GLM Analysis using FSL
(FMRIB Software Library)
using (FEAT)

(FMRI Expert Analysis Tools)

Some slides from Dr. Scott Huettel &

Chris Petty and FSL website: http://www.fmrib.ox.ac.uk/fsl/



Data Analysis: Main Components

e Within-subjects
- Preprocessing: removal/minimization of task-
independent variability

- General linear model

e Model specification: creating and evaluating a model for
brain function

e Model evaluation: testing specific hypotheses

e Across-subjects
- Aggregation of data to increase experimental power
- Inter-group comparisons
- Testing of parametric effects



FMRIB Software Library (FSL)

Created by researchers at the FMRIB in Oxford

Comprises many tools for analysis of:
- fMRI data
- Structural MRI data
- Diffusion Tensor Imaging data
Runs natively on Linux/Unix or Mac
- Runs on Windows with virtual machine (vm-ware)

Can be run via GUI or via scripts

Citation

S.M. Smith, et al. Advances in functional and structural MR image analysis and
implementation as FSL. Neurolmage, 23(51):208-219, 2004



FMRIB Software Library (FSL)

e FEAT: fMRI analysis (subject and group levels),
preprocessing

- MCFLIRT: motion correction
- FLIRT: registration
- BET: Brain Extraction Tool

« MELODIC: independent components analysis, for
model-free analyses and noise removal

e FSL View: displaying data



Preparing your data for FSL

e Convert functional and anatomical
data into correct format (nifti)

e Generate orientation matrix for

registration

e Generate “3 column files” for
behavior
- Text files with three columns: (1) When did something happen,

(2) how long did it take, (3) how much should it be weighted



Levels of FSL analysis
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GLM model
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« The rows (observations) may refer to observations at different times, to
different subjects, or to different brain locations

* The columns (x; variables) describe the condition in which the
observation was made (it may describe particular response condition,
groups, or subjects)

* v, are observed measurements, for example activations measured
different locations.

« The basic goal of the analysis is to find a way to describe the y, as
functions of the x;s



=
=
b

th [ Ya U4
945 13.25 11.23 16.4=%

.86 1026 11.13 13.62
10,17 13.90 11.74 15.13
1297 11.76 10.97 16.63
11.31 13.83 10.65 16.42
12,70 10,96 10,12 17.85
11.35 1295 11.15 13.65
1029 1212 11.56 15.96
11.82 1029 1273 14.27
1027 1245 1415 19.39
11.54 13.25 14.33 15.49

=03 8O3 14.32 16.73
11.01  11.69 10,40 17.31

202 11.52 1087  14.62
11.04  12s5 11.09 14.00

9.45 11.65 1550 17.54

T e B e T e B S Y e T B e e B S S SR e T | I = Y
el i
o Rl e B e B e Bl e Bl e B e B e R e R e R O S S o B R
== ey e = =R=R=R==

— = = = e e .
mmhmml_l:.wm o [ e T o Y EY L Y K I

Data from two stimuli presented at different times. Responses are
recorded from four locations.



GLM concept
Y, =xzph +...+xzubh+.. . 43000 + €5

o GLM explains the activation measure (response
variable) Y; in terms of a linear combination of
different stimuli (EV: explanatory variables) plus error
term.

e Y, is activation in a particular voxel at observation
(time) j

* X, is explanatory variable (stimulus) for various stimuli,
groups, or subjects =1,....,L

e B, is the Parameter Estimate (fitted value for each
stimulus)

. E is error for each observation
'FMRI-Week 6-FSL and DataAnalysis ~ ScottHuettel, Duke University
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1st Level: Data Parameters

How many runs:
-Typically do runs individually

& FEAT - FMRI Expert Analysis Tool - v5.63 M=%

First-lewel analysis _|| Full analysi= _||

_— Select the 4-d data for your run

’
Misc [—;;;;_] Pre—stats | Stats | Fost-stats | Fegistrati .
Humber of analyses |1 &l Select 4D data | / Where WI” the data be Saved?
i al
Output directory I/dat-a.—"l‘fliPEDD':'E/'FE1/2'3":'?'3'425_455-?'3‘/#“@' /
g
Total wolumes |12 Al Delete wolumes |O 2l /

| Are disdags already thrown out?

