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Teaching Materials

* http://www.ym.edu.tw/~cflu/CFLu_course_fMRlana.html

* Please download...

 Week 8: Brain Activation — General Linear Model Il
<Materials >fMRIlana08 materials.zip

 The same fMRI data in Week 6
<Materials >fMRIlana06 _materials.zip
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Employed Softwares

* MRIcro
* https://people.cas.sc.edu/rorden/mricro/mricro.html#linstallation

* https://www.mccauslandcenter.sc.edu/crnl/mricro

e Statistical Parametric Mapping (SPM 12)
* http://www.fil.ion.ucl.ac.uk/spm/

 xjView (A viewing program for SPM)
 http://www.alivelearn.net/xjview/download/

[Caution] File name\path contains Chinese character or space may cause error!
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SPM Subject Analysis — 1st-level

http://www.ym.edu.tw/~cflu/CFLu_course_fMRIlana.html
Week 7: Brain Activation — General Linear Model |
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fMRI Protocol

e Siemens 3T MAGNETOM Trio Scanner @ NYMU, 32-channel head coil
* Single-Shot 2D EPI (GRE-EPI), T2* weighting
* Repetition Time = 2000 ms

* Echo Time =20 ms
* Flip Angle = 70~90° 3.44 x 3.44 x 3.40 mm?3

* NEX=1 Voxel time courses
* Slice thickness = 3.4 mm .

* Field of View =220 x 220 mm?

* Matrix size = 64 x 64

* Slice number =40

* Volume number (depends on experiment design)

Chia-Feng Lu http://www.ym.edu.tw/~cflu 7



BOLD-fMRI Preprocessing

http://www.ym.edu.tw/~cflu/CFLu_course_fMRlana.html
Week 6: Image Preprocessing of fMRI

 Standard preprocessing steps for fMRI
* Slice timing

Realignment

Co-registration (with anatomical images)

Normalization

Smoothing

* Segment (tissue classification; optional)

https://www.fil.ion.ucl.ac. uk/spm/ S

Chia-Feng Lu, alvin4016@ym.edu.tw
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135465

216548 N Visual Cortex

135465

Block Design MRI

e BOLD fMRI:
Os 330s One session of task

(visual stimuli)

5 tasking blocks (duration = 30s) with resting interval (30s)
Chia-Feng Lu http://www.ym.edu.tw/~cflu 9



uroimage Blomarker Analysis

The Model of General Linear Model (GLM) é% NIBYA

Finding the linear combination of these hypothetical time series "best” fits the data.

Measured BOLD signals

Voxel time courses

duimopeys uollesauan

P e SN

Measured "Known” "Unknown” parameters
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Parameter Estimation é% N
L

Beta value represents the association between a condition design and the
measured BOLD signal.

duimopeys uollesauan
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Parameter Estimation @% NBA
) N

uroimage Blomarker Analysis

Same model for all voxels.
Different parameters for each voxael. Beta map for each task condition

Condition #1: beta_0001.img

-
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Specify 1st-level Model

4 SPM12 (7219): Menu =n HoE <™ Current Module: fMRI model specification
_ Help on: fMRI| model specification
Realign (Es... = ‘ Slice timing | ‘ Smooth ‘ Directgr}f <X
Coregister . v: Normalise (... -: ‘ Segment ‘ Tlmlng parame_ters
. Units for design <-X
. Interscan interval <-X
| Specify 1st-level || Review \ . Microtime resolution 16
| Speciyonddevel | [ Estmae ~Microtime onset
Data & Design <-X
[ Resuts | 'Fac_turlal design
Basis Functions
‘ Dynamic Causal Modelling ‘ . Canonical HRF
. . Model derivatives No derivatives
Model Interactions (Volterra) ...model Interactions
| Display | | CheckReg | Render_. v| FMRI v Global normalisation None
| Masking threshold 0.8
Toobox: v/ | PPls | | Imcac | picom impori Explicit mask
utils.. > Baen [ quit | Serial correlations AR(1)
b://www.ym.edu.tw/~cflu 13




