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Outline

- We learned the general linear model (GLM),
preprocessing, and experimental design

- What is next:
Apply the GLMs to the preprocessed data

Note: 1st level analysis = within subject
analysis




Outline

« Statistical models according to experiment design
» Contrasts
e Operation in SPM12

— To set the parameters
— To make contrasts: T contrasts




The general linear model (GLM) family

Dependent :
Variable Regressors Analysis
— | Continuous 1+ [ > | Multiple regression
One continuous |— Categorical 1+ [ > [ANOVA
___ | Categorical Continuous | > | ANCOVA
Zalf soeice 0 between 1 within [ | Paired t-test
measures
k repeated . One-way RM-ANOVA,
Measures 0 between k-1 within [ > MANOVA
4+ repeated 0 between 2+ :
measures categorical within [
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Mass univariate approach
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1st level GLM:

single-voxel, signal subject
1. Block design
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2. Event-related design
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How to build a regressor?

« BOLD responses are delayed: peak at 4-6 s and baseline 20-30 s.
« Convolved with the hemodynamic response function (HRF)
* The linear time-invariant (LTI) system

Block design

Hemodynamic y
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Block design: one regressor of interest (e.g.
people vs. landscape)

fMRI Data Design matrix Model Residuals
parameters
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Event-related design: two continuous regressors

(people vs. landscape)

fMRI Data Design matrix Model Residuals
parameters
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Outline

« Statistical models according to experiment design

e Operation in SPM12

— To set the parameters
— To make contrasts: T contrasts
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Contrasts

Experimental conditions: people vs. landscape

— Your interest is often the difference between the two
conditions, which is “contrast”

— You can calculate the difference, sum or separately each
conditions, which are calculated by different linear
contrasts.

* We only focus on T contrast in this lecture ! !
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Design matrix in
SPM 12

Block design Event-related design /

Separately

Difference between (1 0] or [ -1 0] = “main effect Con1”

conditions
[1-1]="Con1 > Con2” [0 1] or [0 -1] = "main effect Con2”
[-11] = “Con1 < Con2” Sum

[11]or[-1-1]
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More regressors

Indicator functions
(onsets) Assumed HRF Design Matrix (X") Design Matrix (X)

S TRt PN Y/ P P
> 10T /\ 5 bl A _
I B ®/ \_/_c o
D|||||||||| INY ANV,

Tme(s) i

'11-1-1]: (A+B) > (C+D)
'1-11-1]: (A+C) > (B+D)
(1 000]: main effect of A
(11 00]: Sum of (A+B) vs the mean of the signal

O O O O
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Outline

« Statistical models according to experiment design
» Contrasts
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Simple or multiple regression, t-tests, ANOVA, ANCOVA
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SPM12

 SPM - theoretical concepts of
Statistical Parametric Mapping in
a complete analysis package.

 Run in matlab (]‘{l

CNmOuCe

 See more information: -
https://www.fil.ion.ucl.ac.uk/spm/s
oftware/spm12/
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https://www.fil.ion.ucl.ac.uk/spm/software/spm12/

4] SPM12: Menu b= | ) )

i Dl (i Operation in SPM12
}Coregister(.r.. vJ ’»NormaliseA(E_._ vJ Segment

e i e @
l (Specify 1st-leve9 I [ Review l (4] Batch Editor [E=EEE
i = — 2nd-4|e I ~ — ‘3 } File Edit View SPM BasiclO ~
Ci vel imate
” pedh A1 | DEd| b
N\ —— 2 Module List Current Module: fMRI model specification
& Results 2 WL ES el e d] | |Help on: fMRI model specificatio st
Directory <X
R 2 Timi arameters
Dynamic Causal Modelling i Unﬂg ?or design <X
_Interscan interval <X
. Microtime resolution 16
. Microtime onset 8
Display Data & Design <X |=

Factorial design

Toolbox: - DICOM Import Basis Functions

. Canonical HRF

Batch : Qult Model Interactions (Volterra)

Do not model Interactions

Copyriaht (c) 1991,1994-2014 Globa_l normalisation None ]
Masking threshold 0.8
Explicit mask o

fMRI model specification

Statistical analysis of fMRI data uses a mass-univariate approach based on General Linear Models (GLMSs). It comprises -
he following steps (1) specification of the GLM design matrix, fMRI data files and filtering (2) estimation of GLM paramaters
using classical or Bayesian approaches and (3) interrogation of results using contrast vectors to produce Statistical
Parametric Maps (SPMs) or Posterior Probability Maps (PPMs).




SPM12: parameter setting

Current Module: fMRI model specification

Help on: fMRI model specification
Directory > Result folder
Timing parameters :

- Units for design
-Interscan interval - Basic imaging parameters
. Microtime resolution
. Microtime onset / _ _ _ -
Data & Design - Design matrix: sessions & conditions
Factorial design

Basis Functions -
. Canonical HRF

.. Model derivatives

Model Interactions (Volterra) -
Global normalisation
Masking threshold
Explicit mask =

18



Current Module: fMRI model specification

Data & Design |
. Subject/Session
.. Scans > | All scan volumes <-X
.. Conditions 1
.. . Condition » | Condition 1

.. Name humans

| . Onsets <-X

| . Durations <-X =

.. Time Modulation No Time Modulation

. Parametric Modulations

. ... Orthogonalise modulations Yes
... Condition
.. .. Onsets <-X |+

@ Data estimation

=

Module List Current Module: Model estimation

Model estimation <-X k= Help on: Model estimation
Select SPM.mat

Write residuals
Method
. Classical
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SPM contrast manager

" SPM12:
- eon - . setting contrasts

### {type} : name
001 {T} : laughter > scramble | -
002 {T} : crying > scramble c
003 {T} : laughter main

004 {T} : crying main
005 {T} : laughter > crying

### {type} : name

001 {T} : laughter > scrambile |
002 {T} : crying > scramble ¢

: laughter main

: crying main

. laughter > crying

Selected 1 contrast, press "Done" |

Selected 1 contrast, press "Done" when finished.
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SPM12: result

laughter > scramble_|

contrast

]

Ip]

, -0.

SPMmip
0.5

i 50
N
D
o 100
150
200
SPMresults: . /sub-201 250
Height threshold T = 1.650434 {p<0.05 (unc.)}
Extent threshold k 0 voxels

1 2 3 4 5
Design matrix
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Ready for 2nd-level analysis

4] SPM12: Menu =3

|Realign (Esti... '] Slice timing Smooth

|Coregister(... v} INormaIise(E... v]

Segment

Specify 1st-level Review

Specify 2nd-level Estimate

Dynamic Causal Modelling

SPM for functlonal MRI

Copyright (c) 1991.1994-2014




Resources

* Principles of fMRI: htips://youtu.be/OyLKMbI9FNhg

« Spm12 manual:
https://www.fil.ion.ucl.ac.uk/spm/doc/spm12 manu

al.pdf

« Behav Res (2014) 46:596-610

23



https://youtu.be/OyLKMb9FNhg
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