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Preprocessing on SPM
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DICOM, NIfTI & SPM

- DICOM (Digital Imaging and Communications in Medicine, 1993)
Current standard communication protocol used for the capture,
storage and transmission of medical images and related data

- NIfTI (Neuroimaging Informatics Technology Initiative, NIH, 2003)
A comprehensive data format used by imaging software but
without a communication protocol

- SPM (Matlab, 1991) \7a
One of the software specialized in analyzing NifTl images =




Preprocessing: why is it needed?

e fMRI Returns a 3D array of voxels repeatedly sampled over time, with
changes in activation in each voxel correlated with experimental task

« Key Assumptions:

1) The voxels need to come from the same part of the brain
2) All voxels must be acquired simultaneously

« Assumptions violated:

1) Brain moves in the scanner
2) The last slice is acquired TR seconds after the first slice

e Problem: These sources of variance lower the signal-to-noise ratio

e Solution: Preprocessing such as slice-timing correction (assumption
2), realignment of images (assumption 1), etc.




Data processing pipeline

Structural (T1)

Coregister
to func

Functional image
time series

» Denoise
* Slice tlmlng
» Realign (1)
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template = Parameters - gpace

Apply
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Preprocessing

To minimize the
influence of data
acquisition and
physiological
artifacts

To check statistical
assumptions and
transform the data
to meet assumptions

To standardize the
locations of brain
regions across
subjects to achieve
validity and
sensitivity in group
analysis.




Pipeline: 1. DICOM to NifTI
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Pipeline: 2. Visualization nepect functional images

Inspect anatomical images

4dd Delay...

Look out for noise, transient
artifacts, ghosting, dropouts,

Look out for artifacts, such as etc.

ripples. They may be caused
by subjects moving too much
in the scanner




Pipeline: 3. Artifact removal (optional)

Detection of Bad Volumes (art_global)

ArtifactRepair GUI to repair outliers and identify scans to deweight
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* (Can also be done at the end of preprocessing

 Beware, previous versions included a script error that needed correction by-hand
https://cibsr.stanford.edu/content/dam/sm/cibsr/documents/tools/methods/artrepair-software/ArtRepairOverview.pdf




Pipeline: 4. Field Map

fMRI data is usually acquired via Echo Planar
Imaging (EPI) for rapid acquisition times. The
sequence acquires large amounts of gradient
echoes in one TR cycle by rapidly alternating
frequencies.

However, EPI is more sensitive to spatial
disturbances (inhomogeneity) of the magnetic field,
induced by ferromagnetic components of the
magnet or the patient. The result is varying image
quality + artifacts.

A fieldmap is a measure of such deviations. We use
the Fieldmap toolbox to address the difference
between two echoes, and to correct the distortions.
The file will be used later in the preprocessing.

More at FSL Course: EPI Distortion Correction and
Registration:
https://www.youtube.com/watch?v=DfGIZcEvQus
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fMRI parameters example

Routine
Slice group 1
Slices 52
Dist. factor 10 %
Position L0.4 P3.6 H8.4 mm
Orientation T>C-252>3512
Phase enc. dir. P>=A
AutoAlign Head > Brain
Phase oversampling 0 %
FoV read 210 mm
FoV phase 100.0 %
Slice thickness 2.40 mm
TR 1600 ms
TE 30.00 ms
Multi-band accel. factor 2
Filter Prescan Normalize
Coil elements HC1-7
Contrast - Common
TR 1600 ms
TE 30.00 ms
MTC Off
Magn. preparation None
Flip angle 75 deg
Fat suppr. Fat sat.




Pipeline: 5. Slice timing

Correcting assumption 2:

* We construct brain volumes by sampling multiple __
slices of the brain during each individual = Sice 2
repetition time (TR) Slice 3

» Each slice is sampled at a slightly different time 1 2 3 4 5
points

@ Slice 1
« Slice time correction shifts each voxel's time series f:::z:i ,./\/

so that they all appear as sampled simultaneously. —

' Temporal Interpolation
Can be corrected using \ « Use information from nearby time points to

temporal interpolation. o0 a1 estimate the amplitude of the MR signal at
i 2 3 4 5 the onset of each TR




Pipeline: 6. Registration (Realign & unwarp)

Correcting assumption 1: Realignment via linear transformations:

« When analyzing the time series associated with a * Rigid body (6 DOF) — translation, rotation
voxel, we assume it depicts the same region of the « Similarity (7 DOF) — translation, rotation,
brain at every time point global scaling

- Movements such as head motion may make this « Affine (12 DOF) — translation, rotation, scaling
assumption incorrect and Shearing

We correct that by looking for the best possible Unwarping:

alignment between an input image and some target Non-linear transformation to modify shape

image (i.e., registration):

Translation Rotation

 We define a target image, usually defined the first or
mean image in the fMRI time series
« The goal is to find the set of parameters which

minimizes some cost function that assesses
similarity between the image and the target
« To align the two images, one of them needs to be

transformed via rigid body functions or non-linear
functions

Scaling Shearing




Pipeline: 7. Coregistration

We coregister the functional images to the structural image:

— Allows one to visualize single-subject task activations overlaid on the individual’s anatomical
information

— Simplifies later transformation of the fMRI images to a standard coordinate system




Pipeline: 8. Check registration and corrections

C  Rating guide

Unflagged Flagged
Mismatch Mismatch

A Brain Salices

Fail
One tag Two or more
adjacent tags

L

Or
more thanone  blurry image
un-adjacent tags




Pipeline: 9. Segmentation (tissue probability maps)

The brain is composed of two main tissue types:
« Grey matter (containing high densities of unmyelinated neurons)
« White matter (containing high densities of myelinated neurons).

« The brain is also surrounded by cerebrospinal fluid (CSF), and large amounts of CSF are
contained in internal spaces within the brain called ventricles.

Knowing which voxels belong to which tissue type can assist in the next steps of preprocessing
(Normalizing the anatomical image, warping it to match a template in standardized space).

SPM has images of six tissue priors representing their best guess as to which voxel in
standardized space belongs to which tissue type. Accurately mapping the tissues of our
anatomical image to the tissues of the template will increase the accuracy of our registration.

Why six? Because the anatomical image also contains non-brain tissues:

 Soft tissue (e.g., dura mater)

 Skull

 All other tissues not captured by any of the above; usually air inside the sinuses and outside
the brain, or abnormal tissue, such as tumors




Pipeline: 10. Normalization

* All brains are different. The brain size of two
subjects can differ in size by up to 30%

* There may also be substantial variation in the
shapes of the brain A —
* Normalization allows one to stretch, squeeze
and warp each brain so that it is the same as
some standard brain

The structural MR image used in the coregistration
procedure is warped onto a template image

Normalized T1 in
standard space

PROS

- Spatial locations are consistent High-res T1 /
* Results can be generalized to larger population

» Results can be compared across studies.
* Results can be averaged across subjects

Brain Atlases

¢ Montreal Neurological Institute (MNI)

CO N S - Combination of many MRI scans on normal controls (152

. . in current standard).
* Reduces spatial resolution
* Introduces potential errors

- All right-handed subjects.

— More representative of population.




Pipeline: 11. Smoothing  eros

May overcome limitations in the
normalization by blurring any residual
anatomical differences

« can cancel out the noise and enhance
the signal, increasing the signal-to-
noise ratio (SNR)

* May increase the validity of the
statistical analysis

» Required for Gaussian random fields

Because spatial normalization across subjects is imperfect,
activations in e.g., hippocampus will not line up perfectly in a
group analysis.

Spatial smoothing consists in averaging over nearby voxels
(e.g., 4mm, 10mm) so it is more likely that activations
overlap and therefore are detected.

