Covarnates

Masking

. Threshold masking

. None

_Implicit Mask
Current ltem: Name

SSRT

Edit Value

MName of covariate
A 5tring is entered.
The string must have at least 1 characters.




Batch Editor
FEile Edit “iew SPM  BasiclO
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Module List Current Module: Factorial design specification
Factorial design ~| | . Multiple regression
.. Scans
.. Covariates
... Covariate
... Vector .1 double

##ENo centering

: g A EmiA A
:l: ’féﬁ 57 \ Covariates

SN
= _:I:‘ Masking
é;‘_f‘%‘ . Threshold masking
a1l >+ . None

_Implicit Mask
Current Item: Centering

eOveraitrmeam
*No centering

Edit Value

One of the following options must be selected:
* Overall mean
* No centering
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multiple regression#HH])
#\Covariates

7 ##ENew:Covariate

Batch Editor

File Edit

0= &
Module List
Factorial design ~

BasiclO

Wiew E

SPM

Current Module: Factorial design specification

... Covariate
... . Vector

.. .. Name
... Centering

|t et

.1 double
SSRT
_.all mean

|t et

=

e RO

=

.. Vector

.. Name

.. Interactions

.. Centering

Masking

. Threshold masking
el EEEDE e Conariates

<X

<X

None

_.all mean

New: Covariate
e Ranlicata ouariata L1

Delete: Covariate (1)

Edit Value

This option allows for the specification of covariates and nuisance
variables. Unlike SPMS34/5/6, where the design was pariitioned into
effects of interest and nuisance effects for the computation of adjusted
data and the F-stafistic (which was used to thresh out voxels where

thinrn annnarad o bho o nn nffocte of intercacetys. QDA Anne not neadition thn




Batch Editor
File Edit ‘iew SPM
==

Module List Current Module: Factorial design specification

Factorial design ~| | . . Intercept

Enter a value.
To clear a value, clear the input field and accept.

Accept input with CTRL-RETURN, cancel with ESC.

Covariates
. Covariate
_Vector
- Name

e

. Interactions None

. Centering

s ;Ei iE Pt )
- g =a=

...entering

_Vector

.1 double I

_Interactions MNone

Masking

Current Item: (
RAVCITT IIr=

Factor 1 m
Factor2m
Factor3m
*No centerir

The appropriate centering option
the interaction chosen, and ensu
factor aren't affected by the covs
option, unless you have other moc

Enter a value.
To clear a value, clear the input fizld and accept.

Accept input with CTRL-RETURN, cancel with ESC.

L

Cancel

™
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Cancel
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Batch Editor
Eile Edit Wiew SPM

e d B

Module List
Factorial design »

BasiclO

Current Module: Factorial design specification

_ . Intercept
Covariates
. Covariate

. Vector .1 double
.. Name age

L b Vi Rl

_Intercept

]

- - NTO TS LI L4 Ly

.. Centering
“oyariate

__.entering

. Vector
.. Name
.. Interactions

.1 double
education
None

Masking

Current ltem: Centering
LAV TTI=ETnd

Factor 1 mean
Factor 2 mean

ﬁclLLU[ Pl I ) L=t= 11
*No centering

Edit Value

The appropriate centering option is usually the one that corresponds to
the interaction chosen, and ensures that main effects of the interacting
factor aren't affected by the covariate. You are advised to choose this
option, unless you have other modelling considerations.




Batch Editor
Eile Edi SPM BasiclO
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Module List Current Module: Factorial design specification

Factonial design ~| | . Multiple regression
.. Scans
.. Covariates
... Covanate
... Vector .1 double
.. .. Name SSRT

_ . Intercept __Intercept
Covariates

Masking

. Threshold masking

_.None

_Implicit Mask
Current Item: Centering

Overall mean
*No centering

Edit Value

One of the following options must be selected:
* Overall mean
*No centering
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Parameters

Statistical analysis: Design
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Specify 2nd-level Estimate

15E = Result
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Select SPM.mat
D \MRI\BetelNut\ALFF\Correlation\
Up D \MRI\BetelNutALFF\Caorrelation\
Prev  D:\MRI'\BetelNutALFF\Correlation\
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