Specify 1st-level Model

e Condition
e Name = 1-Back or 2-Back
e Onsets =[16 46 76 106 136]
* Durations =15

 Multiple regressors (rp_*.txt)

* Units for design = Scans

* Interscan interval =2

* Microtime resolution = 40 (Slice number)
 Microtime onset = 1 (Reference Slice)

1 Back

Session of 1-Back
(165 volumes)

15

15

15

1 Back

15

15

1 Back

15

15

1 Back

15

15

1 Back

15

15 Scans

16

Session of 2-Back
(165 volumes)

31

46
2 Back

61

15

15

76
2 Back

91

15

15

15

106
2 Back

121

15

15

136
2 Back

151

165
2 Back

15

15

15

15  Scans

Chia-Feng Lu
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Specify 1st-level Model

* Data & Design
 Subject/Session
* Conditions

Data & Design

Current Item: Data & Design

New: Subjoct/Session
Replicate: Subject/Session (1)
Replicate: Subject/Session (2)
Delete: Subject/Session (1)
Delate: Subject/Session (2)

. Subject/Session (1) |

. . Scans <-X I
.. Conditions
. Gondition
| . Name _ 1-Back|
. Onsots 5x1 double
. Durations . Subject/Session (2)
. Time Modulation . Scans <-X
. Parametric Modulation{™  Condiions
. Orthogonalise modulatl . . Condition
. Multlple conditions . Name 2-Back
. Regressors . Onsets 5x1 double
. Multiple regressors " Durations 15

. High-pass filter

Load Nback_fullmodel.mat

Chia-Feng Lu

. Tims Modulation
. Paramestric Modulations

Mo Time Modulation

. Orthogonalise modulations Yos
: Multlple conditions
. Regressors
. . Multiple regressors
. High-pass filter 128

http://www.ym.edu.tw/~cflu

15




Statistical Analysis:
Design

Including both 1-Back and
2-Back datasets.

Chia-Feng Lu

Sn(1) 1-Back"bi{1)

parameter estimability

. waf001-0005-00001-00000101.nii, 1
..waf001-0005-00012-000012-01 .nii,1
..waf001-0005-00023-000023-01.nii, 1
..waf001-0005-00034-000034-01.nii, 1
.waf001-0005-00045-000045-01.nii, 1
..waf001-0005-00056-000056-01 .nii, 1
..waf001-0005-00067-000067-01.nii, 1
.waf001-0005-00078-000078-01.nii, 1
.waf001-0005-00089-000089-01.nii, 1
..waf001-0005-00100-000100-01 .nii,1
..waf001-0005-00111-00011101.nii, 1
. waf001-0005-00122-0001 22401 nii 1
. waf001-0005-00133-00013301.nii, 1
..waf001-0005-00144-000144-01 .nii 1
..waf001-0005-00155-00015501.nii, 1
.waf001-0006-00001-00000101.nii 1
. waf001-0006-00012-000012401.nii 1
..waf001-0006-00023-000023-01.nii, 1
..waf001-0006-00034-000034-01.nii, 1
..waf001-0006-00045-000045401.nii, 1
..waf001-0006-00056-000056-01.nii, 1
..waf001-0006-00067-000067-01.nii, 1
..waf001-0006-00078-000078-01.nii, 1
..waf001-0006-00089-000089-01.nii, 1
.waf001-0006-00100-000100-01.nii, 1
..waf001-0006-00111-00011101.nii, 1
..waf001-0006-00122-00012201.nii, 1
. waf001-0006-00133-00013301.nii, 1
..waf001-0006-00144-000144-01.nii, 1