CONS
« The image resolution is reduced

original 4 mm FWHM 6 mm FWHM 8 mm FWHM

Smoothing consists in applying a Gaussian filter to voxels:
 We choose a kernel size for the Gaussian filter, called FUHM
full width at half maximum (usually 3*voxel size)

« The data is averaged over the width of the FWHM. FIHM
o 2\/@




Contrasts on SPM
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Statistical analyses
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erimental Design
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Data Analysis

Localizing
Brain Activity

Connectivity

Prediction

.

Sources: Martin Lindquist and Tor Wager — Principles of fMRI (discontinued)




GLM analysis process

Anatomical
localization and
inference

Task parameters B2 “girst lovel” crast i:na .
and timing =5 L2 i Single-subject E> 9 Group
= = == GLM GM
=t B||[ 2 |® v R
{3"
TE

Wl
Y
Py

Slope/activation ﬁ

™
A " bout ) = estimates XA
Ssunrgﬁrﬁlsng ol ﬂ Regressors OWer subj?fts
hemodynamic Design matrix _%DD_ “.
responses .
Within-subject contrasts
\ J \ J |
! ! f
Design specification Estimation Group analysis

(model building) (18t level) (2n level)




GLM

A standard GLM can be written:

Y=XB+e &~N(0,V)

e The matrices X and Y are assumed to be known,

where and the noise is assumed to be uncorrelated.
vl [ox, x0T e ]l Tel * Our goal is to find the value of g that minimizes:
Yl . X’ ﬁ" : V is the covariance
2 | 2 v Py | B matrix whose format r
: : : 5 depends on the noise (Y B Xﬁ) (Y B Xﬁ)
Y | X, - X €, model.
Lo " L b, gt ode Sums of squared
/‘ W '\ errors (SSE)
fMRI Data Design matrix Noise

Regression coefficients




Design specification

Factor 2
Example: Memory experiment
g A B Four word types, grouped into two factors:
|§ Factor 1: Visual vs. Auditory presentation (2 levels)
C D Factor 2: High vs. low imageability (2 levels)
Indicator functions

(onsets) Assumed HRF Design Matrix (X) Design Matrix (X)

| | | HH (Basis fUﬂCtiOﬂ)

~

A

® —

J\/\/\/\I\J\A_Nm
ST & A
MmN

_—
L]
h
:

c i o
O [T D
o 50 100 180 '
Time (s) Time (s)
Assumptions!

Assume neural
activity function
IS correct

Assume HRF Assume LTI
is correct system

A B C D

We will look at how
to relax these later




Assumptions about HRF

& onsets

« The BOLD signal follows a consistent shape, peaking
around 6s then falling back to baseline over the next

several seconds

e Often a fixed canonical HRF is used to model the
response to neuronal activity

- Linear combination of 2 gamma functions.

- Optimal if correct.

valid for all voxels.
* True response may be faster/slower
» True response may have smaller/bigger undershoot

- If wrong, leads to bias \\
\
and power |oss. \
= Unlikely that the same HRF is .
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PST (s)

Single impulse onset (stimulus)

The HRF generated by a single impulse stimulus. In this figure, the stimulus occurs at timepoint 0 on the

X-axis.

Boxcar onset (stimulus)
6s

“Boxcar” funition
n

! . S w =

lllustration of the HRF generated by a boxcar stimulus lasting for fifteen seconds. Note that the BOLD
signal begins descending back to baseline around the fifteen-second mark.

HRF overlap

EEBERER

BES
v

B
T

o1 rn
Time

Convolution of the HRFs for individual stimuli. The overall BOLD response (blue) is a moving average of

the individual HRFs outlined in black, red, and green. The vertical black lines on the x-axis represent

impulse stimuli. Figure created by Bob Cox of AFNI.
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Nulsance covariates

e Often model factors associated with known
sources of variability, but that are not related to the
experimental hypothesis, need to be included in
the GLM.

e Examples of possible ‘nuisance regressors’:
— Signal drift
— Physiological (e.g., respiration) artifacts

— Head motion, e.g. six regressors comprising of three
translations and three rotations.

= Sometimes transformations of the six regressors also
included.




Estimation (single subject GLM)

One subject’s

Observed
True signal N0|se Test statistics Results Results Contrast values score
g T 8 eas ‘P .H _{"" ‘ r o
{;-;:!: i ‘5 | By B « | 1
J F £
'y e N
.-g.. i T$ - gé © ' i
& _ !L Statistic ‘
LTI Y Y YY Y ) Hypothesis test _ Tscore
Noise Negative Positive
Multiple comparisons
Amplitude Contrast
estimates * weights
Results Contrast; Task comparison
Data from one voxel

[Task — Control
MDMme

@

0

K

Effect size: d, Z, p

W\W \WI\VMW \W\f\ " W“W \ '\Ww
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Group analysis

Data 1s hierarchical in nature: lower-level observations nested within higher levels

Group 2nd Level Group




Estimation (group GLM)

One subject’s

Observed Each Group
True signal Noise  Test statistics Results voxel analysis score
T B 17 }- X
By, A
s B, B2
ll ‘1 -
? F :'l O\——\_— -1
{ ._ ] '. 'g 8
k "l- F'\{ Y$ gi g
: e, Test
000000 .. .ce00 HypotheSIS test Statistic Tests
Multiple comparisons T-score A group of

subjects

Amplitude Contrast
estimates * weights




Guidelines: reporting contrasts & tables

Source: Russell Poldrack — Reporting fMRI data

d # high-value Go choice at probe b # high-value Go > NoGo at probe

z=23 Sl 7 W — “""""‘:“’" __ ) : * N

L Fromal Pole 398
L Paracingulate Gyrus 24
A Paracingulate Gyns 214
R Anrterior Cinguiase Gyrus 197

1 A Frontal Pole m 1820 ] 40 0 39
L Antarior Cingulate Gyrus 156
L Supenor Fromal Gyrus 76
A Superior Frontal Gyrus a4
L Fromtal Medial Cortax b1
L Caudate 61

2 A Caudate 48 07 8 2 16 423
A Thalamus 14
L Accumbens 26
A Subcallosal Cortax 25

3 L Putamen = 266 6 2 A2 g2
L Palsdum 19
L Subealiossl Corex 13
L Paracngulate Gyrus g1
R Paracinguiato Gyns ™

4 L Superior Frontal Gyrus 2% 241 -8 10 46 36
Schonberg et al., 2014 L Supplementary Mok "




Guidelines: reporting contrasts & tables

e Use a background image that accurately reflects the

; . Better use probabilistic anatomical maps, not
anatomy and any applied smoothing

Talairach&Tournoux + Brodmann areas

Bad: - Better: Best: MNI recommended (1528)

Single-subject MNI305 Smoothed
anatomy template group mean
EE111)Y

Labeling activation

Table 3
Coordinates of Clusters of Activation Showing Significantly Different
Activity in Comparisons Between Concept-Learning Tasks

Region k X ¥ z BA
Implicit > Verbal
Left occipital 308 —40 -90 2 18
—46 —78 -2 19
-32 —88 -12 18,19
Using full color maps to
Medial prefrontal 392 -8 56 -2 10

6 44 =10 10,11

visualize statistical maps % 8%

Novel-Implicit > Verbal

Left occipital 1,180 —38 —86 8 19

—40 —76 -2 18

X mricron - mean_anat.hdr . 26 - 86 - 8 1 8

File Edit Overlay Wiew wndow Help Right occipital 249 36 —88 0 18
M g A g [er AR /| (e [ [ | [ [ 3] s =72 -6 19

areas; x, y, z, MNI coordinates.

