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Conn 

Function: Perform functional connectivity analyses  

 

• The toolbox implements  art  for motion artifact rejection and 

the aCompCor strategy for physiological (and other) noise 

source reduction, first-level General Linear Model for 

correlation and regression connectivity estimation, and second-

level random-effect analyses. 

 

• The toolbox is designed to work with both resting state scans 

and block designs where rest is another block amongst other 

conditions.    

 

The following slides illustrate the basic operation of the toolbox 



Steps 

Step 1:  Setup 

Step 2: Denoise and explore confounds 

Step 3: Analyze and view 1st level results 

Step 4: Define contrasts and view 2nd  level results. 
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SETUP 

   Defines experiment information, file sources for 

functional data, structural data, regions of interest, 

and other covariates. 
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Conn Setup 

SETUP 

   Basic : Defines basic experimental information 

In this example: 10 subjects 

  TR = 2 seconds 
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SETUP 

   Structural : Defines structural data source files 

Assumes coregistered to functional volumes –i.e. same orientation; use spm 

checkreg to check orientation) 
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SETUP 

   Functional : Defines functional data source files 
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SETUP 

ROIs : Define ROI masks (mask files or Talairach coordinate files). 

• By default all files in the rois toolbox folder (./conn/rois) will be imported as initial regions 

of interest. To import new ROIs, click below the last ROI listed.  

• The special ROIs corresponding to grey matter, white matter, and CSF can be imported 

here (if they have already been created) or they will be automatically created from each 

subject structural data.  
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SETUP 

ROIs :  

For each ROI a number of functional time-series (dimensions) can be extracted: the 

first time-series is the average BOLD activation within the ROI; the following time-

series are the ones associated with each sequential eigenvariate (from a principal 

component decomposition of the BOLD activation among all voxels within the ROI).  
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SETUP 

ROIs :  

For each ROI may have multiple ROIs such as the Brodmann atlas (BA) 

Conn 



SETUP 

ROIs :  

The default atlas is now  the Harvard-Oxford Atlas 

In addition to the cerebellum regions from the AAL Atlas 
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Conn/Rois/Atlas.info 

 



SETUP 

   Conditions : Defines experimental conditions. 

 (assumes block design; conditions are defined 

 by onset and duration of each block) 

-  Onsets and Durations are in seconds.   
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SETUP 

   Conditions : Optional Fields. 

  

Conn 

Optionally, you may also define a temporal modulation factor  

(in condition-specific temporal modulation; this defaults to a timeseries defined by 

hrf-convolvution of the condition blocks/events) in order to perform gPPI analyses for  

task-related designs, or analyze potential temporal-modulation in fcMRI measures.  

In addition, each condition may have a condition-specific band-pass filter  

as a way to explore potential frequency- modulation of fcMRI measures. 

 

 

 gPPI 



SETUP 

   Conditions : Time-frequency decomposition 
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No decomposition (default)  

Fixed band-pass filter (condition specific bpf) 

Frequency decomposition (filter bank) 

Temporal decomposition (sliding window) 

 



SETUP 

   Conditions :  

Conn 

 

Frequency decomposition  

(filter bank) 

 

Explore frequency-dependent variations: 

select filter-bank in the temporal filter field, 

enter the desired # of frequency filters. This will  

partition the freq band defined in Denoising  

step into n equally-sized frequency regions,  will  

automatically create one condition associated  

with each of these frequency bands.  

This allows you to use between-condition 

 effects/contrasts as a way to analyzing 

 potential frequency-dependent differences 

          in any of your fcMRI measures 



SETUP 

   Conditions :   
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Temporal decomposition 

 (sliding window) 

 

Trade-off when selecting the window length 

 is to get a "long enough" time-window 

 so that the resulting correlation estimates are 

 sensitive (too few samples result in too noisy estimates) 

while being "short enough" to capture slow-varying  

dynamic changes in functional connectivity.  

Between 60s and 100s is a reasonable range. 

  

 



SETUP 

   Covariates – first level: Defines within-subject  covariates (e.g. 

realignment parameters  and outliers) 

(one .txt  or .mat  file per subject/session; files should contain as many rows as 

scans) 
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Outliers (Artifactual Time Points) 
Six Outliers 



SETUP 

   Covariates – first level:  

 art_regression_outliers_movement * .mat from art 
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SETUP 

   Covariates – first level:  

art_regression_outliers_movement * .mat from art 
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Dimensions [62 13]: 62 time points, 6 motion, 1 composite, 6 outliers 



SETUP 

   Covariates – first level:  

May enter motion parameters and outliers seperately and choose 

To take the first order derivative of the motion parameters ( in 

conn denoising step). 
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SETUP 

