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My research

Brain
• Structural anatomy
• Functional connectivity
• Neurophysiology

Language
• Word recognition
• Semantic processing
• Topics in bilingualism

Aging
• How does aging affect our 

brain, cognition, language, 
& vice versa?

Cognition
• Attention & inhibitory 

control
• Working memory
• Long term memory
• Fluid intelligence
• …

Individual 
differences
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Outline
Introduction

Structural MRI Resting-state fMRI

Anatomical correlates
of language learning

Brain age
estimation

Ongoing 
analysis

UBDA application
example

Can structural MRI inform 
cognitive & language 
functions?

Can we estimate 
cognitive age from 
resting-state fMRI?
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Basic sub-divisions of the brain

Cerebrum

Cerebellum

Corpus callosum
(fibres connecting 
both hemispheres)

Brainstem
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Age-related brain changes

Grey matter (GM)
• Massive pruning 

of early on
White matter (WM)
• Peak in early 

middle age

Human Brain Mapping, Volume: 38, Issue: 11, Pages: 5501-5518, First published: 24 July 2017, DOI: (10.1002/hbm.23743) 

Anatomical Example Functional
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Bajaj et al. 2017. Frontiers in Aging Neuroscience.Human Brain Mapping, Volume: 38, Issue: 11, Pages: 5501-5518, First published: 24 July 2017, DOI: (10.1002/hbm.23743) 

Subcortical changes Cortical changes
Anatomical Example Functional
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FreeSurfer

• A package for automatically calculating the anatomical parameters of the 
brain

• Developed at MGH Martinos Center (Boston) over the past 20-25 years

• Main functions
• Sub-cortical volume

• Surface-based analysis of the cortex
• Cortical thickness

• Cortical surface area

• Cortical volume

• Mean curvature (also known as gyrification ratio)

Anatomical Example Functional
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FreeSurfer processing pipeline
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Percentage change per decade (both gender)

Walhovd et al. 2011. Neurobio Aging.

Anatomical Example Functional
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Foreign language learning as cognitive training

• Sep 2020 to May 2021

• Research participants
• 25 older participants aged 58-69

• Italian vocabulary learning 
sessions

• Longitudinally follow their 
foreign language (Italian) 
learning performance for about 
5 weeks

Fong, Ma, Chui, Law, Hui, Au, & Wang (under review).

Anatomical Example Functional
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Language retention performance post-learning

Fong, Ma, Chui, Law, Hui, Au, & Wang (under review).

Left caudal 
middle

frontal gyrus

Left rostral 
middle

frontal gyrus

Left pars 
orbitalis

Right 
entorhinal 

cortex

Right 
fusiform 

gyrus

Left banks 
of STS

Left 
supramarginal 

gyrus

Left pars triangularis
(BA 45 of Broca’s area)

Left precentral gyrus

Anatomical Example Functional
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…
 …

 

24 hours

24 hours

24 hours

…
 …

 

UBDA application example: brain segmentation

recon-
all

recon-
all

recon-
all

25 brain scans

Anatomical Example Functional
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UBDA example: brain segmentation using FreeSurfer

• Command-line analysis pipeline (recon-all)

• recon-all -all -i ./T1/f.nii -s L101 -brainstem-structures -
parallel -openmp 6

• With parallel computing, significant speedup to ~ 6 hours per brain scan

options of the command options related to parallel processing
(here, we used 6 processors or threads)

Anatomical Example Functional
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UBDA example: brain segmentation using FreeSurfer

PBS setting
Use q2s01
Nodes=1:ppn=16
• Request 1 node
• 16 processors per node

Setup environment
• Setup Home directory

(~/freesurfer)
• Setup Subject directory

(~/SLVLsubjects)

Call the shell script

Timekeeping & log
• Display the end time
• Remove some log files

Shell script:
runSMRI_16.sh

qsub -v "var=L101" 
runSMRI_cache_q2.pbs

2

1

PBS script
runSMRI_cache_q2.pbs

3 Submit the job

Anatomical Example Functional
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Brief summary and tips (for absolute beginners)