. waf001-0006-00165-000165401.nii, 1

{gray — (3 not uniquely specified)

narker Analysis




Estimate Model

4 SPM12 (7219): Menu

oo ) |

Realign (Es... = ‘ Slice timing | ‘ Smooth ‘
Coregister .. v Nnrmalise{...v: ‘ Segment ‘
‘ Specify 1st-level ‘ | Review
‘ Specify 2nd-level ‘ Estimate
| Results |
‘ Dynamic Causal Modelling ‘
SPM for functional MR/
| Display | | CheckReg | Render . v [ FMRI v
Toobox. /[ PPs | [ Imcac | picom impor
utis. v [ Baten ||| aqut |

BA

Laboratory of Neuroimage Blomarker Analysis

Current Module: Model estimation

Help on: Modsol estimation
Select SPM.mat
VW rilo residuals
Method

. Classical

...process\NBACK\SPM.mat

b://www.ym.edu.tw/~cflu
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Laboratory of Neuroimage Blomarker Analysis

|ZBack-1 Backl

Review Results I

~—

6]

_‘

SFEMmup

50

|_i.f1 _].:,I_

@) @ 100
#HE hipe) | name 150
) :__ L - N S ... 250
e SPMresults: \proces
= = Height threshold T = 300
= — Extent threshold k = 30 voxels
m= 5 10 15
Design matrix
Statistics: p-values adjusted for search volume
sel-level cluster-level peak-level e M mm
p ¢ Prwecor IroRorr  Xe  Puncon  Prwe<cor JFoRoon | (Z))  Pyncon
0.000 2 0.000 0.000 92 ©0.000 0.000 0.027 6.51 6.29 0.000 46 40 26
0.002 0.226 5.78 5.62 0.000 38 56 30
0.000 0.000 50 0.000 0.000 0.050 6.18 6.00 0.000 28 2 68
0.015 0.468 5.42 5.29 0.000 18 -4 78
0.027 0.646 S5.31 S5.18 0.000 22 10 €8

table shows 3 local maxima more than 8.0mm apart

Diona" when finie

P Height threshold: T = 5.18, p = 0.000 (0.050) Degrees of freedom = 1.0, 304.0]

Extent threshold: k = 30 voxels, p = 0.000 (0.000) FWHM =6.9 6.8 6.5 mm mm mm; 3.4 34 3.3 {voxels}
Expected voxels per cluster, <k>=0.943 Volume: 1970176 = 246272 voxels = 5966.8 resels
Expected number of clusters, <c>=0.00 Voxel sze: 20 2.0 2.0 mm mm mm; (resel = 38,17 voxels)

Chia-Feng Lu http://ww_FWEp: 5179, FDRp: 6.184, FWEC: 1, FDRc: 22 18




i 1 Back & 2 Backi

D,
R e R I contrast D
eview Results -
FWE, p<0.05 L 5
SPM{T., .} 10
304 150
200
' o 250
SPMresults: \processiNBACK
i {typel | Rame Height threshold T = 5179337 {p<0.05 (FWE)} 300
. Extent threshold k = 30 voxels
00 1 T -2 Back - 1 Back " 10 15
Design matrix
Statistics: p-values adjusted for search volume
set-level cluster-level peak-level -
e ¢ pF'nhE—cm qF[lR-om kE ptn'.m pF'M-Z—cm qF[!R-om T {ZEJ ptn'.m

0.000 12 0.000 0.000 8342 0.000 0.000 0.000 12.38 Inf 0.000 12 -62 66
0.000 0,000 12.23 Inf  0.004 26 -§2 52

0.000  0.000 12.21 Inf  0.000 26 -60 44

0.000 0.000 2749 0.000 0.000 0.000 11.82 Inf 0.000 &0 20 30
0.000  0.000 9.20 Inf  0.000 46 26 24

0.000  0.000 9.14 Inf  0.000 50 & 32

0.000 0.000 1863 0.000 0.000 0.000 .89  Inf 0.000 -60 18 3§
0.000  0.000 .88 Inf  0.000 =56 14 48