   Covariates – second level: Defines between-subject covariates 

 (e.g. subject groups) 

 (each covariates is defined by a vector with as many values as 

 subjects; use 1/0 to define  subject groups, or continuous values to 

 perform between-subject regression models) 
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Specification of 2nd level 

Covariates 

  

 

 

 

 

 

 

 

 

 

 

 

For example, we could have a study with two subject groups 

 and one behavioral measure of interest. In the second-level 

 setup step we defined the following second-level covariates:  

All: containing a 1 for all subjects 

groupA: containing 1 for sub in group A and 0 for sub in group B 

groupB: containing 1 for sub in group B and 0 for sub in group A 

 

Behav: containing the behavioral measure for all subjects 

BehavA: containing the behavioral measure for sub in group A and 

0 for sub in group B 

BehavB: containing the behavioral measure for sub in group B and 

0 for sub in group A 

 



Specification of 2nd level Covariates -> 

 2nd Level Subject Effects 

  

 

 

 

 

 

 

 

 

 

 

 

*Note: These 2nd Level Covariate con be specified anytime, everything else in Setup 

                              must be done prior to Denoising  



SETUP 

   Options: Defines additional analysis options and save options 

 Planned analyses: ROI-to-ROI, Seed-to-Voxel, Voxel-to-Voxel,  

 Dynamic FC 

 Spatial resolution: voxel size for analyses (e.g. 2mm isotropic) 

 Analysis mask: brainmask.nii or implicit mask (SPM subject-specific mask) 

 Optional output files 
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SETUP 

Conn 

Optional output files are: 

Confound beta-maps:  these are the estimated regressors 

 associated with each confounding effect during the CompCor method (one volume per 

 confounding effect per subject per session); 

Confound-corrected time-series’, BOLD timeseries volumes after CompCor  

removal of confounding effects and   BPF;  

First Level r, p, FDR maps 

ROI extraction rex maps 



SETUP 

• When finished defining the experiment data press Done 

  This will import the functional data, it will also perform normalization & 

segmentation of the structural data in order to define gray matter/ white 

matter/ CSF regions of interest if these have not been already defined. 

Last it will extract the ROIs time-series (performing PCA on the within-

ROI activations when appropriate).  

  This process could take between 5-10 minutes per subject.  

  After this process is finished come back to Setup to inspect the 

resulting ROIs for possible inconsistencies.  

• a conn_*.mat file and a folder of the same name will be created for 

the project.  

• Save / “Save as” button will save the setup configurations in a .mat 

file, which can be loaded later (Load button). 

• The .mat file will be updated each time the “Done” button is 

pressed 
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Steps 

Step 1:  Setup 

Step 2: Denoising 

Step 3: Analyze and view 1st level results 

Step 4: Define contrasts and view 2nd  level results. 



DENOISING 

Define, explore, and remove possible confounds.  

Any global signal that simultaneously affects otherwise unrelated areas 

(e.g. physiological noise, subject movement) can act as a confound in 

functional connectivity analyses.  
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DENOISING 

Define possible confounds:  

By default the system will utilize white matter and CSF BOLD time-series (5 

dimensions each), as well as any previously-defined within-subject 

covariate (realignment parameters) together with their first-order 

derivatives, and the main condition effects (blocks convolved with hrf) as 

possible confounds. 
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DENOISING 

Define possible confounds:  

• User can define at this step these or other possible confounds, and 

inspect, for each subject and session, the contribution of each confound to 

the BOLD response (displayed as percentage BOLD variance explained) 

• Threshold in the preview window represents r-square values  
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Effects of noise reduction on  

correlation distribution 
 



DENOISING 

Define possible confounds:  

•  
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User can visualize the shift of distribution of correlations coefficients pre/post denoising  



DENOISING 

Define possible confounds:  

•The user can also define a band-pass filter at this stage to further reduce 

the effect of possible confounds or to limit the subsequent connectivity 

analyses to a given frequency window of interest 

•To see a description of an input field, point cursor to the field.  
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DENOISING 

Define possible confounds:  

•The user can also define a additional steps (detrending/despiking) 

•To see a description of an input field, point cursor to the field.  
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DENOISING 

Define possible confounds:  

•Last the user can choose After Regression or Simultaneous 

•To see a description of an input field, point cursor to the field.  
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Reg BP vs Simultaneous 

• 'RegBP' (the default setting in CONN)  

 

• 'RegBP'  vs 'Simult‘:   Simult allows fitting the regressor effects specifically 

over the frequency of interest (i.e. the effects are assumed to be potentially 

different within the frequency of interest as opposed to outside of the 

frequency of interest, while RegBP assumes that the effects are 

independent of frequency).  

