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Motivation and Objectives
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• User’s questions about the experiment design for an event‐related fMRI

• Share my experiences of an event‐related fMRI
– GLM analysis

– Tool: FSL FEAT

• Development of new concepts
– Regression of global signals (GM, CSF, WM) in task fMRI as in resting fMRI

– Increase BOLD sensitivity using a WSA (Weighted Square Averaging) method
• Temporal derivative

• Summation of both primary and derivative parameter estimates

• Reported to ISMRM 2018 and a revised version has been submitted to ISMRM 2019.
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Review: General Linear Model in fMRI
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Review: General Linear Model in fMRI
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Nonlinear BOLD Response

5Jung, MRI, 2009

Linear Nonlinear

HMRC, Dr. Jung

HRF Fitting: Linear vs Nonlinear (F2, ISI = 6 s)
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Linear Nonlinear

HMRC, Dr. Jung



1/21/2019

HMRC, Dr. Jung 4

Event fMRI: Face Working Memory
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8 sec 16 sec

Druzgal & D’Esposito, JCN, 2003

Explicit stimuli: encoding, retrieval, button response
Implicit stimuli: delay

HMRC, Dr. Jung

Blocked vs Event‐Related Design
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Blocked Event

Stimulation (explicit) Repetitive Single

Duration of a repetitive stimuli long (<=4 sec) short (<= 2 sec)

Duration of implicit stimulation Long Long
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Sustained BOLD activity in bilateral PFC
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BOLD time course study
• Jung, OHBM 2010
• Analyze the data in 
Druzgal’s paper

• Model the retention 
period as an exponential 
decay

• Explanation of the peak 
time shift
– Not due to the top‐down 
information flow

– But due to the overlap of 
the sustained signal from 
the cue into the probe 
period.
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FFA

PFC
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Face Recognition?
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Not a real scene, conceptual picture
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Left PFC

• Science, 1998
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Fig. 2. Areas with significant sustained activity 
in a single subject during the working memory
delay for faces (blue outline) and for spatial 
locations (red outline) overlaid onto
the subject’s Talairach normalized anatomical 
MR image.
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Hypothesis: Damaged Fiber Connection
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DLPFC

FFA

DLPFC

Left Right
genu

FFA

Temporal 
lobe

The left DLPFC plays a central role  for the face recognition with 
connections to the temporal lobe and the contra‐lateral DLPFC.

A damage to the connecting fiber to the left DLPFC could result in 
prosopagnosia and it might explain the case of SM (the red x).

X
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Tracts (ExploreDTI, CSD)
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Experiments

• Task: face working memory task

• Data were collected during MNTP (multimodal 
neuroimaging training program) workshop in 
Pittsburgh (University of Pittsburgh and 
Carnegie Mellon University) in 2010 (Allegra) 
and 2011 (Verio)
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Emilie Tim Xiohan Hae‐Song

MNTP 2010
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Task: One block

Probe (1s)Cue (2s)

Rest (18s)

Retention
(8s)

(1) Cue: Three faces are shown sequentially one by one during 2 sec for all 3 faces.
(2) Retention: Retain the face memory until the probe.
(3) Probe: 

‐ Press an index finger if the face matches to one of the 3 faces shown in the 
cue.

‐ Press a middle finger if the face does not match to one of the 3 faces shown 
in the cue

HMRC, Dr. Jung 16
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Task: A run with 10 blocks

Repeat (x10)

++ +
2 sec 8 sec 1 sec 18 sec

Cue Probe/Resp

Scanner: Siemens 3T, Allegra (2 subjects) and Verio
TR = 2 sec
TE = 25 ms (Allegra) and 30 ms

HMRC, Dr. Jung 17

Single Subject (008): BOLD at FFA

• Brain Voyager QX 2.84

18HMRC, Dr. Jung
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Sustained BOLD at Left DLPFC
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• Brain Voyager QX 2.84

HMRC, Dr. Jung

BOLD results (BV QX, GLM)

20

Probe (1 s)

