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

* Week 12: Brain Network — Dynamic Causal Modeling
* <Handout >lesson12_slides.pdf
<Materials >fMRlanal2 _materials.zip

Original Materials (data & SPM manual) from
https://www.fil.ion.ucl.ac.uk/spm/data/attention/
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Employed Software

fMRI Analysis

* MRlcro
* https://people.cas.sc.edu/rorden/mricro/mricro.html#Installation
* https://www.mccauslandcenter.sc.edu/crnl/mricro

* Statistical Parametric Mapping (SPM 12) 4 =& /A
* http://www:.fil.ion.ucl.ac.uk/spm/ }WE,SE

[Caution] File name\path contains Chinese character or space may cause error!
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Voxel time courses (similarity between local BOLD signal and task design)
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Dynamic Causal Modeling (DCM)
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Brain Connectivity

* Functional Connectivity

* To make inferences on the structure of
relationships among brain regions.

Photic
* Effective Connectivity .
* To make statements about causal effects
among tasks and brain regions.
* A hypothesis-driven approach
Motion
Attention
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Effective Connectivity

Methods of Effective Connectivity

* It provides more theoretically powerful inferences with
requirement of much stronger assumptions.

* The validity of the conclusions depend strongly on the
assumptions being correct.

* The necessary assumptions are often poorly specified and
difficult to check, which is a major shortcoming of the field.

Reference Video: https://youtu.be/fkGQJIfvehO
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* Structural equation modeling (SEM)

* Granger causality (GC)

* Dynamic causal modeling (DCM)

* Psychophysiological Interactions (PPI)
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Dynamic causal modeling (DCM)

Dynamic causal modeling (DCM)

* “DCM is used to test the specific hypothesis that motivated
the experimental design. It is not an exploratory technique ...;
the results are specific to the tasks and stimuli employed
during the experiment.”

Friston et al. Dynamic causal modelling. Neuroimage. 2003, 19(4):1273-302.
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Neurovascular Coupling
* DCM attempts to model latent neuronal

interactions using hemodynamic (BOLD) .. - AT
time series. < Y T

* Effective connectivity is parameterized in
terms of the coupling among unobserved
neuronal activity in different regions.
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Conceptual basis of DCM

A: intrinsic (fixed) connectivity
Hemodynamic f B: modulatory effect
Neuronal state 311(\ a1z qazz C: direct (driving) effect
e O—)
u”- €y an o
b Zy = ayzy +apZ; +opquy
t Z, = Ay121 + 832, +b3,u,2,

Reference Video: https://youtu.be/JoJKog5gmH8
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m
5= (@+ Zuj@ )z @u Neural state equation
Jj=1 Bilinear Form

A, the intrinsic (fixed) connectivity:

* Context-independent connectivity among the regions in the
absence of input;

* average/baseline connectivity in the system.
B, the modulatory effects on the connectivity:
* context-dependent change in connectivity;
C, the direct or driving effects:
* extrinsic influences of inputs that drive the regional activity.

Chia-Feng Lu http://www.ym.edu.tw/~cflu 12




Balloon Model Aﬂ " &%) NBA

a :(A+iu,l?")]x+6'u
d =

10 Rules of DCM (Neuroimage 2013)

&% NBA

I'neural state equation

¢ 6 hemodynamic
parameters:

& ={k,y,1,a,p,

Balloon
model

v
changes inolume changes iniHb
w=f—v" W= f EGE)/E,~V"q
q

e Empirically determined
a priori distributions.

hemodynamic
state equations

¢ Area-specific estimates
(like neural parameters)

— region-specific HRFs!

Friston et al. 2003, Neurolmage
Stephan et al. 2007, Neurolmage

BOLD signal
change equation

Neural activity causes behavior.

Neuroimaging data is generated by downstream effects of neural
activity.
3. Experimental manipulations can directly perturb neural activity.

4. Functional connectivity describes statistical dependencies between

regions.

5. Effective connectivity is defined by a model and corresponds to the
directed influence that one region exerts on the rate of change of
activity in another.
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10 Rules of DCM (Neuroimage 2013)

10 Rules of DCM (Neuroimage 2013)

6. Experimental manipulations can also change the effective
connectivity strength of a connection to produce bilinear effects.

7. DCMs estimate the coupling parameters given the structure of the
model, the experimental inputs, and the observed data.

8. Model inversion allows one to compute the evidence for each
model.
9. Equipped with the evidence, one can then compare models

representing different a priori hypotheses of the functional
architecture using Bayesian model selection.
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10. Classical DCM studies attempt to answer three types of question.
* What is the underlying functional architecture of a network of
brain regions?
* Which connections are modulated by experimental manipulation?
* Are the coupling parameters of a network of brain regions
different in two groups of people (e.g. patients vs. healthy
controls)?
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Dynamic Causal Modeling using SPM 12

Step-by-step guidance in SPM12_manual: Chapter 35
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Example dataset provided by SPM

° 4 Conditions fMRIanalZ_materials » attention »

* Fixation (F) =

* Static (S, non-moving dots) B FEERE .