0.000  0.000 .72 Inf 0.000 -38 z 62

0.000 0.000 1131 0.000 0.000 0.000 .55  Inf 0.000 -32 -66 -22
0.000  0.000 L2100 7.79 0 0.000  -40  -52 -2§

4.000 0,000 L8B3 7047 00000 -5 -a0 -8

0.000 0.000 276 0.000 0.000 0.000 0.000 2 14 58
.00z 0.081 L7800 5063 0,000 -2 20 44

0.003  0.105 .72 5.57  0.000 -8 18 58

0.000 0.000 11% O0.000 0.000 0.000 .29  7.00 0.000 52 -42 18
0.000 0.004 .45 .24 0.000 46 -38 28

0.000 0.000 120 O0.000 0.000 0.000 .29  6.9% 0.000 -34 -68 -52
0.000  0.000 .10 §.83  0.000 -22 -G6 -48

0.000 0.000 72 0.000 0.000 0.000 7.21 &.%2 0.000 -66 -34 1é&

fable shows 3 local maxima more than 8.0mm apart

ESEEN I S T - B ]
r
L=
H
=]
L]

Height threshold: T=5.18, p =0.000 {0.050) Degrees of freedom = [1.0, 304.0]
Extent threshokd: k= 30 voxels, p = 0.000 (0.000) FWHM = 6.9 6.8 6.5 mmmm mm; 3.4 34 3.3 {voxals}

Chia-Feng Lu http;//w Expected vaxels per cluster, <k> = 0.943 Volume: 1970176 = 246272 voxels = 5966.8 resels 19
Expected number of clusters, <c>=0.00 Yoxel size: 20 2.0 2.0 mm mm mm; {resel = 38.17 voxels)

FWEp: 5179, FDRp: 5.903, FWEc: 1, FDRe: 5 Page 1
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SPM Group Analysis — 2nd-level

http://www.ym.edu.tw/~cflu/CFLu_course_fMRIlana.html
Week 8: Brain Activation — General Linear Model Il

Chia-Feng Lu http://www.ym.edu.tw/~cflu

21


http://www.ym.edu.tw/~cflu/CFLu_course_fMRIana.html

Two-stage “Summary Statistic” approach

15--level (within-subject)

13
(82) _>
I,
(62) _)

g, r
(62%) IF._)
le,

(62y) ﬁ e
"

(6%) ﬂ_)

I6,
(6%) lf. -

A . :
c-,, = within-subject error

contrast images of cf;

| 2nd_level (between-subject)

ig® -
. ]
*-:Im’ One-sample : Bl N6 subjects
P t-test | (error df =5)
rr... ."ﬂ |
-
__..! > i L o ; . =
".! ' | Lﬁ = ‘:.?’-fﬁ}.,_

| —> S TP < 0.001 (uncomected)
.:::v ? T SPM{f}
<P pop L
P
W _
1 WHEN special case of #
5&%‘ independent observations per

subject:

var(B,. ¥ =c%,/ N + o,

Quoted from Irma
Kurniawan’s lecture
“2nd level analysis —
design matrix,
contrasts and
inference”




Statistical Inference on Group Data

con_0001.nii of Subject #5
con_0001.nii of Subject #4
con_0001.nii of Subject #3

con_0001.nii of Subject #2 fMRlana08_materials\Data

Bl_1Back

Bl 2-1Back
Bl 2Back
HC_1Back:
HC_2-1Back
HC 2Back

3 & & O O (O

Chia-Feng Lu http://www.ym.edu.tw/~cflu 23



Specify 2nd-level Model

NBA

Laboratory of Neuroimage Blomarker Analysis

4 SPM12 (7219): Menu o 3
Realign (Es... = ‘ Slice timing | ‘ Smoath ‘
Coregister ___ v: Normalise (... ": ‘ Segment ‘

‘ Specify 1st-level ‘ | Review

| Specify 2nd-level ||

Estimate

‘ Results ‘

‘ Dynamic Causal Modelling

l Display ] ICheckReg] Render..... v:

FMRI

-

Toolbox- v[ PPIs

| /[ imcakc | picomimpor

Batch

2 |

I qui

l

Current Module: Factorial design specification

Help on: Factorial design specification

. One-sample t-tost
.. Scans

Covariates

Multiple covariates
Masking

. Threshold masking
.. None

. Implicit Mask

. Explicit Mask
Global calculation

. Omit

Global normalisation
. Overall grand mean scaling
.. No

. Normalisation

Yos

r\It:rnE:pz4|




Specify 2nd-level Model

Current Module: Factorial design specification

Help on: Factorial design specification ‘<

Dirocto <=
. %%ne—samp!e !-!95!

.. Scans {-V

Covariates Current Item: Design
Multiple covariates

Masking ‘
: Tl‘1.resht}|d maski Two-sample t-tost Ex: Difference of 2-Back brain activations between

Paired t-test healthy controls and brain Injury patients.
Multiple regression
One-way ANOVA To identify the activation maps that

To identify the activation maps that
/ consistently present across subjects.

Ex: 2-Back brain activations in healthy controls.

To identify the activation maps that
significantly different between two groups.

One-way ANOVA - within subject significantly different between two conditions.
Ful _faCtonal - Ex: Difference of brain activations between pre-
Flexible factorial

and post-treatment conditions in brain Injury

patients.
Chia-Feng Lu http://www.ym.edu.tw/~cflu 25




Specify 2nd-level Model — one sample

To identify the 2-Back activation that consistently present across HC subjects.

Current Module: Factorial design specification HC_ZBack

Help on: Factorial design specification e e A
Directory ...aterials\Data o

Dosign - ONN
| ¥

. One-samplo t-tost

T [ Y[ Data\HC_2Back
GCovariates = .

MUItIpIE Gﬂvariates T SPM contrast manager E@@ .'I'. Lod .. Il
BAaclive Select contrasts...

{{Q} Econtrasts Fconfrasts  all ‘ — —

# fhoel | name contrast(s) U , 5 -

001 1T} HC_2Back N i - Ny

p<0.001 without FWE
Cluster > 30 voxels

Chia-Feng Lu http://www.ym.edu.tw/~cflu 26



Specify 2nd-level Model — two sample

To identify the difference of 2-Back brain activations between HC and Bl subjects.

Current Module: Factorial design specification
2-Back HC>mTBI

Help on: Factorial design specification
Directory <-X S O S N T O R 0
Design B 4 - Y ' "
. Two-sample t-test e " |
.. Group 1 scans 10 files |Data\HC_2Back . A
. Group 2 scans RSN Data\Bl_2Back PN W B o]
. | ol L1 -

: $;r?§r?:;ence 4 SPM contrast manager E'E'@ 5 .',-{.J, g '.'n*' ’

. - Grand mean scal Select contrasis...

. st - - T
L ANGCOVA '@/ t-confrasts || F-confrasts Ll G
mvariatoc i {type} - pame contrast(s) T
001 {T} : 2-Back HC>mTE
(N — i
002 {T}: 2 Back HC<mTEl @ = BNk 4 SPM{T1 B}
$
; L]

p<0,01 without FWE
Cluster > 30 voxels

Chia-Feng Lu http://www.ym.edu.tw/~cflu 27



Specify 2nd-level Model — One-way ANOVA - within subject

Specify 4 files for each subject.