48 —64 -4 19

Verbal > Novel-Implicit
No significant clusters of activation

Novel-Implicit > Implicit
No significant clusters of activation

Implicit > Novel-Implicit
No significant clusters of activation
Note—All clusters reached an uncorrected significance level of p = .01 and an extent
threshold of 20 voxels. For each cluster, coordinates are given for the maximally acti-
vated voxel and up to two local maxima. k, number of voxels in cluster; BA, Brodmann's




Guidelines: using ROI analysis

 Characterize/explore signal
« Limit correction for multiple comparisons
« Examine functionally characterized Regions
« With complex designs, it is often difficult to tell what is going on simply by looking at maps
« Plotting signal from ROIs can be Enlightening
« Control for multiple tests over the whole brain can be highly conservative
« Limiting the number of tests (voxels) can increase power
— Only when you have a pre-existing anatomical hypothesis
— Can't do this based on the results of another analysis of the same data!

Example

« P<.001, whole brain (2410 resells [smoothed voxels])

— Cluster with 41 voxels: « P=0.465

« P<.001, small volume correction for 10mm radius sphere

(5.7 resels)
— Same cluster: p=.002




Guidelines: detecting outliers

e Plotting data from ROlIs can also help identify
outliers or influential observations

=0.44 p=0.039
a0

=0.27 p=0.241
aD
85 85
-
- - o — -
=]
E 5 § 75 ‘ ®
[ [ = .
8 8
70 70 “ -
0 LY ®
. ®
& ° 65 °
@ »
€0 60
-6 —40 =20 y N 4n an i -4 20
fmri




Guidelines:

PERSPECTIVE

nagure
DCUrosCicnce

Circular analysis in systems neuroscience:
the dangers of double dipping

Nibsloin Kricgoskorme. W Krle Smmons. Putrich 5 F Bellgowan & Chrin | Baker

HOME THE MAGAZINE INTERNATIOMAL EDITION
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NEWS POLITICS TECH / BUSINESS
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FIRST 100 DAYS
i‘ E Live Talk, April 29
Fotn Jonathas Alter om Weds., 12

on science | Sharon Begley

Of Voodoo and the Brain

Patterns of neural activity and thoughts or feelings are not as tightly linked as
scientists have claimed.

CULTURE / IDEAS
Ertmprma

Project Gresn

Run whole-brain
analysis

Extract signal

voxel/cluster

o PHOTO GALLERY
‘I The History of Flu
A look at the sometimes deadly virg
i

from significant — —tp

Emotion, Personality, and Social Cognition

Edwasd VeI, Christine Haevis", Piotr Winkickman', & Harold Puler”

Massac e of Technology
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Yo whom comespondmcs shosld be addreaed: hpashierizuesd odu

in Press, Perspectives on Psychological Science
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“Voodoo Correlations in Social Neuroscience™

Perform statistics
on extracted data

1=085,p<0.001

behavior

=
3

=50 50 100 150

fMRI signal

Of course it’s
strongly correlated!

bias and circularity

Puzzlingly High Correlations in fMRI Studies of

*Independent:
*ROI determined
independently from the
data being analyzed
*Non-independent:
*ROI determined from
the same data being
analyzed

*Correlations are
substantially higher for
non-independent analyses

Frequency
(number of significant correlations reported)

0

Independent
Non-independent

a1

02 03 04 05 06 O7 08
Absolute correlation value

09

WVul et al., 2009




Guidelines: Using neurosynth.org to obtain
a priori ROls
e o e S e e G

Search for another term:

mentalizing | |

An automated meta-analysis of 151 studies

m Studies FAQs

Layers

I«

® | mentalizing: association test m

&> | mentalizing: uniformity test

Bb Bb
I« I«

& | anatomical
Color palette:
red v ECrosshairs

Positive /Negative: [CPan/zoom

positive v B\ abels

Thresholds:

(o) (o]
Opacity:

x:[ 0 ]Y:[ 0 ]z:[ 0 ]

z-score: ()




Guidelines: transparent reporting of
methods

Table 2. Simple Solution to the Problem of False-Positive
Publications

Requirements for authors
|. Authors must decide the rule for terminating data collection
before data collection begins and report this rule in the article.

2. Authors must collect at least 20 observations per cell or else
provide a compelling cost-of-data-collection justification.

3. Authors must list all variables collected in a study.

4. Authors must report all experimental conditions, including
failed manipulations.

5. If observations are eliminated, authors must also report what
the statistical results are if those observations are included.

6. If an analysis includes a covariate, authors must report the
statistical results of the analysis without the covariate.

-Simmons et al., 2011, Psychological Science




Guidelines: more publications

Poldrack, R. A., Baker, C. I., Durnez, J., Gorgolewski, K. J., Matthews, P. M., Munafo, M.
R., ... & Yarkoni, T. (2017). Scanning the horizon: towards transparent and reproducible
neuroimaging research. Nature reviews neuroscience, 18(2), 115-126.

Nichols, T. E., Das, S., Eickhoff, S. B., Evans, A. C., Glatard, T., Hanke, M., ... & Yeo, B. T.
(2017). Best practices in data analysis and sharing in neuroimaging using MRI. Nature
neuroscience, 20(3), 299-303.

Devlin, J. T., & Poldrack, R. A. (2007). In praise of tedious anatomy. Neuroimage, 37(4),
1033-1041.

Poldrack, R. A., & Mumford, J. A. (2009). Independence in ROI analysis: where 1is the
voodoo?. Social cognitive and affective neuroscience, 4(2), 208-213.

Vul, E., Harris, C., Winkielman, P., & Pashler, H. (2009). Puzzlingly high correlations in
fMRI studies of emotion, personality, and social cognition. Perspectives on psychological
science, 4(3), 274-290.

Etc.




Toolboxes, softwares and platforms

Toolboxes

* ARTrepair: repairs scans with artifacts (e.g., head movements)

* AAL1: automated anatomical parellation of T1 volumes (provided by the MNI)

» AAL2: alternative parcellation of the OFC

« AAL3: alternative parcellation of the anterior cingulate, thalamus and some brain nuclei
* CONN: connectivity toolbox that loads .SPM designs

» MarsBaR: fo regions of interest (ROIs)

Softwares

* Mango: visualizer

* MRIcrogl: visualizer that supports scripting; better for publications

« BrainNetViewer: visualizer for connectivity; can save movies

« RFXplot: data visualisation for 2"d |evel analyses

»  WFU_PickAtlas: generation of ROl masks based on the Talairach Daemon database (Brodmann area, Lobar,
Hemisphere, Anatomic Label and Tissue type)

« Xjview: rendering software; loads .SPM; functions for ROI selection, pValue slider, multiple images display, common
area analysis, etc.