x| xi
A : ; 3
TR =2 |2, High pass filter cuboff os) 100
I - = \
S

— Self explanatory

Ga Sawve Load Exit Help Utils




15t Level: Preprocessing

-

& FEAT - FMRI Expert Analysis Tool - v5.63 =Jo/&d

) ) ) ion?
First-level analysis _|| Full analysis _|| / CorreCt fOI’ mOtlon H

Misc | Data I Pre—stats | Stats | Fost—-stats | Fezi
Motion correction: HMCFLIRT |

BO unwarping

5lice timing correctiont Interleaved 0, 2, 4 .., 1. 3, 5 ,,, 2 _|| S—— Interleaved, aSCGndlng,

G5V o stesiien il - descending, custom order
Spatial smoothing FRHM Cmm) 5 g

Intensity normalization . o Braln Only VOX6|S

Temporal filtering Ferfusion subtraction o Highpass [ Lowpass o

MELODIC ICA data exploration

Ga Save Load Exit Help Util=s




1st Level: Statistics

& FEAT - FMRI Expert Analysis Tool - v5.63 =Jo/&d

First-level analysis _|| Full analysis _||

Misc | Data | Pre—stats I Stats | Fost—-stats | Fegistration |

7 Use FILM prewhitening

Add motion parameters to model  Ho | < Want to mOdeI motlon’)

Hodel setup wizard |

Full model setup | <@ This is the only hard part
(i.e., model specification)

Ga Save Load Exit Help Util=s




1st Level: General Linear Model

How many explanatory variables?

P

£ General Linear Model

EW's= I Contrasts % F-tests l
A

Humber of original EWs I‘B ill

| e ] ] e e e ] e

EY name Imemc\r‘an

Basic shapet Custom (3 column Format) |

Filename I/data.-f'miPEDDQEHF51220¢?04EE_4E@I \
Convalutions Ganna — | Select your 3 column file
Phase (=3 Il:- ﬁ \

Stddey €52 |3 =] \
=i -
Shape of your correlation waveform

Mean lag ts/& ﬁ

A Orthogonalise

J Add temporal derivative

™ Apply temporal filtering




Contrasts

1st Level

How many zmaps? (each condition + contrasts)
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What is a contrast?

e Key concept in fMRI analysis
- Remember: fMRI provides relative measures

 We contrast terms in our analysis model to
evaluate whether they modulate the brain

differently

- Faces > Houses

- “Tapping right hand” > “Tapping left hand”
e Analogous to subtractive techniques in

psychology
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15t Level: Thresholding

=

&2 FEAT - FMRI

Expert Analysis Tool - v5.63 g@

First-lewel analysi=s | Full analysi= |

Misc I Data

Pre—threshold masking I

Thresholding
’7 Cluster | £ threshold 2,3 =l Cluster P threshold o, 0b 2
I =l =l

I Fre-stats | Stats I Fost—=ztats | EegiEtPaf:jj’l”’a’fffﬂ’
|

Contrast [masking |4—

Mask by a bitmap of some specified region

You can mask one cope by another

Rendering

Use actlial 2 mindmax — |

Transparent bloks |

Gio

Save

Load | Exit | Helg | Utils

If Cluster: Then each cluster's estimated significance level (from GRF-theory)
is compared with the cluster probability threshold.

If Voxel thresholding is selected, GRF-theory-based maximum height thresholding is carried out,
with thresholding at the level set, using one-tailed testing. This test is less overly-conservative than Bonferroni correction.



15t Level: Registration

=,

€ FEAT - FMRI Expert Analysis Tool - v5.63 M=

First-lewel analysi= _|| Full analysis _||

Mi=c | Data I FPre-=tats | Stats I Fost—=stats [ EegiEtPatiDn]

d Initial structural imaze
—Hain structural imag
| #datarmireccoB fs1/20070425_46670 raudata/ TL_ [ Your skull Stripped anatomical
r =1
Linear Hormal search _|| 12 DOF _||
—5Standard spac
Auskdlocal spackagessfslAletosstandard S avel62T1 @I
r
Linear Hormal search _|| 12 DOF _||
Go | Save | Load | Exit | Help | thilsl

Click GO to run FEAT, if you need to insert the orientation matrix, then click Save



2" [ evel: Within-subject, across-runs

Higher-level analysis — within subject

= |

& FEAT - Fiﬂl Expert Analysis Tool - v5.63 =[x

Stats + Post-stats |

Higher—lewel analysis _||

Misz I Data | | Stats I Post-stats I/n

Inputs are lowsr-lewel FEAT directories |

| _—"Inputs are your subject’s run directories

# of analyses = # of runs

Humber of analyses 1 j Select FEAT directories | <

Use lower—lewel copes: 1 [ 2 [ 32 [ 4

Output directory I/data/'u'i5mmn/¢ic|:-ntr*u:-1/4&531/9%6_0-:@' < Where dO you Want your data Saved,)
-Individual conditions will be saved within
the output directory as separate copes

Ga Save Load Exit Help |




Error in Group Analysis

o Fixed-Effects variance is “the within-
session across-time variance” estimated in
first level analysis.

