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Outline
• Brief history of resting-state and why we should study resting-state?
• Debates in resting-state

• Resting-state data analysis

• Toolboxes
• Recommended papers
• Resting-state predicts human behavior (next time)
• Resting-state and task-fMRI (next time)

Preprocessing
ALFF/fALFF
ReHo
Degree centraility
Functional connectivity (network-based statistics)
Dynamic functional connectivity
Dynamic ICA
Graph theory
Dynamic graph theory
Hidden Markov Model (state)



< 0.10 Hz

• The brain is always active, even in the absence of explicit input or output
• task-related changes in neuronal metabolism are only about 5% of brain’s total energy 

consumption

• What is the “noise” in standard activation studies?
• faster frequencies related to respiratory and cardiac activities
• spontaneous, neuronal oscillations between 0.01 – 0.10 Hz  

Brief history of resting-state and why we should study resting-state?
Spontaneous BOLD activity



How do cortical areas interact … ?What is the neural correlate of…  
? 

Functional Segregation Functional Integration

5

‘Connectivity’ analysis

Brief history of resting-state and why we should study resting-state?
Two fundamental properties of brain architecture



Brief history of resting-state and why we should study resting-state?
First resting-state paper!



Brief history of resting-state and why we should study resting-state?



Brief history of resting-state and why we should study resting-state?

Main advantages of resting-state fMRI

1. Patients (especially mental disorder patients) , children, old people
2. Allows researchers to observe many networks at once
3. It easier for researchers to replicate each other’s experiments and 

compare results. 

In 2010, the NIH launched the Human Connectome Project:
aimed to map the brain networks of more than 1,000 people 



Debates about resting-state fMRI

Debates #1: Resting-state BOLD signals result from physiological processes, 
like respiratory and cardiac oscillations ?

Biswal et al., 1995

fMRI protocols have a low temporal resolution (common acquisition rate of 
2–3 s per scan, i.e. 0.5 Hz), causing high frequent respiratory and cardiac 
oscillations to be aliased back into the lower resting- state frequencies (0.01–
0.1 Hz). 
these higher frequent cardiac and respiratory patterns might shape the BOLD 
time-series of anatomically separate brain regions in a similar way, 
introducing artificial correlations between the time-series of these regions 



Debates about resting-state fMRI

Debates #1: Resting-state BOLD signals result from physiological processes, 
like respiratory and cardiac oscillations ?

Cardiac and respiratory oscillations have been reported to have 
a different frequency pattern and therefore a different 
frequency related influence on resting-state correlations than 
the low frequencies of interest in (0.01– 0.1 Hz) 
respiratory (0.1–0.5 Hz) and cardiovascular (0.6–1.2 Hz) signal 
frequencies

Most of the resting-state patters tend to occur between brain 
regions that overlap in both function and neuroanatomy 

Argue back 1:

Argue back 2:



Debates about resting-state fMRI

Debates #1: Resting-state BOLD signals result from physiological processes, 
like respiratory and cardiac oscillations ?

A strong association between spontaneous BOLD fluctuations 
and simultaneous measured fluctuations in neuronal spiking 

Argue back 3:



Debates #2: , eyes closed (EC), eyes open (EO), or eyes fixated on an object (EO-F)?

Debates about resting-state fMRI



l Quality control   
l Convert DICOM files to NIFTI images 
l Remove First 10 Time Points
l Slice Timing
l Realign
l Normalize
l Smooth (optional)
l Detrend (optional)
l Nuisance covariates regression
l Filter
l Calculate ALFF and fALFF
l Calculate ReHo/Degree centrality (without smooth in preprocessing)
l Calculate Functional Connectivity

Data analysis-preprocessing



Data analysis-preprocessing

How to deal with head motion?

Rigid body 6
Friston 24 (Friston et al., 1996)
Power framewise displacement



Data analysis-preprocessing
Recommend papers:



Data analysis-preprocessing
Recommend papers:



Data analysis-ALFF

Amplitude of Low Frequency Fluctuation (ALFF)
(Biswal et al., 1995; Zang et al., 2007) 



Data analysis-fALFF

Fractional ALFF (fALFF)= inclusion of information 
in frequencies outside of the normal range 

(Zou et al., 2008)

The square root was calculated at each frequency of the power 
spectrum. The sum of amplitude across 0.01–0.08 Hz was 
divided by that across the entire frequency range, i.e., 0–0.25 Hz 



Data analysis-Regional homogeneity (ReHo)

• Calculate the Kendall coefficient of concordance
• Similarity or synchronization of time courses within a cluster 

(i.e., neighboring voxels)

Ri is the sum rank of the ith time point 
!𝑅 = (n+1)K/2
K is the number of time series within a measured cluster 
n is the number of ranks (here n = 78). 