Platforms

* Neurosynth.org: platform for large-scale, automated synthesis of fMRI data

* OpenNeuro.org: platform for open-source validating and sharing BIDS-compliant data

» andysbrainbook.readthedocs.io: comprehensive tutorials for brain data analyses, paired with
https://www.andysbrainblog.com/




Preprocessing on SPM
— practical work
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Pipeline: 1. DICOM to NifTI

SPM12 (6470): Menu + 0% ) DICOM files A0 X ) Output directory - <
Dir /home/mpedroza/WorkData/06_MORALOG520/scans/10_RUN _tra Dir /home/mpedroza/WorkData/06_MORALOE520/scans
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Dynamic Causal Modelling J ‘ 3.12.2 .5.2.43, . 18_RUN_B L] [18_RUN_6 (o
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J J Selected 116/[1-...] files. (Initial selection.) 3_AUTOALIGM_MPR _cor 3_AUTOALIGM_MPR _cor
Display | CheckReg | Renden. % FMRI - /home/mpedroza/WorkData/06_M cans/10_RUN_training/DId 4_AUTOALIGN_MPR _tra [=| 4-AUTOALIGN_MPR_ tra Ei
Toolbox - PRI | |mCale | DICOM Import /home/mpedroza/WorkData/06_MORALOE520/scans/L0_RUN_training/DI¢ i [Tl | [4] i [ 1+
/home/mpedroza/WorkData/06_MORALOE520/scans/ LO_RUN _training/DI{ ﬂ E Ri:] Dohe Filter Raser | o
Help Utils hd Batch J Quit J /home/mpedroza/WorkData/06_MORALOE520/scans/10_RUN _training /DI Selected 1/[1-1] file. (Added 0f1 files.)
h‘ome mpedroza/WorkData, 06_‘MORAL06520 scans/10_RUN_training [l)l' /home/mpedroza/WorkData/06_MORALOG520/scans/11_RUN1/spm H
[] ¥ - _ =
Batch Editor + -0X
File Edit View 5SPM  BasiclO ~
=l
Module List Current Module: DICOM Import
DICOM Import<=X = |Help on: DICOM Import -
4 £ A - -
Directory structure for converted files ...ctory hierarchy = CEERHEESCELSy . =
Output directory <=X Dir fhome/mpedroza/WorkData/06_MORALOB520/scans/12_RUNZ
Protocol name filter ¥ Up /home/mpedroza/WorkData/06_MORALOE520/scans/12_RUNZ ~
Conversion options E
“Output image format e ile (niiy NIFTT Preyv fhome/mpedroza/WorkData/06_MORALOG520/scans/ 12 _RUN2Z
. Use ICEDims in filename Mo I = =
DICOM DICOM
SNAPSHOTS SNAPSHOTS
spm
Current Iterre DICOM files
k2 7| Ed] Red Done Filter Reset| | *
Selected 1/[1-1] file, (Added Of1 files.)
[=] Specify... J Jfhome/mpedroza/WorkData/06_MORALOG6520/scans/11_RUN1/spm =
Select the DICOM files to convert.




Pipeline: 2. Visualization nepect functional images

Inspect anatomical images

4dd Delay...

Look out for noise, transient
artiacts, ghosting, dropouts,

Look out for artifacts, such as etc.

ripples. They may be caused
by subjects moving too much
in the scanner




Pipeline: 3. Artifact removal (optional)

Can also be done at the end of preprocessing

Detection of Bad Volumes (art_global)

Global Mean - Generated Arifacthask

o 1800 T T T T T
g 1700 |- /J[ .
;Iﬂ 1o [T j‘ﬂ P A oy f““-wﬁi\h -
E 1500 | | 1 l
0 100 200 300 400 500 00

s 10 . : | :

E .

= _

A dip

2 . ] :

g gl I w’\,u(.yIH'\J\Jn o A e At e P S ,|'| Ao (N ] \J‘w‘-‘“\-" L

- @ 0 100 200 300 400 500 00
o 05 T T T T —— -
s q fast
= B e T ik % )
5 et [ motion
g | | ! 1 !

e U9 100 200 300 400 Eu\

scans
Art_global identifies volume outliers with red lines. | -"piCﬂ]
Use it to locate bad volumes to review with the |
motion

Contrast Movie. Recommend not to repair any
volumes until after preprocessing.

Beware, previous versions included a script error that needed correction by-hand.
Unfortunately, we forgot what was the error specifically

https://cibsr.stanford.edu/content/dam/sm/cibsr/documents/tools/methods/artrepair-software/ArtRepairOverview.pdf




Pipeline: 4. Field Map

(Calculate Voxel Displacement Maps VDM), 7 steps

Current Module: Calculate VDM

. Subject
.. Field map

. Phase and Magnitude Data

1. Same fieldmap file with the “01” suffix;
located at the first fieldmap folder of each
participant (gre_fieldmap_mapping.....)

Short Echo Phase Image
Short Echo Magnitude Image

... TAIRE_JAUCLDE491_20150910_001_015 _gre_field_mapping_01.nii,1
L TAIRE_JAUCLOB431_20150210_001_013_gre_field_mapping_01.nii,1

...+ Long Echo Phase Image
...\ Long Echo Magnitude Image
.. FieldMap defaults

.. Defaults File

... TAIRE_JAUCLO6491_20150910_001_013_gre_field_mapping_02.nii,1
. TAIRE_JAUCLOB4321_20150910_001_013_gre_field_mapping_02.nii,1

mefmpedroza/WorkData/MEIConvertdata/pm_defaults_studiesM.m

|EPl Sessiaons
|. Session

.. Select EPI to Unwarp
. Session
.. Select EPI to Unwarp
|. Session

.. Select EPI to Unwarp
|. Session

.. Select EPI to Unwarp
. Session

..ENTAIRE_JAUCLOE431_20150910_001_00S_RUNM _training_0001.nii,1
o M_ALIMENTAIRE_JAUCLOE491_20150910_001_010_RUMN1_0001.nii,1
~M_ALIMENTAIRE_JAUCLOE491_20150310_001_011_RUNZ2_0001.nii,1

L M_ALIMEMTAIRE_JAUCLOE491_20150910_001_012_RUN3_0001.nii,1

2. Same fieldmap file with the “02” suffix; located
at the first fieldmap folder of each participant
(gre_fieldmap_mapping.....)

3. File pm_defaults_studiesM.m

[ .. Match VDM to EPI?

| .. VDM filename extension
| .. Wte unwarped EPI?
[ .
A

1| |OY o

Match anatomical image to EPI?

match VDM
session

write unwarped EPI
Anatomical image for comparison 0 files

naone

4. Choose the first image from each session of
the participant A

Y

Keep in mind the order of sessions and
use them consistently throughout the

0l

Current hent Match VDM to EPI?

*match VDM
none

rest of the preprocessing steps.

[ »

42




[ J [ J [ J [ ] [ J
P | ® 5 S | t m Keep in mind the order of sessions and use
I p e I n e ° ° I C e I I n g them consistently throughout the rest of the
preprocessing steps.
Current Module: Slice Timing

Help on: Slice Timing by sl

Data

. Sessi <X ] .

eeain e For each participant and each

. Session <X functional session (run 1-6),

. Session < =X . e

" Session DY select the corresponding .nii

.Sezz@on < —X files

. Session =

Mumber of Slices 45 ,\

TR 2.5 Th t

TA 2.44444444444303 \ ese parameters were

Slice order 1x45 double established in collaboration

Reference Slice 1 . .

Filename Prefix a with Prlmage tech team.

e s Dt \ TA=TR-(TR/nslices)

Mew: Session -\

Replicate: Session (1)

Replicate: Session (2) |

Feplicate: Session (3) | nterleaved (bottom —> up): [1:2:nslices 2:2:nslices

Repl@cate: Sess@cm (4 |

Eenlicate:r Sessinn (51 Type in the dlalog bOX:
Speacify... J [1245 2245]

Specify : 1




Pipeline: 6. Registration (Realign & unwarp)

<) Images T+ - X
: Dependenc‘y" J Calculate VDM: Voxel displacement map (Subj 1, Session 1)[=
Current Module: Realign & Unwarp | Calculate VDM: Voxel displacement map (Subj 1, Session 2),
. B 3 Calculate VDM: Voxel displacement map (Subj 1, Session 3)
elp on: Rea“gn & Unwarp — Calculate VOM: Voxel displacement map (Subj 1, Session 4)

ata Calculate VOM: Voxel displacement map (Subj 1, Session 5)

. Session - 1 o Use the dependency Culate M:oxel d\pleentp(bj 1, Session &)

Slice T\mmg Slice Timing Corr, Images Sess 2

L ages : o= . o ( )