 

• The "independence of frequency" assumption is reasonable (and specially 

appropriate for regressors such as the ART-generated outlier regressors, 

which are meant to identify individual scans and therefore span the entire 

frequency range) so I expect RegBP to produce a more accurate 

characterization and removal of these effects.  

 

Alfonso 



When finished defining/exploring the effect of confounds press 

Done. This will remove the effects of the defined confounds on all 

brain voxels and regions of interest. 

This process could take ½ minute per subject.  

After this process is finished go to the Analyses section 
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DENOISING 



Steps 

Step 1:  Setup 

Step 2: Denoising and explore confounds 

Step 3: Analyze and view 1st level results 

Step 4: Define contrasts and view 2nd  level results. 



ANALYSES 

Define and initially explore the functional connectivity of different sources. 
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ANALYSES 

Define sources of interest:  

In this step the user defines the sources (ROIs) for the functional 

connectivity analyses. Each source can be defined by a single time-series, 

or it can include several time-series (several dimensions from a single ROI, 

or first- or higher-order derivatives of the above). The user can choose 1 or 

multiple frequency bands. 
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ANALYSES 

Define Analysis Option:  Functional connectivity (weighted GLM),  

Task modulation effects (PPI), Temporal modulation effects 

(Dynamic FC) 
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ANALYSES 

Define Analysis Option:  Functional connectivity analyses can be 

performed based on regression (beta values) or correlation (Fisher 

transformed) measures. In addition when multiple sources are used one 

can define whether the analyses should focus on bivariate or semipartial 

correlation measures (or bivariate or multivariate regression) 
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Analysis Options in Conn 
•  

 

• Use Correlation (bivariate) to study the pairwise connectivity between every 

voxel of the brain and each source ROI separately (effect sizes represent 

correlation coefficients)  

 

Use Correlation (semipartial) to study the connectivity that is unique to each 

ROI (that is not mediated by connectivity from the other ROIs) 

 

•  

Use Regression (bivariate) to study bivarate regression models predicting each 

voxel BOLD signal in terms of the BOLD signal from each of the ROIs separately 

(effect sizes represent % changes in BOLD activity at each voxel associated 

with a 1% change of BOLD activity in the source ROI) 

 

• Use Regression (multivariate) to study multivariate models predicting each voxel 

BOLD signal in terms of the BOLD signal from all of the ROIs simultaneously 



ANALYSES 

Within-condition weights determines how the different scans within each 

condition should be weighted when estimating connectivity measures. None 

weights all scans equally, hrf weights them with a block-convolved hrf 

function (incorporating expected hemodynamic delays), and hanning 

weights them using a hanning window (selecting the scans at the center of 

each block in order to minimize possible border effects) 
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ANALYSES 

•At any time the resulting connectivity maps can be inspected for each 

subject/condition in the preview window (Analyses here are performed in 

real-time ). 

•Threshold represents correlation coefficients, or beta values for regression.  
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ANALYSES 

When finished defining/exploring the connectivity analyses press Done. 

This will perform the defined analyses for all subjects and allow the user to 

explore second-level (between subject) results. 

First-level results are also exported as .nii volumes (one per 

Subject/Condition/Source combination) in the results/firstlevel folder 

This process could take 1 minute per source (depending on number of 

subjects in the study). 
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Steps 

Step 1:  Setup 

Step 2: Denoising and explore confounds 

Step 3: Analyze and view 1st level results 

Step 4: Define contrasts and view 2nd  level results. 



RESULTS 

Define and explore contrasts of interest and second-level results 
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RESULTS 

Explore second-level results:  

Functional connectivity measures are tested at the second-level (between-

subject) using random-effect analyses. The results display shows effect 

sizes (measures defined in the previous step; e.g. bivariate correlation), 

which can be thresholded using an (uncorrected) false-positive threshold 

(p-values).  
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RESULTS 

Explore second-level results:  

Source(s) connectivity can be tested separately simply selecting the 

corresponding ROI(s) in the menu 

(note: when sources were defined by multiple time-series, source names 

will follow the convention ROI_DimensionNumber_DerivativeOrder) 
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RESULTS 

Explore second-level results:  

Multiple ROIs/sources can be selected simultaneously in order to aggregate 

or compare the connectivity results across several ROIs (e.g. to compare 

the connectivity between LLP & RLP select both sources and enter [1,-1] in 

the ‘between-sources contrast’ field) 

Conn 

vv 



Between Subjects Contrast 
 

 

“Between-subjects contrast”: in the “Subjects” list will appear  

 all of the defined second-level effects 

 (e.g. subject groups, or subject covariates such as a behavioral 

 measures). 