Data analysis- Degree centraliy (DC)



Data analysis- Functional connectivity(model-based)

• Model-dependent methods

• Seed-based correlation analysis (SCA) (e.g., Biswal et al., 1995)

• Whole-brain, voxel-wise functional connectivity maps of covariance with the seed region

• Structural equation modeling 

• Doesn’t take into account features of fMRI (e.g., temporal variations in connections)

• Granger causality (Roebreck et al., 2005; Sridharan et al., 2008)

• Dynamic causal modeling (DCM) (Friston et al., 2014)

(If interested in effective connectivity, recommend reading Cole et al., 2010 & Ramsey et al., 

2010)

!! Be mindful of you select ROIs 

Surface-based parcellations, atlases, subject-specific maps, coordinates from previous work



Seed-based FC

Data analysis- Functional connectivity(model-based)



Seed-based FC

=

*b

Voxel Seed 

Data analysis- Functional connectivity(model-based)



ROI-wised/network-wised FC

Data analysis- Functional connectivity(model-based)

Figure is adopted from Vogel et al., 2010

Figure is adopted from Egimendia et al., 2019
(rodents’ resting-state, 9.7T scanner)



Data analysis- Functional connectivity(model-based)

https://www.nitrc.org/projects/nbs/By Xinyuan Yan
(unpublished figure)

Network-based statistics

https://www.nitrc.org/projects/nbs/


Data analysis- Dynamic functional connectivity (model-based)



Figure is adopted from Menon et al., 2019

Data analysis- Dynamic functional connectivity (model-based)
Sliding window



Figure is adopted from Allen et al., 2014

Data analysis- Dynamic functional connectivity (model-based)



Data analysis- ICA (Independent component analysis; model-free)

ICA methods are designed to search for a mixture of underlying sources 
that can explain the resting- state patterns

Looking for the existence of spatial sources of resting-state signals that are 
maximally independent from each other. 

Tools (recommended)
Group ICA of fMRI ToolBox; GIFT (https://www.nitrc.org/projects/gift )

https://www.nitrc.org/projects/gift


Data analysis- ICA (Independent component analysis; model-free)

Figure is adopted from Allen et al., 2014



Data analysis-graph theory

Graph theory based network analysis:



Data analysis-graph theory



Data analysis-graph theory

https://sites.google.com/site/bctnet/Home/help

https://sites.google.com/site/bctnet/Home/help


Data analysis-graph theory



Data analysis-graph theory



Data analysis-dynamic graph theory



Data analysis-dynamic graph theory



Data analysis-dynamic graph theory

Pedersen et al., 2018, PNAS

Peter Mucha
https://mucha.web.unc.edu/category/collaborations/



Data analysis-Hidden markov model

… …

… …

y1
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yi
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Joint distribution
P(x1,y1,…,xn,yn) = P(y1)P(x1|y1)∏!"#

$ 𝑃(yi|yi-1)P(xi|yi)

Let us define HMM first

Details see simple_HMM.md



Data analysis-Hidden markov model



Data analysis-Hidden markov model

Vidaurre et al., 2017, PNAS



Data analysis-Hidden markov model

Vidaurre et al., 2017, PNAS



Toolboxes



Toolbox-preprocessing



Toolbox-Functional connectivity & visualization



Toolbox-Functional connectivity & visualization



Toolbox-Functional connectivity & visualization

R package circlize (https://github.com/jokergoo/circlize)

By Xinyuan Yan
(unpublished figure)

https://github.com/jokergoo/circlize


https://sites.google.com/site/bctnet/comparison/nbs

Toolbox-Network Based Statistic Toolbox



BCT toolbox (http://www.brain-connectivity-toolbox.net)

Toolbox-graph theory



Toolbox-graph theory



https://github.com/asizemore/Dynamic-Graph-Metrics

Toolbox-dynamic graph theory



Toolbox-ICA and dynamic ICA

https://trendscenter.org/software/gift/

https://trendscenter.org/software/gift/


Toolbox-HMM 

https://github.com/OHBA-analysis/HMM-MAR



Recommended papers to read
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