. Phase map (vdm* ﬂIeJ <5 ice Timin ice Timin orr. Images (Sess
. Session L button to Spe01fy the fl]'e g:\ce ;ming: g:ice %mmg gorr‘ :mages gess i;
. Images < . Slice T\mingi Slice Timing Corr. Images (Sess 5)

Phase map tvdm®* file) < Correspondlng to each Slice Timing: Slice Timing Caorr. Images (Sess 8)
. Session . “ 9 ff,

Images | < sessions (“a” suffix i

. Phase map (vdm™ file) < =
. Session . Select all |
.. Images < 1mageS ). i

. Phase map (vdm™ file) < oK Cancel |
. Session

. Images < =
Current Itent Images

2 Use the dependency

button to specify the file Phase map

Spesity — corresponding to each

l

Subj 1, Sesswon 2
Subj 1, Session 3
Subj 1, Session 4
Subj 1, Session 5

. Calculate VDM Voxe\ d\splacement map
SeSS].OIl Calculate VDM: Voxel displacement map

Calculate VDM: Voxel displacement map
Calculate VDM: Voxel displacement map
Calculate VDM: Voxel displacement map (Subj 1, Session &

Mlnd the numbe_‘{']_ng Of g:\ce ?mmg: g}?ce Pm?ng gorr‘ }mages Egess ;;
. . Ice Timing: slice Timing Larr, Images (>ess
. sessions: they are serial Sice Trming: Sice Timing Corr Images Sess
3. Do not modify the rest of parameters according to spm and not s T, Sice Ting Core Imaces 6e22 B

Verify that file prefix is “u” the original numbers

Select all

OK Cancel




Pipeline: 7. Coregistration

Depandancy J

1. Reference image: click
on dependency button

and select : Unwraped
Mean Image

Calculate VDM: Voxel displacement map (Subj 1, Session 1)+
Calculate VDM: Voxel displacement map (Subj 1, Session 2)
Calculate VDM: Voxel displacement map (Subj 1, Session 3)
Calculate VDM: Voxel displacement map (Subj 1, Session 4)
(

Current Module: Coregister: Estimate Calculate VDM: Voxel displacement map (Subj 1, Session 5)

. - . - Calculate VDM: Voxel displacement map (Subj 1, Session &)

Help on: COFEQIStEI’. Estimate ) el Slice Timing: Slice Timing Corr. Images (Sess 1)

Feference Image DEF Eealign & Unwarp: Unwarped Mean Im Slice Timing: Slice Timing Corr. Images (Sess 2)

Slice Timing: Slice Timing Corr. Images (Sess 3)

Source Image Slice Timing: Slice Timing Corr. Images (Sess 4)

Cther Images Slice Timing: Slice Timing Corr. Images (Sess 5)

Estimation OptiOHS Slice Timing: Slice Timing Corr. Images (Sess &)
. . . . Realign & Unwarp: Unwarped Images (Sess 1)
+Objective Function Mormalised Mutual Informat P [Realign & Unwarp: Unwarped Images (Sess 2)
.keparation [4 Realign & Unwarp: Unwarped Images (Sess 3)
Tol 1%12 d Realign & Unwarp: Unwarped Images (Sess 4)
- Iolerances X oL Realign & Unwarp: Unwarped Images (Sess 5)
. Histogram Smaoothing [ Realign & Unwarp: Unwarped Images (Sess 6)

align & Unwarp: ped Mean Image

Select all J

» 2. Specify the T1 - J
anatomical scan
(T1_MPR_SAG....Folder)

Cancel J




Pipeline: 8. Check registration an
movement corrections

SPM12 (6470): Menu +_0X a Select images
Dir fhome/mpedroza/01 _WorkData/001 _MRIConvertdata/28_CHEFLOI
- - - i SPM12 (6470): Graphics
Realign (Est.,. Gl J Smooth J Up home/mpedroza/01_WorkData/001_MRIConvertdata/ 28 CH... ~ s Deoron Wy —rrriaue  Heln
- Prewv fhome/mpedroza/01_WorkData/001 _MRIConvertdata/28_CH... =
Coregister ... v] MNormalise (... vI Segment
Specify 1st—level J Review J
Specify 2nd-level J Estimate J
Results ‘
Dynamic Causal Modelling J ‘ -] ~]
7| Ed| Red Done | Filter Reset|] mean.*

Frames | 1
Selected 2/[1-24] files, (Added 1/1 file)

15/1_014_T1_MPR_SAG_0_9mm_p2_TR3500_20151120/CHEFLOG615_DECI{
15/1_010_RUM _training_20151120/meanuaCHEFLOGE15_DECISION_ALIMEN

Chack Reg | Render.. .. v FMRI =

Toolbox: PPls J InCale J D\COMImpH.J

Help Urils... b Batch J Guit J

[»]

4

meanuaCHEFLOG615 _DECISION_ALIMENTARE_CHEFLOG615_20151120_001_010_RUN_training_0001.nii, 1,1

Select T1 anatomical image [

vk 38.256.0 19.1

—

¥ =1310.53

2. Type: mean at the filter (right box) and =

Crosshairs

Qrientation

select the mean 1mage located at the folder

Interpolation

containing the first run from the s

. Browse.
experiment. oy _
. Display All images
. Coto maximum Current image
3 o Cllck D One Hovie tool Set origin 1o Xhairs

Reorient image(s) Help
RCE overlays

nnnnnnn




Using the mouse to
navigate, move around the
brain volume and:

1. Verify that red lines
(corresponding to the
functional images)
follow closely the brain
perimeter.

2. Verify anatomical
features: 1.e.
ventricules, white and
grey matter,
cerebellum, etc.

Check for mismatchs as shown below
(http://imaging.mrc-cbu.cam.ac.uk/meg/RepositioningMRIs)




Mismatches may need to
correct the alignment of

the functional (EPI)
image run by run.

SPM12 (6470)

Using the manual alignment toolbox, adjust the

_1mages trying with different distances along the 3

axis.

Check the corrections at the Graphics window and

once image is correctly fitted, click on the button _ Apply to image(s) |

right {mmj}
forward

up {mm}
pitch {rad}
roll {rad} W
vaw {rad}
resize {x}

. In the file selection box,
resize W . .
resizeal 2 Select all () “ua” prefix images

Transaton(l)Rotaton(E)Eoo\ And C].iCk DONE
Apply to image(s)

g

o

Val
—| =Yoo

—

Launch again the check reg from the SPM menu
and check that corrections were correctly applied
Watch out radian units: use values < 0; 1.e., 0.01 to all runs. Use one functional image with “ua”

prefix from one run and overlay on top of T1 4 8




Pipeline: 9. Segmentation

Current Module: Segment

Help on; Segment |3

Batch Editor

File  Edit View S4dUM BasiclO

Data
DEE| P

’ . C&ﬂﬂﬁl i T]_ image
S ¥ Reaion » . Yolumes ; i
Segment e : E:f!;:t‘:r“”wa”’ ,—b .. Bias regularisation light regularisation (0.001)

»

»

»

Temporal

Spatial

W EEG segment . .. Bias FWHM 60mm cutoff
" i < -, i . . |
o ormalise " llight regularisation (0.001) | .. Save Bias Corrected Save MNothing

Smooth

Tools 60mm cutoff

Edit Defaults Bias Corrected Save Mothing
Tissues
. Tissue
.. Tissue probability map ...roza/spm12/tpm/TPM nii,1
.. Num. Gaussians 1
.. MNative Tissue MNative Space