 

Selecting multiple of these effects will create a second-level 

GLM that will include only the selected effects.  

 

Between-subjects contrast can then be used to define what 

aspect 

 of this second-level model one wishes to analyze  

 

 

 

 

 

 

 



RESULTS 

Explore second-level results:  

Selecting multiple second-level effects in the Subject effects list and 

defining Between-subjects contrast can be used to test more complex 

second-level models (e.g. regression analyses for age-related connectivity 

changes) 
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RESULTS 

Explore second-level results:  

ROI-ROI 
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RESULTS 

Explore second-level results:  

ROI-ROI Results Explorer 
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RESULTS 

Explore second-level results:  

ROI-ROI Results Explorer: Connectome Display 

Conn 



RESULTS 

Explore second-level results:  

ROI-ROI Results Explorer: Connectome Display with Brains 
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RESULTS 

Explore second-level results:  

ROI-ROI Results Explorer: Axial Display 
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RESULTS 

Explore second-level results:  

ROI-ROI Results Explorer: Axial Display 3D 

Conn 



RESULTS 

Explore second-level results:  

ROI-ROI Results Explorer: Axial Display - Example 
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Beaty et al., Scientific Reports 2015 



RESULTS 

Explore second-level results:  

ROI-ROI Results Explorer: Graph Metrics 
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RESULTS 

Explore second-level results:  

ROI-ROI Results Explorer: Graph Metrics 
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Network Node Selection 

Adjacency Matrix Threshold 



Graph Output 



RESULTS 

Explore second-level results:  

ROI-ROI Results Explorer: Graph Metrics Examples  
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Beaty et al., Scientific Reports 2015 



Negative Associationg between IQ and normalized path length 

RESULTS 

Explore second-level results:  

ROI-ROI Results Explorer: Graph Metrics Examples  



RESULTS 

Explore second-level results:  

Seed-Voxel  
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RESULTS 

Explore second-level results:  

Seed-Voxel: Explorer  
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RESULTS 

Explore second-level results:  

Seed-Voxel Explorer, thresholds, one sided pos/neg/ two sided 
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RESULTS 

Explore second-level results:  

Seed-Voxel Explorer, Anatomical Locations of Significant Clusters 
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Atlas 
The current atlas being used in CONN for the anatomical locations is the one in 

/rois/atlas.nii. This atlas includes cortical and subcortical ROIs from the FSL 

Harvard-Oxford atlas, as well as cerebellar ROIs from the AAL Atlas.  

 

You can find more info about how this atlas was generated in /rois/atlas.info.  Users 

can change the atlas that will be used for this anatomical labeling of CONN 

displays by going to the Tools.GuiSettings menu and clicking on the 'background 

reference atlas' button (e.g. you can revert that back to our previous BA atlas in the 

conn/utils/otherrois/ folder) 

  



RESULTS 

Explore second-level results:  

Seed-Voxel Explorer: Display Options: Surface; Volume; Slice; SPM 
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RESULTS 

Explore second-level results:  

Seed-Voxel Explorer: Display Options: Surface; Volume; Slice; SPM 
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RESULTS 

Explore second-level results:  

Seed-Voxel Explorer: Export Mask 
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RESULTS 

Explore second-level results:  

Seed-Voxel Explorer: Import Values 
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RESULTS 

Explore second-level results:  

Seed-Voxel Explorer: Import Values 
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Or other clusters of interest 

(select mask.img) 

Or Connectivity Values 

(select SPM.mat) 



RESULTS 

Explore second-level results:  

Import Values -> Tools -> Calculator 
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RESULTS 

Explore second-level results:  

Seed-Voxel Explorer: Display Values 
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RESULTS 

Explore second-level results:  

Seed-Voxel Explorer: Display Values 
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voxel-to-voxel connectivity 

Analyzing the entire matrix of voxel-to-voxel correlations (entire connectome) 

has the potential to address issues of functional connectivity without being 

limited to a priori seeds/ROIs (e.g. what aspects of the functional connectivity 

between brain areas change with age) 

RESULTS 
Conn 



voxel-to-voxel connectivity 

Analyzing the entire matrix of voxel-to-voxel correlations (entire connectome) 

has the potential to address issues of functional connectivity without being 

limited to a priori seeds/ROIs (e.g. what aspects of the functional connectivity 

between brain areas change with age) 

Problem: Huge multiple comparisons issues. N=200.000 voxels (2mm isotropic 

voxels). Voxel-to-voxel correlation matrix contains 199.000.000.000 

correlations. Multiple comparison correction results in very low sensitivity  

voxels 

v
o

x
e
ls

 