HMRC, Dr. Jung
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Preparation for GLM Analysis

• 9 subjects

• Fixed conditions: Cue, retention (delay), Probe

• Subject‐dependent condition: Response

• Conversion of behavioral data (ePrime edata) into a condition 
file

• Conversion of Dicom to Nifti: MRICRON dcm2nii

21HMRC, Dr. Jung

Check of Processing Pipeline: Registration

22

R
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1/21/2019

HMRC, Dr. Jung 12

Check of Processing Pipeline: Motor
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R
R
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Construct a Directory Structure

• Automated processing

• Directory (custom)
– EV (subject independent)

– subjects
• subject_id

– Dicom

– ev

– fsl

– nifty

• BIDS (Brain Imaging Data 
Structure) : 
http://bids.neuroimaging.io

24HMRC, Dr. Jung
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Overlapped Conditions: Orthogonalization
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Motion Outlier: Regression

26

Frame Difference

Motion Motion Outliers
Global
(GM,CSF,WM)

HMRC, Dr. Jung
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Slice Timing Correction (STC)
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Construction of An Inter‐Volume 
without An Interpolation
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Open Neuro, UCLA (TR=2s): #11044

Full TR
STC+MCF

Half TR
MCF

Full TR
STC+MCF

Half TR
MCF

Rotation

Translation

HMRC, Dr. Jung 29

Phase (Time Shift) of HRF
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HRF Timing 
by Phase: 
Retain > Cue, 
Stepped 
retention, 
Global 

confounding

31

Phs = 
0 sec

HMRC, Dr. Jung
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HRF Timing 
by Phase: 
Retain > Cue, 
Stepped 
retention, 
Global 

confounding

Phs = 
0.5 sec

HMRC, Dr. Jung
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HRF Timing 
by Phase: 
Retain > Cue, 
Stepped 
retention, 
Global 

confounding

Phs = 
1 sec

HMRC, Dr. Jung

Hemodynamic Response Function

• Double Gamma

• Gamma: sustained activity

34HMRC, Dr. Jung
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Retention 
Model: 

Retain > Cue 
Global 

confounding,
Phs=1sec,
Stepped

Gamma

HMRC, Dr. Jung
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Retention 
Model: 

Retain > Cue 
Global 

confounding,
Phs=1sec,
Stepped

Double 
Gamma

HMRC, Dr. Jung



1/21/2019

HMRC, Dr. Jung 19

BOLD Model During Retention (Delay)

• Implicit stimulation

• Simple methods:

(a) Full duration

(b)Half duration

(c) Stepped

37

Que
Pri
me

Retention

Que
Pri
me

Retention

Que
Pri
me

Retention
0.5
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EV (Experimental Variable) Files

38HMRC, Dr. Jung
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Retention 
Model: 

Retain > Cue, 
Global 

confounding,
Phs=1sec,
Gamma

Flat Full

HMRC, Dr. Jung
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Retention 
Model: 

Retain > Cue, 
Global 

confounding,
Phs=1sec,
Gamma

Flat Half

HMRC, Dr. Jung
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41

Retention 
Model: 

Retain > Cue 
Global 

confounding,
Phs=1sec,
Gamma

Step
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Brain Segmentation

• Segment MPRAGE

• Erosion

• Coregister segmented 
MPRAGE to EPI

• Brain, Gray matter, CSF, Whit 
matter

• Weighted (partial volume)

42HMRC, Dr. Jung
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Global Signal Regression

• Brain, Gray matter, CSF, Whit 
matter

• Weighted (partial volume)

• Mean signal of EPI time series

• Combine global time series 
into estimated motion

• Apply to confounding

43HMRC, Dr. Jung

Global Signal Regression: Design Matrix

• Graphical plots: design.png

• Real values: design.mat

44

GM, CSF, WM

HMRC, Dr. Jung
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Group Analysis Results

• Mixed effects (FLAME1)

• Z  > 2.3, Cluster P < 0.01

• Template: Standard 
space(MNI T1, 2mm)