.. Warped Tissue MNone ' TiSSUE F .
. Tissue H il 11 I' 1 1 :
| Tssue probabicy map . soza/m12tgm T i 2 . Tissue probability map ...roza/spml2/tpm/TFM.nii,s | 0. tissue 'FO 3
.. Mum. Caussians = 158
Cur:;nl.ller-:tDala e - - Ju. GUSSIE”-IS 3 H 2 Cllck On Natlve
P e— . Mative Tissue Native + NDartel Imported .
iSER R .. Warped Tissue Mone tissue and select
' . Tissue 1 Nati
i | N ) ative+ Dartel
3 .. Tissue probability map ...reza/spml1l¥Ftpm/TPM nii,4 f
L e .. Num. Gaussians 3 1mported from the
- .. Mative Tissue Mative Space th it
Specify the number of different channels (for multi-spectral classification). If you o WarPEd TiSSUE NCIFIE Curren OX 1 ems
have scans of different contrasts for each of the subjects, then it is possible to T
combine the information from them in order to improve the segmentation ' Is5Ue =l below
accuracy. Note that only the first channel of datais used for the initial affine Ticriioa morabombilite e e o o d e 1T e S TORA mii & LT °
registration with the tissue probability maps. I CLIITEI"IT. |tEITI: Nati\.l'E TiSSLIE

P> [one o]
Use a batch with all participants Native Space
that all t tI.) . g Dartel Imported v For the rest Of
SO at all segmentation 1s aone *ati .
g Mative + Dartel Imported Hssues (4 to 6)

before doing DARTEL I Select None




Cresshair Position Crigin

mrm:
YX!
Intensity:
right {mm} 0
forward {mm? 0
up {mm} 0
pitch {rad} 0
roll {rad} 0
yaw {rad} 0
resize [#} 1
resize {y} 1
resize {z1} 1
Set Crigin | Reorient... |

File:.SAG_0_9mm _p2_TR3500.nii
Dimensions:121 x 145 x 121
Datatype:float32
Intensity:¥ = 1 X
Imported Tissue 1

Yox size-1.5x1.5x 15
QOrigin:&1 85 49
Dir Cos: 1.000 0.000 0.000
0.000 1.000 0.000
0.000 0.000 1.000

Full Vaolume - Hide Crosshair

World Space w| Trilinear interp.
Auto Window ...+ Add Overlay...

-

Segmentation output are 3 images with the
“RC” prefix which will be saved at the T1 folder.

rc1*.nii files = grey matter
rc2*.n1i files = white matter
rc3* . nii files = CSF

Images will be saved at the T1
folder

Output:
rcl*.nii file
rc2*.nii file
rc3*.nii file
For each participant




Pipeline: 10 & 11. Normalization (DARTEL +
MNI Space normalization + Smoothing)

Batch Editor

The Diffeomorphic Anatomical Registration Through

File Edit View BN EasiclO

D@ | | Temoa Exponentiated Lie Algebra (DARTEL, Ashburner 2007)
A B Toolbox 1s a high dimensional warping process that
e increases the registration between individuals, which
o results in improved localization and increased

_ Dartel Tools ] Initial Import
Edit Defaults FieldMap } Run Dartel (create Templates)

Longitudinal Registration Fun Dartel {existing Templates)

sensitivity in analyses.

»
Old Mormalise » Mormalise to MMI Space

old Segment Create Warped Run DARTEL (Create a template)

Rendering } Jacobian determinants
oo ook - it Needs all segmentation rc files and batch
Kernel Uilies . 1 processes to be ready before launching!

MATLAB Batch System
Matlabbatch User Interface

E
B2
*Menu and Toolbar I

The “File" and "Edit" menu offer options to load, save and run a job and to modify
the configuration of the batch system. For each application which is known to the |«




Batch Editor

Eile Edit View 5FM

D P
Module List

BasiclO

Current Module: Run Dartel {create Templates)

Run Dartel (create T|

[»

Help on: Run Dartel (create Templates)

. Images

. Images

. Images

Settings

. Template basename
. Regularisation Form
. Outer Iterations

.. Quter Iteration
... Inner lterations
... FReg params

... Time Steps

... Smoothing Parameter
.. Outer Iteration
... Inner Iterations

o

/

31 files

Template

< —
< —

A A A

Images

Dir |jhomefmpedrozafOl_WorkDatafOOl_MRIConvertdataIOS_CROBEOBS
Up Jhome/mpedroza/01_WorkData/001_MRIConvertdata/08_CROE... =

Click at the jmages field Prev  /home/mpedroza/01_WorkData/001_MRIConvertdata/08_CROB... +
and create 3 fields for P - > 1 CROBEO6522 _DECISION_ALIMEN{=

rc2CROBEQES 22 _DECISION _ALIMERN
each image

Prc3CROBEOE522 _DECISION_ALIMEN

...ar Elastic Energy

3

[4 2 1e-08]

rmo1 1

1
16

Fat

3

1

1]

Current lterx Images

MNew: Images
Replicate: Images (1)
Replicate: Images (2)
Replicate: Images (3)
Delete: Images (1)

Delete: Imanss (23

ID

Specifi.. J

1 or more options must be selected from:

Select the images to be warped together. Multiple sets of images can be |
simultaneously registered. For example, the first set may be a bunch of grey |
matter images, and the second set may be the white matter images of the same
subjects.

1. First field will
correspond to rcl
images from all
subjects

KEEP THE SAME ORDER WHILE ADDING FILES!
The first rc1*.nii1 is assumed to correspond with the o ) B e
first rc2*.nii from the same subject, the second with participant: Qutput = u_rcl¥.nii file

the second, and so on..

2. Second field will
correspond to rc2
images from all
subjects

3. Third field will
correspond to rc3 —

: ~| ] [ ]
images from all 7| Ed] Red Done | Filter Reset|] Ar. ¥
subjects Frames | 1

Selected 7/[1-...] files. (Added 1/1 file.)

fhome/mpedroza/01_WorkData/001_MRIConvertdata/01_JAUCLOE491/1_015]
fhome/mpedroza/01_WorkData/001_MREIConvertdata/02_VESCO0E6492/1_014:
fhome/mpedroza/01_WorkData/001_MRIConvertdata/03_GONFAQG333/1_01¢:
fhome/mpedroza/01_WorkData/001_MRIConvertdata/04_EARGUOE514/1_01
fhlome,FmpedrozafDl_WorkDatafDOl_MRICOnvertdataﬁDS_COMSYDBS19;’1_01 1
4

s | | ] |

The template for all-participants will be
saved at the T1 folder of the first

aka “flow fields” 5 2




Batch Editor

Eile  Edit  View
DS H| b
Module List

SIEUN  BasiclO
Temporal

Spatial Module: Run Dartel {create Templates}

Stats
DCM
M /EEG
util

: Run Dartel (create Templates)

Dependency | Using dependency button,

| ' specify the last of the

s 31 files
H 31 files

Dartel Tools Initial Import

e | ot e series of templates that
Lmngltudmaf Registration  » Run Dartel (existing Templates, Run Dartel [create Templates]: Template (Iteration OJ:
old Normalise » )
Run Dartel (create Templates): Template (Iterat!on 1) Was Created by RunDaI‘tel
Run Dartel (create Templates): Template (lteration 2)
) - ) ) ~ Run Dartel (create Templates): Template (lteration 3) . 5
2 e ‘\_Efw Sl LA Run Dartel (create Templates): Template (Iteration 4) (Create Template)‘ ThlS 1S
O=E| > Run Dartel (create Templates): Template (lteration 5)
M - . - C plate (lteration 6 U.Sllally Called
odule List Current Module: Normalise to MNI Space -
Run Dartel (create Templates): Flow Fields .o
Run Dartel (create T[*| |Help on: Mormalise to MNMNI Space |: Template 6.n11
Mormalise to MR Sp Dartel Template D= -
Select according to <= 3
- Voxel sizes [Mak Mah Mah] The file 1S usually
: Bounding box 2%3 doublg
Preserve Preserve Concentrationg located at the T]' fOlder
Gasstan PN eed . from first participant
i select all | from the DARTEL
oKy Cance . template batch.
> F Subjects
= Many Subjects
Current ltent Dartel Template For fMRI analyses,
B Select according to :
Few Subjects
Jal |,|1 Specify... Dependﬁncy
Select the final Template file generated by Dartel. This will be affine registered
with a TPM file, such that the resulting spatially normalised images are closer v
aligned to MMNI space. Leave empty if you do not wish to incorporate a transform . . . )
1_:0 MNI) space (ie just click "~ "done' an the file selector, without selecting any ThlS Wll]. dlsplay new fle]_ds fOI'
images).
3 adding files (see next slide) 5 3




