This document describes how to analyze the attention dataset (http://www.fil.ion.ucl.ac.uk/spm/data/attention/) using the connectivity toolbox (version 11f, http://web.mit.edu/swg/sofware.htm) to explore the results in Friston et al (1997) regarding the attentional modulation of connectivity between V2 and V5.
All of the analyses describe here can also be performed in batch mode without any user interaction. Simply download and unzip the attention.zip dataset, change the current directory in matlab to the location of the unzipped attention folder, and run conn_batchexample_attentiondataset. The analyses should take about 20 minutes, and they include the initial spm-preprocessing of the data and the connectivity analyses described below. When the script finishes launch the connectivity toolbox, load the newly created conn_attention.mat project, and proceed to results to explore the results.
INITIAL PREPROCESSING
1. In SPM, normalize the anatomical data, and apply the same transformation to: a) the anatomical T1 volume; b) the functional series; c) the c1 c2 c3 segmentation masks; and d) the V2 and V5 masks (defined in subject space from SPM Chapter 16 PPI interactions, V2=[12,-78,-12] with radius 6mm, and V5=[39,-72,0] with radius 6mm)

SETUP

2. Launch the connectivity toolbox (type conn in matlab)
3. In Setup:Basic. Define “1” subject, TR=3.22 seconds, 1 session
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4. In Setup:Functional. Select the 360 normalized functional volumes 
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5. In Setup:Structural. Select the normalized anatomical volume
[image: image3.png]STRUCTURAL DATA SETUP

Subjects Files
1 fie]
dciveimtisus .. SMODSE7_0002.mg
Dimensions: 7985 63

Defines experimertal condtions

Select structural data fifes Find
Folder D edriveWT\Susan PPl
Fiter “img, *ni

‘conn_example0
functonal
my_analysis
structural

maskimg





6. In Setup:ROIs. Remove the default FOX rois (right click on the ROI names). Keep the default TD mask. Add the V2 and V5 rois (click on the empty space below the last ROI and enter “V2” as ROI name, “1” dimension, and then select the normalized V2 mask to add the V2 roi)
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7. In Setup:Conditions. Define the four conditions of interest (Fixation, Stationary,Attention, and no-Attention). Durations are 32.2 seconds (10 scans), onsets can be defined manually or by loading the file onsets.mat in the matlab workspace (this loads four variables named fix, stat, natt, and att, which contain a vector of onsets –in seconds- indicating the beginning of each block for each of these four conditions) and entering the respective variable name in the “onset” field.
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8. In Setup:Covariates:First-level. Define one covariate accounting for within-session effects (the functional data has been concatenated from four original runs). Define a new covariate “runs” and select the file runs.mat containing the appropriate session-effect regressors (you can create this file as: X=kron(eye(4),ones(90,1));save(‘runs.mat’,’X’); from the matlab command line).
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9. In Setup. Press “Done” and wait until the process finishes. This will import the functional data into the toolbox and extract the time-series from all the ROI masks defined as well as perform an initial PCA decomposition form the noise ROIs.
PREPROCESSING
10. In Preprocessing. Confounds. Leave the standard confounds (White matter, CSF, runs, Effect of Fix, Stat, Natt, and att), and add one additional confound defining the global grey matter signal (select grey matter in the left list, click the right arrow, and change the dimensions to “1”). We are adding this confound here (usually it is not necessary) because this dataset does not have realignment information (usually defined as first-level covariates) and removing the global grey matter signal is an alternative way to help reduce these confounding effects. 

11. In Preprocessing. Filter. Change the band-pass filter parameters to [.01 inf] (to define a high-pass filter with cutoff frequency of 0.01Hz)
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12. In Preprocessing. Press “Done” and wait until the process finishes. This will remove the effect of the defined confounders and band-pass filter the functional timeseries.
ANALYSES
13. In Analyses. Sources. Include in the Sources list only the ROIs that you want to use as seeds. In this case we want to remove all of the TD.* rois from the Sources ist (select them and click the left arrow), and leave the V2 and V5 ROIs only.
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14. In Analyses. Keep the default connectivity measure as “correlation (bivariate)” to estimate functional connectivity using bivariate correlation between timeseries, and the “within-condition weights” to “hrf” (to weight the scans within each condition block based on the expected hemodynamic response). At this point you can preview the connectivity maps during each condition and from each source in the “peview results” right display. This display shows an r- value map, supra-threshold voxels (voxels with correlations above the value defined in the “threshold” field) are colored in this display (red for positive, and blue for negative connectivity). 

15. In Analyses. Press “Done” and wait until the process finishes. This will compute the connectivity maps using the selected sources as seeds.

RESULTS
16. In Results. Model. Select “Fixed-effects” for this single-subject data (random effects are the default model for multiple subjects). This displays the connectivity maps for the selected “condition” and “source” (seed) at the right display. This display can be threhsolded using uncorrected voxel-level p-values entered in the “p-value” field. 
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17. Select the “Att” condition, and the “V2” source. This will display the V2- connectivity during the attention blocks. Change the threshold value to 0.01 to display voxels with significant connectivity with the V2 seed (uncorrected voxel-level p<.01)
18. The text list “connectivity with source (ROI-level)” displays the ROI-to-ROI connectivity results. For all of the included ROIs (not only the ones used as sources) this display will show the ROI-to-ROI connectivity between V2 and each target ROI. As expected there is a significant functional connectivity between V2 and V5 (ROI-level p=.??) during the attention condition.
19. Click on “ROI view” to see a graphical display of the above ROI-to-ROI results. This will show the V2- connectivity during the attention blocks with all of the defined ROIs. In the new window change the thresholding method to “uncorrected” and the threshold level to p=.05. 
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20. Back in the connectivity toolbox select now two conditions in the “conditions” list (control click the “natt” and “att” conditions), and define a contrast of [-1 1] to compare the V2- connectivity patterns during the attention condition vs. the no-attention condition.  The displayed results can be interpreted as voxels where the connectivity with V2 is modulated by attention (red for higher during the attention condition). As expected the highest effect can be found in V5, the connectivity between V2 and V5 is significantly modulated by attention (p=.0047 uncorrected) with higher functional connectivity between these two areas during the attention condition, replicating the observed psychophysiological interaction effects in Friston et al. (1997; pp224 figure 4). 
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21. Again click on “ROI view” to display the differential V2- connectivity during the attention vs. no-attention with all of the defined ROIs (TD areas and V5), and select p=.05 uncorrected two-sided. In additional to V5 (area labeled “2” in this display), right inferior occipital gyrus (22), left middle occipital gyrus (37), right paracentral lobe (44) and right insula (28) seem to show indications of increased functional connectivity with V2 during attention (p<.05 uncorrected for multiple comparisons).  In contrast areas typically involved with the default-network such as right angular gyrus (4), left posterior cingulate (49), anterior cingulate bilaterally (5/6), and right rectal gyrus (34) show decreased connectivity with V2 (increased anti-correlations) during attention (p<.05 uncorrected).
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ADDITIONAL RESULTS
V2- Connectivity during Attention
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V2- Connectivity during No-Attention
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V2- Differential connectivity during Attention vs. No-Attention
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