45HMRC, Dr. Jung

Effect of Global Signal Confounding: Retain > Cue 
(Stepped retention, Phs=1sec)

46Without With
HMRC, Dr. Jung
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Global 
Signal 

Confound: 
Retain > Cue, 
Stepped 
retention,
phs=1sec 

47

GM
CSF
WM
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Global 
Signal 

Confound: 
Retain > Cue, 
Stepped 
retention,
phs=1sec 
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GM
CSF
WM

HMRC, Dr. Jung
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Global 
Signal 

Confound: 
Retain > Cue, 
Stepped 
retention,
phs=1sec 
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GM
CSF
WM

HMRC, Dr. Jung

Global Intensity Normalization

• The use of the global signal 
in the task fMRI analysis is 
not new.

• It is not popular anymore

• False activation on the 
white matter

50HMRC, Dr. Jung
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Global 
Signal: 

Retain > Cue, 
Stepped 
retention,
phs=1sec,

without global 
confounding 
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Intensity 
Normali
zation

HMRC, Dr. Jung

Global 
Signal: 

Retain > Cue, 
Stepped 
retention,
phs=1sec,

without global 
confounding 
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Intensity 
Normali
zation

GM
CSF
WM

HMRC, Dr. Jung
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Global 
Signal 

Confound: 
Retain > Cue, 
Stepped 
retention,
phs=1sec 
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GM
CSF
WM

HMRC, Dr. Jung

Angular Gyrus?

• Memory retrieval

• Spatial cognition

• Language

• Number processing

• Attention

• Theory of mind

54HMRC, Dr. Jung



1/21/2019

HMRC, Dr. Jung 28

Conn Toolbox: Confounding of CSF+WM  (Conditions: subject independent)

55HMRC, Dr. Jung

Confounding: CSF + WM + GM

56HMRC, Dr. Jung
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Conn Toolbox: CSF+WM

57HMRC, Dr. Jung

CSF+WM+GM

58HMRC, Dr. Jung
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Another Event‐Related fMRI

• Title: Visual Zoom

• PI’s: Dr. Kyle Cave and Dr. Matt Davidson

• Scans

– HMRC, 20‐ch head/neck RF coil

– BOLD: TR=1.5sec, TE=30ms, 44 slices, 3x3x3 mm, 362 volumes (543 
sec)

– T1W 3D, Fieldmap

– 17 valid subjects out of 19 (College students, motion)

HMRC, Dr. Jung 59

Paradigm: Tree or Diamond?
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X

X

X

X

Large

Small

Undistracted

Distracted

Correct

IncorrectCue Target
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Check of Processing Pipeline: Motor

61

R

HMRC, Dr. Jung

Global 
Signal 

Confound: 
Retain Large, 
Full retention,
phs=0.75sec,

WSA 

62

GM
CSF
WM

HMRC, Dr. Jung



1/21/2019

HMRC, Dr. Jung 32

Global 
Signal 

Confound: 
Retain Large, 
Full retention,
phs=0.75sec,

WSA 

63

GM
CSF
WM

HMRC, Dr. Jung

Temporal Derivative + Weighted Square Averaging (WSA)
Caudate nuclei

64Before WSA After WSA

Feedback

HMRC, Dr. Jung
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Weighted 
Square 

Averaging: 
Feedback, 
Global conf.,
Full retention,
phs=0.75sec,

65

Before
WSA 
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Weighted 
Square 

Averaging: 
Feedback, 
Global conf.,
Full retention,
phs=0.75sec,
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After
WSA 

Caudate 

nuclei
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Summary of Even‐Related Design

Sensitive to BOLD model 

– HRF selection

– Phase: TR/2

– Intrinsic stimulation

67

Design 

– Fixed

– Fixed order of randomized 
jitter

Global signal regression in 
task fMRI 

– GM + CSF + WM

– Contrast

Weighted Square Averaging

– Temporal derivative

– Averaging using a new 

algorithm

HMRC, Dr. Jung

Thank you for your attention.

68HMRC, Dr. Jung