Batch Editor

File Edit View SFM  BasiclO N
DS || b
Module List Current Module: Normalise to MNI Space

[»

Fun Dartel (create T Help on: Normalise to MNI Space
Mormalise to MMNI Sp Dartel Template ... Template (lteration &)
Select according to

[»

Add as many subjects as needed and then :

. .Subject_

. :Erlr?;;:sleld :i Dependency J

Voxel _sizes [Mal Mal Mar] . . re ; o

Bounding box o 2X3 double Flow Field: specify the u_rc1* image of the
reserve reserve oncentrit!?r:‘s L > .

Gaussian FWHM [8 8 8] SubJeCt (T1 fO]_der)

—

Images: add all the ua functional images (type in the
Curvent e Few Sabjects filter .*~ua) from all runs (training to 6)

Mew: Subject .
e e O There is no need to separate by run

Delete: Subject (1)

4]

[»

) W e r
L2 | LA .
Dir /home/mpedroza/01_WorkData/001_MRIConvertdata/09_DUCBAC F wr
llter Reset hua]}

4

Up Jhome/mpedroza/01_WorkData/001_MRIConvertdata/09_DU... =
Prey J/home/mpedroza/01_WorkData/001_MRIConvertdata/09_DU... =
. |EWuanuceaossza_oecision_Auve Sl B :|
uaDUCBAOG528_DECISION_ALIME
uaDUCBAOG528_DECISION_ALIME
DECISION _ALIMEN
DECISIOM _ALIMERN ™
DECISION _ALIME
DECISIOM _ALIMEN
DECISIOM_ALIME
DECISION _ALIME
DECISION _ALIME
DECISION _ALIME
DECISION _ALIME
DECISION _ALIME
DECISION _ALIME
DECISION _ALIME
DECISION _ALIME
DECISIOM_ALIME
DECISIOM_ALIME
DECISION _ALIME
DECISION _ALIME
DECISION _ALIME
DECISION _ALIME
DECISION _ALIME
DECISION _ALIME

Specifi.. J

Few Subjects B 8
Select this option if there are only a few subjects, each with many or a variable H LaDUCBADG5 25

uaDUCBADE528
uaDUCBADE528
uaDUCBAOE528
uaDUCBAOE528
uaDUCBAOB528
uaDUCBAOB528
uaDUCEADB528
uaDUCEADB528
uaDUCEADB528
uaDUCEADB528
uaDUCBADE528
uaDUCBADE528
uaDUCBAOE528
uaDUCBAOE528
uaDUCBAOB528
uaDUCBAOB528
uaDUCEADB528
uaDUCEADB528
uaDUCEADB528
uaDUCEADE528

q i
7| Ed| Red Filter Reset| [ huag

Selected Of[1-...] files. (Initial selection.)

number of scans each. You will then need to specify a series of subjects, and the
flow field and images of each of them.

0 or more options must be selected from:
*Subject

[4]

Hit » torun

"Output = smwel*.nii files
Stored folderwise for each
participant

IC

[




Contrasts on SPM
- practical work

D9



Design specification: single-subject

Output directory

+ 4 Batch Editor - a X
e Gt e M Gaac0 - Following the fMRI machine settings chosen for the experiment
DEE b
Realign (ES“ ~ Slice Module List Current Module: fMRI mode| specification
Coregister (... ~  Normal Bﬁgﬁg@m model specihcaton <,>/< ’ TR (repetition tlme)
Timing parameters
| Units for desig
. \nrc irv\ 18 . . .
i . Microtime resolution fp—————» t. numbeI‘ Of tlme-blnS peI' scan
Specify 1st-level . Microtime onset 11—
Data & Design \ . .
Specify 2nd-level SanjeciSession x A t0: reference time-bin
.. Condit .
= " Mulile conditons Select the subject’s preprocessed
e .. Regressors .
- Muile regressors scans (affix: vswuaf)
. H\gh-pass_ﬂrrer 128
Dynamic Ca Facal deur
. Canonical HRF
.. Model derivatives No derivatives
¥ Model Interactions (Volterra) Do not model Interactions
Global normalisation None
Display Check Reg Masking threshold 08
Explicit mask
Toolbox: o PPIs Serial correlations AR(1) __Conditions
: v  Condit
Current ltem: Units for design = I\?Qm‘gon <X
e | =
“Seconds | __Time Modulation No Time Modulation
.| .. Parametric Modulations
. ::Orthogonahse modulations Yes
v
Ll ey : e.g., control
... Name =X .
l oVale <X . - Vector of onset times
Units for desig " .
e'g" head mOUementS Tnetfentsorhlm:kscan be specified in either scans or seconds. VeCtOI‘ Of duratlon fOI‘ eaCh Onset:
One of the following options must be selected: . . .
Vector of values <« :sars stick function: duration=0

boxcar=real number




Design output: single-subject

File Edit View Insert Tools Desktop Window SPM Figure Help N

Statistical analysis: Design

Sn(1) Inc*bfi1)
Sn(1) Con*bf(1)
Sn(2) Inc*bf(1)
Sn(2) Con"bf{1)
Sn(1) canstant
Sn(2) constant

..-08_task-flanker_run-1_bold.nii,1
..08_task-flanker_run-1_bold.nii, 11
..08_task-flanker_run-1_bold.nii, 21
..08_task-flanker_run-1_bold.nii,31
..08_task-flanker_run-1_bold.nii,41
..08_task-flanker_run-1_bold.nii,51

Sn(1): time series for session 1
Sn(2): time series for session 2

..08_task-flanker_run-1_bold.nii, 61
..08_task-flanker_run-1_bold.nii,71
..08_task-flanker_run-1_bold.nii,81
..08_task-flanker_run-1_bold.nii,91
..8_task-flanker_run-1_bold.nii, 101
..8_task-flanker_run-1_bold.nii,111
..8_task-flanker_run-1_bald.nii, 121
..8_task-flanker_run-1_bald.nii, 131
..8_task-flanker_run-1_bald.nii, 141
..-08_task-flanker_run-2_bold.nii,5
..08_task-flanker_run-2_bold.nii,15
..08_task-flanker_run-2_bold.nii,25

08_task-flanker_run-2_bold.nii,35
..08_task-flanker_run-2_bold.nii, 45
..08_task-flanker_run-2_bold.nii,55
..08_task-flanker_run-2_bold.nii,65

Inc: time series for condition with incongruent stimuli
Con: time series for condition congruent stimuli

images

Constant: baseline regressors that capture the mean
signal for each session

..08_task-flanker_run-2_bold.nii, 75
..08_task-flanker_run-2_bold.nii,85
..08_task-flanker_run-2_bold.nii,95
..B_task-flanker_run-2_bald.nii, 105
..8_task-flanker_run-2_bold.nii,115
..8_task-flanker_run-2_bold.nii,125
..8_task-flanker_run-2_bald.nii, 135
..8_task-flanker_run-2_bald.nii, 146

parameters

(gray — 4 not uniquely specified)
i I i

parameter estimability

Design description...

