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In this short 90 mins course

Real world Mathematical Answer with
examples formula SPM
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My first task-fMRI study. Aimost ten years ago !

Expertise Modulates
the Perception of Pain in Others
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Cheng et al. Current Biology. 2007.



Brain morphometric changes in patient with Alzheimer disease

Mean z-score value

ATROPHY

Testa et al. JMRI. 2004.

Corrected using FDR, p< 0 005
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COrrected using FDR, p< 005
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Whitwell et al. Journal of neuroscience. 20009. Wang et al. J. Alzheimers Dis. 2012. Chapleau et al. J. Alzheimers Dis. 2016.




Deconstructing the framework of scientific papers !

--------------------------------------------------------------------------------------------------------------

V.S.

control vs. experts
healthy controls vs. AD

[2-sample T test] 5



Recall your memory back !

fMRI data

Image
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The Interface of Statistical Parametric Mapping

| File Edit View Insert Tools Desktop Window SPM Figure Help
Real... Smooth |
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evEEEEEEEEED Please refer to this version as "SPM12" in papers and communications.
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Statistical Inference

The SPM12 Manual and Release Notes are available as PDF documents in
the man directory of your SPM installation.

Updates will be made available from time to time and advertised on the
SPM mailing list. You can also check for updates by clicking here.

We would love to hear your comments or bug reports - please contact us
at <fil @ucl >,

SPM is developed under the auspices of the Functional Imaging Laboratory (
FIL), the Wellcome Trust Centre for Neurolmaging (WTCN), in the Institute
of Neurology at University College London (UCL), UK.

SPM is free software; you can redistribute it and/or modify it under the
terms of the CNU Ceneral Public Licence as published by the Free Software
Foundation; either version 2 of the Licence, or (at your option) any later




The basic statistical pipeline of SPM

Model Construction Model Estimation Statistical Inference



General Linear Model - Modeling your scientific questions

Why? Make inferences about effects of interest

How? - Decompose data into effects and error

- Form statistic using estimates of effects and error

A +

Dependent Variable Independent Variable Relative Contribution =rror

(What you are measuring) (What you are manipulating) (These need to be estimated) (The difference between

the observed data and
that which is predicted by

the model)
Aim: To explain as much of the variance in Y by using X, and thus reducing E

Morethan 1EV ? Y =XiB1+ XoB2+ ... Xn Bn.... + E

Univariate analysis !!



Example 1:
Is there any gray matter volume difference between

healthy controls and patient with Alzheimer’s disease !?
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Gray matter volume atrophy in patients with Alzheimer’s disease

“Is there significantly lower gray matter volume
In the patients with Alzheimer disease than in the healthy controls

after adjusting total intracranial volume ?”

Y = B1(AD) + B2(NC) + B3(TIV) + €
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Model construction Statistical inference Result visualization
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Full factorial design (Model Construction)

Curront Module: Factorial design specification

)
Directory Nesers/PaulSmith/Analyze Fidd/NTU_SPM_Stiatistical Course_Demo/1_Two_Sample T _Test/3_Two_Sample T_Design
Design
. Full {actonial
.. Factors
... Factor
Name Group
Levels 2
Independence Yes
Variance Equa
++ + . Grand mean scaling No
....ANCOVA No
.. Cells
...Cell
oo Lovels 1
... Scans 10 files
.o Cell
vv.. Levels 2
v Scans 10 files
.. Generate contrasts No
Covanates
. Covariate
.. Vector 20x1 double
.. Name TV
.. Interactions None
_.Centenng Overallmean
Multiple covariates
Masking
. Threshold masking
.. None
. Imphcit Mask Yes
. Explicit Mask Nsers/PaulSmith/Analyze Fidd/NTU SPM_ Siatistical Course Dema/1_Two Sample T Test/2 Covaristes/Final GM_Mask.nii, 1
Global calculation
. Omit

Global normalisation
. Overall grand mean scaling
.. No
_. Normalisation None © |

Directory:

The output directory of your statistical model

Design:

The statistical model you want to use (Full factorial)

[The definition of : Factors, Name, Level, Cell and Scans]

Covariates:
The effect you want to adjust (T1V)

Masking:
The region you want to do statistical inference (Absolute, implicit and explicit) 12




Statistical result of our question !

un-thresholded map thresholded map




Additional real-world examples using 2 sample T-test design

London taxi drivers vs. control subjects

x= 30
y=10
2=-15

A

Frequent vs. infrequent video-gamers Yoga meditators vs. non-meditators

Maguire et al. PNAS. 2000. Taki et al. Plos one. 2010.  Kuhn et al. Transl Psychiatry. 2011.  Hernandez et al. Plos one. 2016. 14



C = N LU a O,

Per cont change in - &
green matter

D

pre-pregnancy vs.

Para Cingulate Gyrus:

ROI with signiicamt

pre-space flight vs. post-space flight Before-ultra marathon vs. after 4001 km

Hoekzema et al. Draganski et al. Koppelmans et al. Freund et al.
Nature Neuroscience. 2017. Nature. 2004. npj Microgravity. 2016. BMC sports science, medicine & rehabilitation. 2014. 15



Or different experiment effects in single study group

Painful
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Cheng et al. Neuroimage. 2010.




Deconstructing the framework of scientific papers !

Experimental, intervention, medication and time effect in single group......

[Pair T test]
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Example 2:

Gray matter volume atrophy in patient with Alzheimer’s disease !?

[7 Alzheimer's Disease progression _|
r - o p = - .
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Longitudinal GMV changes in patients with Alzheimer’s Disease

“Is there significantly lower gray matter volume
in the follow-up scan than in the baseline scan of the patient with

Alzheimer disease?”

Y = Bi(baseline) + B2(follow-up) + B3(within-subject 1 effect ) +..+Bn(within-subject n effect) + €
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1st  2nd Within subject effect

Model construction Statistical inference Result visualization 49



Pair T-test (Model Construction)

Current Module: Factorial design specification

Help on: Factorial design specification

Directory ..ield/NTU_SPM_Statistical_Course_Demo/2_Pair_T_Test/3_Statistical_Modeling_VBM
Desiagn

. Paired t-test

.. Pairs

... Pair

....5cans [1,2] 2 files
... Pair

....5cans [1,2] 2 files
... Pair

....9cans [1,2] 2 files
... Pair

....5cans [1,2] 2 files
... Pair

....5cans [1,2] 2 files
.. Grand mean scaling No
..ANCOVA No
Covariates

Multiple covariates

Masking

. Threshold masking

.. None

. Implicit Mask Yes
. Explicit Mask ..eld/NTU_SPM_Statistical Course_Demo/2_Pair_ T_Test/4_Mask/Final_GM_Mask.nii,1
Global calculation

. Omit

Global normalisation

. Overall grand mean scaling

..No

. Normalisation None

Directory: The output directory of your statistical model
Design: The statistical model you want to use (Pair T-test)

Masking: The region you want to do statistical inference

20



Statistical result of our question !

un-thresholded map thresholded map




Number of factor levels Number of covariates Statistical model

2 0 Two-sample T-test

> 2 >0 ANCOVA (full factorial)

Special case : Pair-T test (before-after effect in single group)
22
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Thanks for your attention !!

N dargonchow | @gmail.com