C t Module: Factorial desi ificati ..
pre Tofe TaTTona Teman speeTesTen Conditions [1 2 3 4] represent there are four repeated

H_elp on: Factorial design specification = scans for each subject. o . .
— Directory c:\Temp 7— Statistical analysis: Design =™

Design

. One-way ANOVA - within subject / Totally 12 files from 4 Scans for each subject
W different conditions (Groups) (Repetition)
....Scans 4 files g & £ £ 015 3 ¥

_. .. Conditions [1234] § & & & | 3 3 3

... Subject Subject #2 IDatal
. ...Scans 4 files [

.. .. Conditions [1234] Bl
... Subject Subject #3 [Datal
. ...Scans 4 files Datal
.. .. Conditions [1234]

. . Independence No e
.. Variance Unequal ataBl,
. . Grand mean scaling No

ANCOVA N~ isia

Current Item: Subjects Datall
New: Subject — . : : ; I
Replicate: Subject (1) Press New.. Subj.ectt. dd in a subjec Datal
Replicate: Subject (2) (three subjects in this example) [ bl
Replicate: Subject (3) | Datal
Delete: Subject (1)

Delete: Subject (2) i - /Datal

narametare



Factorial Design (1/2)

 Combining two or more factors within a task and looking at the effect
of one factor on the response to other factor.
N-back Load (1/2)

Viewing Naming

* Main effects ?
 Main effect of task: - i A1 AZ

(A1+B1) — (A2+B2) <6

* Main effect of stimuli: 5L
(A1+A2) — (B1+B2) 5¢ Bl | B2

Chia-Feng Lu http://www.ym.edu.tw/~cflu 29




Factorial Design (2/2)

 Combining two or more factors within a task and looking at the effect
of one factor on the response to other factor.
N-back Load (1/2)

Viewing Naming

Al | A2

* Interaction of task and stimuli
 (A1-B1)-(A2-B2)
or (A1-A2)—-(B1-B2)
Does not make the assumption
of pure insertion.

Gray-level

Group (A/B)

Bl | B2

Color

Chia-Feng Lu http://www.ym.edu.tw/~cflu 30




Factorial design

Design
. Full factorial
. . Factors
.. . Factor
. ... Name Group
....Levels 2
... . Independence Yes
.. .. Variance Unequal
. ... Grand mean scaling No
... Factor
. Name N-Back load
. Levels 2
. Independence ||.. Cells
. Variance ... Cell
. Grand mean scg| . . . . Levels [11]
. ANCOVA ....Scans 10 files ‘é,
.. Cell £
... Levels [12]
....Scans 10 files
.. Cell
... Levels [2 1]
....Scans 10 files
.. Cell
... Levels [2 2]
Chia-Feng Lu - - Seans 10 files w/~cflu
. Generate contrasts Yes

Group™-Back load, |

Laboratory of Neuroimage Biomarker Analysis

&%) A

Statistical analysis: Design

i

Group™-Back load,
Group*M-Back |{)Eld2
Group*M-Back |{)Eld2

./ Data/HC _1Back/Sub01_con_0001.ni
.{Data/HC _1Back/Sub03_con_0001.ni
.{Data/HC _1Back/Sub05_con_0001.nii
./Data/HC _1Back/Sub0T_con_0001.nii
.{Data/HC _1Back/Sub09_con_0001.ni
.{Data/HC _2Back/Sub01_con_0002.nii
.{Data/HC _2Back/Sub03_con_0002.nii
./ Data/HC _2Back/Sub05_con_0002.nii
./Data/HC _2Back/Sub07_con_0002.nii
./Data/HC _2Back/Sub08_con_0002.nii
./Data/B1_1Back/Sub01_con_0001.ni
./ Data/BI_1 Back/Sub03_con_0001. ni
./Data/B1_1Back/Sub05_con_0001.ni
.{Data/B1_1Back/Sub07 _con_0001.ni
.{Data/BI_1 Back/Sub09_con_0001. ni
./ Data/Bl_2Back/Sub01_con_0002. ni
./ Data/Bl_2Back/Sub03_con_0002. ni
./Data/Bl_2Back/Sub05_con_0002. ni
./Data/Bl_2Back/Sub07 _con_0002. ni

.{Data/B1_2Back/Sub10_con_ 0002, ni

parameters
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THE END
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