* No attention (N, movmg dots but no attention | =%

requ'rEd ) = - & functional

* Attention (A) @ structural
% | block_regressors.mat
% factors.mat
-3 multi_block_regressors.mat
% multi_condition.mat
o | README_DATA txt

Biichel et al., Cerebral cortex, 7(8):768-78, 1997.
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Example dataset provided by SPM

Example dataset provided by SPM

* Recombined 3 conditions
* Photic: all conditions with visual input, i.e. S, N, and A.
* Motion: all conditions with moving dots, i.e. N and A.
* Attention: attention-to-motion (A) condition only.

Biichel et al., Cerebral cortex, 7(8):768-78, 1997.
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* Onsets for the conditions: factors.mat MRIanal2 materials > attention »
* S:[80,170,260,350] -
- N: [30,70,120,160,190,230,280,320] R FEERE
* A:[10,50,100,140,210,250,300,340] L
* Block duration: 10 scans/TRs &b functional
& structural
* TR: 322 S g block_regressors.mat
» Overall 360 scans & factorsmat
-3 multi_block_regressors.mat
% multi_condition.mat
& | README_DATA.bx

Biichel et al., Cerebral cortex, 7(8):768-78, 1997.
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DCM Models - modulatory effect of attention

DCM Practical Steps

Attentional modulation of
forward connection (V1->V5)

Attentional modulation of
backward connection (SPC>V5)

Attention

Photic

Motion
Attention
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* Seek an explanation for the GLM results

* Specify inputs in design matrix

* Extract time series from regions of interest

* Specify model architecture (hypothesis driven) —
* Estimate the model .

* Repeat previous 2 steps for all models ‘\m‘ \%- ‘ ‘\-\"J‘v»‘

* Compare models using Bayesian Model Selection in terms of model
fit and complexity (model comparison/selection).

* Review the estimated parameters to make inferences.

Modal it

j | Gererakzabity
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Step 1: Model Specification & Estimation

Step 2: Extraction of time series

Statistical analysis: Design

V1: Photic without applying mask Eigenvariant
fst sigenvariate: V1 VOI time-series extraction: at [ 0-83 18]
” \ H “ . : . . name of region V1
Mt .' | 'l h \ % V5: Motion w1tl'1 Atte'ntlon Efiedts of inferest
contrast as the inclusive mask i ES(E] 8

_ Tst oigenvariato: V5
SPC: Attention
1 tst cigenvariate: SPC

l“'*lﬂnl H 1l

200 400 600 SﬂD |U!ﬂ
time Y{zacondsi}

54 voels in VOl at | 0-93 18]
Variance: 91.61%

- 'MW

fu@

200 400 600 800 1000

-' h’ | J.)tr
I

Module List Current Module: IMRI model specification
+| |Help on: fMRI model specification - £ ¥ g 5
Model estimation ...als\attention\GLM i § ] i
Contrast Manager Timing parameters 5 i i i
. Units for design Scans = 8
. Interscan interval 322 =
. Microtime resolution 16
Data & Design ]
- SubjectSession —
.. Scans 360 files
. . Condition B
- Name Photic || S N
....Onsets 20x1 double
- Durations I ——
Tlme Modulation No Time Modulation _
i ﬁ

Load Model_Spec_Est_batch.mat in SPM Batch Editor
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parameters

parametar estimabiity

AurionuanMTIST 0806 mg. |

oy — et

]

23

Eme \{seconds}

30 voets in VOI &t [-36 67 -3
Vadance: TE55%
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Variance: T0.76%

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




Step 3: DCM model specification S, e

Step 3: DCM model specification %

&%) NBA

Backward model: DCM_mod_bwd

|4 Dynamic Causal Modelling (DCM12)

specify
estimate (time-series)

[E=B o =<

search

review

quit

eslimate (cross-specira)
optimise

compare
average
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Specify andogenous (fixed) connactions from

123

o Vi1 °
V52 SIole

SPC3 °

Effects of Photic  on regions... and connections

V1
V5
PG
Effects of Motion  on regions... and connections

Vi

Vi

sPC
Effects of Attantlon on reglons... and connections

Vi
Vi
SPC

25

Forward model: DCM_mod_fwd

"4\ Dynamic Causal Modelling (DCM12)

specify
estimate (time-series)

=N o =X~

estimate (cross-spectra)
search

optimise

review

compare

average

quit
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Specify endogenaus (fixed) connactions from

123

o Vi1 °
V52 SIole

SPC3 °

Effects of Photic  on regions... and connections

V1
V5
sPC
Effects of Motion  on regions... and connections

Vi

Vi

sPC
Effects of Attantion on reglons... and connactions

V1
V3
SPC
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Step 4: Model Comparison

Step 5: Review DCM results N,

Log-evidence (relative)
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DCM > compare
Bayesian Model Selection: FFX
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Models
DCM_mod_bwd DCM_mod_fwd
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Bayesian Model Selection: FFX

Maodels

DCM_mod_bwd DCM_mod_fwd

V1: responses and predictions

effects of Attention P(coupling > 0.00) 03

200 400 800 800 o0 1200

Sme {seconcs}
. V5 responses ;nd pred_iclions )

ctasrret

200 400 800 800 o 1200
me {seconds}

SPC: responses and predictions

ime {seconds}

DCM - review >
input/output/effects/location of regions/contrast
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B - modulatory effects {Hz}
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THE END

alvin4d016@ym.edu.tw
Teaching Materials: http://www.ym.edu.tw/~cflu/CFLu_course_fMRlana.html
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