Correlation between 

area A and area B 
A 

B 

RESULTS 
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voxel-to-voxel connectivity 

Several approaches have been proposed 

Functional connectivity indexes. Focus on specific aspects of the functional 

connectivity between each voxel and the rest of the brain 

Integrated Local Correlation (ILC, Deshpande et al. 2007). Average 

connectivity between a voxel and its neighbors (one number per voxel) 

Radial Correlation Contrast (RCC, Goelman, 2004). Spatial asymmetry of the 

local connectivity pattern between a voxel and its neighbors (three numbers per 

voxel) 

Intrinsic Connectivity Contrast (ICC, Martuzzi et al. 2011). Average squared 

connectivity between a voxel and the rest of the brain (one number per voxel) 

voxels 

v
o
x
e
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Correlation between area  

A and the rest of the brain 

Instead of this whole 

pattern of functional 

connectivity (200.000 

numbers), consider 

only some aspect of 

this pattern 

(characterized by a few 

numbers) 

A 
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voxel-to-voxel connectivity 

A natural extension of these approaches uses a data-driven approach (PCA) 

to determine a low dimensional characterization of the pattern of connectivity 

between each voxel and the rest of the brain 

Connectome-MVPA (Nieto-Castanon et al. in preparation). Multivariate pattern 

analyses of the functional connectivity pattern between each voxel and the rest 

of the brain 

voxels 

v
o
x
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Correlation between area  

A and the rest of the brain 

Instead of this whole 

pattern of functional 

connectivity (200.000 

numbers), consider a data-

driven low dimensional 

characterization 

(characterized by a few 

numbers) 

A 
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Voxel-to-Voxel analyses 

MVPA (multivoxel pattern analyses) 
Feature of interest: Connectivity pattern (abstract multivariate representation) 
Omnibus test (exactly equivalent of seed-level F-test in ROI-to-ROI analyses; 
Similar to Shehzad et al. CWA) 

PCA 

PCA: Principal Component 
Decomposition of variability in seed-
to-voxel connectivity patterns across 
subjects and conditions. Keep N 
strongest components (disregards 
average) 



voxel-to-voxel connectivity: MVPA: Conn Examples  

RESULTS 

Beaty et al., Scientific Reports 2015 

Figure 2.  MVPA-based brain regions predicting clinical response in SAD to CBT.  

Empirically-defined seed regions (left). Clusters in red (right) identify brain regions that 

 predicted clinical outcome as a function of temporal correlations with the seed regions. 

  Whitfield-Gabrieli et al., Molecular Psychiatry, In Press  



 



In order to form white matter ROIs, the white matter partial 

volume maps are thresholded at a partial volume fraction 

of 0.99 and then eroded by one voxel in each direction to 

further minimize partial voluming vwith gray matter. 

 

CSF voxels were determined by first thresholding the CSF 

partial volume maps at 0.99 and then applying a three 

dimensional nearest neighbor criteria to minimize multiple 

tissue partial voluming.  

White Matter and CSF Erosion 



List of Sources: 

Results/firstlevel/Analysis_01 



White Matter and CSF Erosion 



 Atlases 

There are two formats of the associated .txt files that can be entered to conn: 

 

1)  [ROI_label]: enter in order all of the labels in the atlas (the one in the first 

row of the .txt file will correspond to the areas in the .nii file labeled as '1', the 

label in the second row will correspond to the areas labeled as '2', etc.)  

 

2) [ROI_number ROI_label]:  enter pairs of numbers/labels (separated by a 

whitespace or a tab) and, for each pair, conn will associate the areas in the .nii 

file labeled as 'ROI_number' value with the associated  'ROI_label' string.  

 

In addition you can also use (instead of a .txt file) a .csv file (comma-separated 

file) or .xls file (excel format) using the same convention as the case (2) above 

(two columns, the first with ROI numbers and the second with ROI labels).  

 

Note: you can also find the AAL atlas (relabeled to this format) in the standard 

distribution of conn under the directory conn/utils/otherrois/ (the files named 

aal.nii and aal.txt) 

 



“ROI” Free Surfer 

• To be able to use the FreeSurfer parcellation file (e.g. 

aparc+aseg.nii) in the toolbox we’ll need to locate the 

appropriate color table file from Freesurfer 

(FreeSurferColorLUT.txt) and copy and rename this file 

to the same 

 

• Name as the .nii file (but with the .txt extension, e.g., 

aparc+aseg.txt).  Then the .nii file can be used as the 

standard ROI files in the toolbox and all of the ROIs and 

labels are imported. 

•   