Basis functions : hrf
Number of sessions : 2
Trials per session: 2 2
Interscan interval : 2.00 {s}
High pass Filter : [min] Cutoff: 128 {s}
Global calculation : mean voxel value
Grand mean scaling : session specific
Global normalisation : None




Estimating the model: single-subject

Realign (Esti... ~ Slice timing Smooth
Coregister (... ~| Normalise (E... ~ Segment
Specify 1st-level Review
Specify 2nd-level ‘ Estimate ‘

4. Batch Editor

e e e / Select the SPM.mat for our specified design

WRBEESTNENNE ~ | Help on: Model estimation o
Select SPM.mat =X
\Write residuals Yes W
Method ™
- Classical
Select Yes
v
‘Current ltem: Write residuals
No 2
*Yes
©
v
< > Specify.
Write residuals &
‘Write images of residuals to disk. This is only implemented for classical
inference.
One of the following options must be selected:
*No
v




Contrasts specification: single-subject

t-test
icongruent (Sessionl&Session?2) > congruent(Sessionl&Session?2)

4] SPM12 (7487): Menu - [m] x
Realign (Esti... - Slice timing Smooth
Coregister (... ~  Normalise (E... ~ Segment
define contrast...
Specify 1st-level Review _— Inc-Con
Specify 2nd-level Estimate _ contrast(s)
L] .mst
Results t
Dynamic Causal Modelling
contrast
weights

et 0.5 -0.50.5 -0.5

Design matrix

| Reset || Cancel || ok | parameter estimability




Output: single-subject s overlavs > sections

-> spm12/canonical -> avg152

File Edit View Insert Tools Desktop Window SPM Figure Help L File Edit View Insert Tools Desktop Window SPM Figure Help E

Inc-Con - All Sessions Inc-Con

4T o : S i i | i)
.3 s = - WD : L "
-“ ; -#ﬂ contrast & ¥ LA Y . . 3 contrast

Y A

SPMET .1

1 2 s 6

2 4 6

Design matrix

Statistics: p-values adjusted for search volume

) N
set-level cluster-level < peakylwcl 2 mm mm mm
Ll < Pewe.cor_ Teom.cors e P Trom.corn LA Puncors
o525 22 0.001 o000 2 .00 0348 an 405 o000 12 =30 56
aan 2 .
0.048 0.0z 14 oo . ©.000 15 67 50
6010 6.6003 261 0.000 398 ©.a00 a2z o8
3 a0 1
0.a0 0.008 37 e.0m 3 o.a00 N
0616 0.102 ] 0.016 N 180 ©.000 29
0.848 0.162 66 0.032 ER 382 ©.000 -1
o510 o088 8 0,012 3 353 6000 a5 14 -4
o768 6.140 2] o028 382 38 5000 s n
o.608 0.102 & 0.016 3s Fr o000 35 s 11
0398 o.000 107 e.o0s 100 36 a4 29
. 1z a2
2. ! 1
1.000 o810 1 283 3 50 64 11
6070 6015 176 o001 3 I
923 . 2.92 0.0 1z
0951 0.378 a 0081 0.614 318 31 o_001 42 a6 =25
1 900 o858 20 0,211 0. 786 3.02 3.00 0,001 50 -a0 &1
1.000 0,508 26 0,187 o788 300 2.0 ©.001 39 -a3 -23
1.000 0545 29 0.136 1.000 .87 2.93 2.90 ©.002 T
1.q00 Laas 2.57 2. ©.005 6 -1
1.000 0631 23 0181 L.000 .oz 2.87 2.85 ©.002 -3 1 a1
tabie shows 3 local maxima meore than 8.0mm apart
Height threshold: T = 2.34, p = 0.010 (1.000) Degrees of freedom = [1.0, 276.0]
Extent threshold: k = 10 voxels, p = 0.375 (1.000} FWHM = 11.1 11.0 10.6 mm mm mm; 3.7 3.7 3.5 {voxels}
Expected voxels per cluster, <k 699 Volume: 1787373 = 66199 vaxels = 1235.1 resels
Expected number of clusters, <c> = 21,97 Voxel size: 3,0 3.0 3.0 mm mem mm; {resel = 47,92 voxels)

FWEp: 4,834, FORp: Inf, FWEC: 194, FDRc: 176 Page 1




Scripting: single-subject

Module List

Named File Selector <-X
Realign: Estimate & Reslice <-X
Slice Timing <-X
Coregister: Estimate & Reslice <-X
Segment <-X
Normalise: Write <-X
Smooth <-X
File Set Split <-X
fMRI model specification <-X
Model estimation <-X
Contrast Manager <-X

The Batch module we have just created is specific to 1 subject. If you
clicked on the green Go button, it would run all of the preprocessing and
model estimation steps in one go. With a few adjustments, however, we
can adapt this module to all of the other subjects in our study.

First, we need to save the modules into a Matlab script. Click on File ->
Save Batch and Script, and label the file RunPreproc_1stLevel. Save it to the
directory that contains all of your subjects. This will create a Matlab script
file that you can open in the Matlab window.

From the Matlab terminal, navigate to the directory which contains the
RunPreproc_1stLevel.m script, and type

open RunPreproc_1stLevel_job.m

To adapt this file so that it can analyze any subject, we will need to store in
a variable the different subject numbers and place the existing code in a
for-loop which will run over a set of numbers indicating each subject in the
study.




Design specification: group-level

*One-sample t-test ]

Two-sample t-test

Paired t-test

Multiple regression

One-way ANOVA

One-way ANOVA - within subject

Full factorial

Flexible factorial v

Contrasts con_*.nii for all subjects

According to a voxel value:
Explicit mask = exclusively includes voxels with that value;

Implicit mask = excludes voxel with that value

e
Realign (Esti... ~ Slice timing Smooth
Coregister (... ~ Normalise (E... ~ Segment
Specify 1st-level Review Output directory
Specify 2nd-level Estimate
4] Batch Editor - o X
»
File Edit View SPM  Basiclo > =
D& W P
Module List ‘Current Module: Factorial design specification
Help on: Factorial design specification 1
Directory =X
Design
. One-sample t-test
.. Scans <X~
Covariates
Multiple covariates
Masking
. Threshold m: g
.. None
_Implicit Mask
- Explicit Mask
Global calculation e,g,, age
- Omit
Global normalisation
. Overall grand mean scaling
..No
. Normalisation None
v
M
< b4
Factorial design specification
Configuration of the design matrix, describing the general linear model, data
specification, and other parameters necessary for the statistical analysis.
These parameters are saved in a configuration file (SPM.mat), which can then
be passed on to spm_spm.m which estimates the design. This is achieved by
pressing the 'Estimate’ button. Inference on these estimated parameters is then
handled by the SPM results section.
v




Contrasts specification: group-level

Group-level t-test
1icongruent (Sessionl&Session?2) > congruent(Sessionl&Session?2)

4. SPM12 (7487): Menu - [m] x

Realign (Esti... - Slice timing Smooth

Coregister (... ¥ Normalise (E... ~ Segment
define contrast...

Specify 1st-level Review Inc-Con

Specify 2nd-level Estimate

_ contrast(s)
* t-contrast F-contrast

Results

Dynamic Causal Modelling

ontrast
‘weights

apply masking -> none

p value adjustment to control -> none
threshold {T or p value} -> 0.001

& extent threshold {voxels} -> 20 Design matrix

This will threshold the image to only show | Reset || cancet || ox | parameter estimability
clusters that are composed of individual voxels
each passing a threshold of 0.001.
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