« Random-Effects variance is “the cross-
session variance” in first level parameter
estimates.

 In higher level (group analysis) FEAT uses
Mixed Effects (FLAME= FMRIB Local
Analysis of Mixed Effects), which is “the
sum of fixed-Effects variance and

Random-Effects variance.
'FMRI - Week 6~ FSLand DataAnalysis ~ ScottHuettel, Duke University



2" | evel: Across-Runs:
Single group Analysis (one-sample t-test)

We have 8 subjects in one group and want the
mean group effect.

i I Genera 1 Linear Model =a% w (Gereral Linear Model =28 & (Hodel - =%
EVs ] Contrasts & F-tests | EVs [ Contrasts & F-tests ] 1
1
Mumber of E¥s |1 — Contrasts |1 2 F-ests 0 = 1
Number of groups |1 j Title EV 1
Group EV1 C1 [~ |group mean |1 %
pe e L
Input1 |1 :I |1 :I 1
Input2 |1 :: | :: 1
B I :I C1 group mezn 1
Input 4 I -' I -'

la

Inputs |1 |1 f'

Inputg |1 1

Input7 |1 _II _I
Inputg |1 _II _I

Wi design | Covariance | Done |

I o

Wiesy design Covariance | Done |




3" Level: Across Subjects

Higher level - Group

= Ff‘ir " FMRI Expert Analysis Tool - v5.63 mEx Inputs are now cope#.feat directories
/ from the subject averages (2" Level)
Higher-lewel analysis i | Stats + Post-stats ‘_A/'

Misc Data Stats Post-stats
| = | | I I

Inputs are lower-lewel FEAT directories |

#analyses = #subjects included
- Select /subj#/AVG.gfeat/cope#.feat

=
Jod |

Use lower—lewel copesi [T 1

Humber of analyses 42 Select FEAT directories

Output directory I/datafmir*eccﬂﬁfFElXHixedEFFects/emu:u @I

i

™~ Where to save results, what name?

Go Sawve

Load | Exit |

This step needs to be done separately for every condition you are interested in viewing.



3" Level: Group Effects

Unpaired two-group differences (Two-sample unpaired T-test)
We have two groups of different kinds of subjects (eg. 9 patients
and 7 COI’]tI’OlS) EV1 =include in groupl
EV2 = include in group2

- " =@%| & (Teneral Linear Hodel <@%]| @ Ttodel = @&
E¥s | Cortirasts & F-tedis | E¥s [Eonﬁm‘msm& F-tests ] i
Nomber of B¥s [z Conlvzsts [z 2 Fissten 2 1
Fumber of groups |2 - Titlp Bl Es i
Group W1 EV2 €1 I |A-B = 5=
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opua [ & [ A :
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Iipat 12 2 5 o 2 &
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kpat1d 2 5 fo S 5
Input 18 [z & Jo Ay A

(_ |mputis 2o Zf 2

View design | Covariance | Done | Wiew design Covariance | Cone |




Paired Two-group differences

(Two-sample paired T-test)
We have a group of 8 subjects scanned under

different conditions, A and B
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3-Level Analysis: Multi-Session & Multi-Subject

We have 5 subjects each have 3 sessions. Because
number of sessions is low, and cross-session variance is
required, we can put all subjects into one 2"d-Level analysis.

i Tereral emar Boced S o CTaneral e Aol 1=
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F-Tests: With 3 groups of previous subjects,
any group activating on average?

inear focel =@ %

) (TGeneral sneral L = P&

EVs | Contrasts & F-tests I EVs I Contrasts & F-tests |

Number of EVs |3 - Contrasts |3 2 Fests |1 -

Number of groups |3 3 Tile  EVI EVZ2 EV3Z  FI
Group EV1 EVZ2 EV3 C1 [ JoroupA f1 B0 &jo & T

mput1 1 21 2o 2 = €2 fpowpB o Zh Zo 5 T

Inputz |1 2 2o 2o 5 €3 [ fgroupc [0 Alfp Aff A
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inputa |1 A1 4n 4An A o TR aay

mputs [T % [ _ah s ]

npute |2 S jo H)1 =Hpo & :

nputz |2 2o &1 2o = 1

mpute [z & oA S ;

nputs |2 20 1 o & :

input1o [z A [0 4] Ag Al 2

mpu1 [5 8 Jo_2llo S :

input12 5% Jo_ 2o S s :