• Procedure
• In the home directory (cd ~), install 

the required software or your own 
scripts

• Write the shell script
• PBS (Portable Batch System) script 

(.pbs)
• Setup number of nodes

• #PBS -l nodes=1:ppn=16

• Select the queue (q2s01, q4s01, 
qgpu01, qmic01)

• Setup environmental variables 
• Call the shellscript (.sh)

• Submit the job to the queue

• Useful software
• Terminal software: MobaXterm

(Windows) or Hyper (Mac)
• FileZilla: file transfer between local 

computer and server

• Most useful commands
• history | grep ‘‘qsub’’

• to keep track of the submitted jobs

• qstat
• to see what jobs are currently running

Anatomical Example Functional
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Functional connectivity

Anatomical Example Functional

ROI1: Left precentral gyrus
(primary motor cortex, 
controls right hand)

ROI2: Right precentral gyrus
(primary motor cortex, 
controls left hand)

Temporal correlations between remote 
neurophysiological events (Friston,K. J.)
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Resting-state functional connectivity

Biswal et al. (1995). Magnetic Resonance in Medicine.

Anatomical Example Functional
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Functional connectivity matrix

Frontal

Subcortical

Occipital

Temporal

Cerebellum

Parietal

Subcortical
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Example of functional connectivity pattern
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UBDA application example: brain segmentation
PBS setting
Use q2s01
Nodes=1:ppn=16
• Request 1 node
• 16 processors per node

Setup environmental variables
• Load FreeSurfer
• Setup Home directory

(~/freesurfer)
• Setup Subject directory

(~/SLVLsubjects)
• Source to set path

Call the shell script

Timekeeping & log
• Display the end time
• Remove some log files

Anatomical Example Functional
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RunRSFMRI.sh

Anatomical Example Functional
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RISA project: Brain age estimation

21 3Construct brain age models 
using large public datasets

Collect our own data to 
construct localized brain age 
models, & test their predictive 
powers for brain functions & 
prospective brain changes

Apply the brain age models 
in two clinical populations

Mild cognitive impairment

Insomnia disorder

http://adni.loni.usc.edu/

http://www.humanconnectomeproject.org/

https://www.ukbiobank.ac.uk/
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Brain age (structural neuroimaging)

Cole et al. (2017). NeuroImage.
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Fong, Hui, Fung, Ma, Law, Wang, & Wang (2020). Quarterly Journal of Experimental Psychology. 
Fong, Law, Ma, Hui, & Wang (2021). Brain and Language.

Aim 1: predicting cognitive age with brain measures

64

62

64

69

Actual age Cognitive age
Structural features

(e.g., volume, thickness, 
surface area)

ROI-1

ROI-2

ROI-N

…

ROI-1

ROI-2

ROI-N

…

ROI-1

ROI-2

ROI-N

…

ROI-1

ROI-2

ROI-N

…

67

55

62

67

Elastic net
regression

Elastic net
regression

Stroop task Attention network test

Digit span

Picture naming Verbal fluency

Raven’s SPM

HK-MoCA

P01

P02

P03

P04

5 0 2 8 4 6 9
?

Recognition
memory

Old
or

New?

apple, orange, banana …

>><>>
+
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Aim 2: 
brain complexity age (temporal)

Aim 3: 
region & network brain age (spatial)

ROI1: Left precentral gyrus

ROI2: Right precentral gyrus

…

Region
brain 
age

Community detection 
algorithm

Network
brain 
age

Within-network
rsFC

Between-network
rsFC

Multi-scale
entropy

Brain complexity 
age

Resting-state
functional 

connectivity 
matrix

Anatomical Example Functional
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Ongoing experiments

Functional Connectome of Semantic Processing
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Happy Winter Solstice!
&
Merry Christmas!