Inputia [3 = o o = 2 ; i

input14 [3 % Jo S i 3 1 -HERT
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View design | Covariance Done | View design | Covariance l Done I




3rd Level:

-

#* General Linear Model

EV= | Contrasts & F-tests I

EW1l

Mumkber of EWs |2 ill

Faste | GroLp
|

Input 1 1 ﬂ
Input 2 1 ill
Input 3 :L_ ill
Input 4 :L_ ill
Input & :L_ ill
Input & :L_ ill
Input 7 :L_ g
Input 2 :L_ ﬁ
Input 9 :L_ g
Input 10 :L_ ﬂ
Input 11 :L_ ill
Input 12 :L_ ill
Input 13 I:L_ f!

I—‘=|I—‘=|I—‘=|I—‘=|I—‘-|I—‘-|I4|I—‘=|I—‘=|I—‘=|I—‘=|I—‘= (=

LD LD e L e

Main and Parametric Effects

EV1 represents the main
effect across subjects.

EV2 represents some
parameter (e.g., a personality
test, age, disability scale, ets)
that varies across subjects.

) [ General Linear Model =a%
EVs [ Contrasts & F-tests ]
- -
Contrasts |2 > F-tests |0 —
Title EVi  EV2
C1 [ |groupmean 1 20 2
C2 [ |reactiontime |0 21/1 %
Wiew design Covariance | Cone |




Other groups

« ANOVA: 1-factor 3-level
- We have 8 subjects with 1 factor at 3 or 4 levels

w [ General Lireer Hodsl = -1 @ " General Liveer Hodel — Ll
EVs I Contrasts & F-tests l EVs | Contrasts & F-tests I
Numberof EVs 4 2 Contrasts (3 4 Ftests || -
Number of groups 1 3 Tie  EV1 EV2 EV3 Eva F1
Group EV1 EV2 EV3 EV4 C1 7 |level-mean jU S o o & 1
Inputi |1 A [y Alfy Al s €2 I |levelz-mean 0 20 oh Ho = T
InpucZ i1 M Ay A Al Al C3 |~ llevel3mean j0 20 S0 ST =
inputa |1 &1 ‘Ao &1 Ao &
input4 1 2|1 o 1 S 2
wputs [ 3 [ 2 26 26 2
nputé |1 E |1 2o S =hH =
put7 1 51 S0 o S0 o
Inputd |1 21 Fjo o o 5
Yiew design | Covariance | Done | Wiew cdesign Covariance | Done |




Rules for Projects

o Safety
- There should be no risk to the participant.

- You must behave professionally and conscientiously while
running your subjects.

o Simplicity and Robustness
- The task must be simple and easily programmed.

- The design should be simple, ideally blocked with few
conditions.



Imaging Cognition Il: An Empirical Review of 275
PET and fMRI Studies
A review 275 PET and fMRI studies of:

Attention (sustained, selective, Stroop, orientation, divided)
Perception (object, face, space/motion, smell),
Imagery (object, space/ motion)

Language (written/spoken word recognition, spoken/ no
spoken response)

Working memory (verbal/numeric, object, spatial, problem
solving)

Semantic memory retrieval (categorization, generation),
Episodic memory encoding (verbal, object, spatial)

Episodic memory retrieval (verbal, nonverbal, success,
effort, mode, context)

Priming (perceptual, conceptual)

Procedural memory (conditioning, motor, and nonmotor skill
learning).



New feasible Proposals

e Cortical thickness measurement for
cognitive status and neuro-degenerative
disease

e Connectivity evaluation in cognitive
status and neuro-degenerative disease
(eg. Epilepsy)

e Evaluation of Pre-frontal dementia for

changes in attention, Language, and
memory



Much More Info on FSL

FEAT Expert Guide

http://www.fmrib.ox.ac.uk/fsl/feat5/detail. html

FSL Course Slides
http://www.fmrib.ox.ac.uk/fslcourse/

More Expert Guidance

http://fsl.fmrib.ox.ac.uk/fsl/feat5/



http://www.fmrib.ox.ac.uk/fsl/feat5/detail.html
http://www.fmrib.ox.ac.uk/fslcourse/
http://fsl.fmrib.ox.ac.uk/fsl/feat5/
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