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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __NO_______ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____YES___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? ___Analysis setup and output interpretation________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to identify brain networks associated with task switching and test for age-related differences in the functional connectivity of these networks. (Intro)
This is accomplished by first collecting fMRI data from children and adults while completing the Dimensional Change Card Sort task. (P1)
After pre-processing the data, functional volumes are decomposed into a set of statistically independent sources or components. (P2)
The components of relevance to executive functioning and task performance are selected by means of template matching and linear modeling respectively. (P3)
The final step is to determine whether functional connectivity within the selected components differs for adults and children. (P4)
Ultimately, ICA-based fMRI analyses can be used to identify networks associated with task switching and test for age-related differences in the functional organization of these networks. (P5)
P1: reuse 2.1.1 or 2.1.2 and LAB MEDIA: figure 2 a and b
P2: reuse 3.3.1
P3: reuse 3.24.1

P4: reuse 3.26.1 or 3.26.2

P5: LAB MEDIA: figure 6
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. JBM: The main advantage of this technique over existing methods, like resting-state functional connectivity analysis, is that it provides a basis for functionally characterizing brain networks.   

1.2. BdB: This method can help answer key questions in the field of developmental cognitive neuroscience, such as whether broad-scale cortical networks involved in high-level cognitive operations such as task switching undergo functional reorganization over development.  
Protocol (read by voice talent at JoVE):

2. fMRI Data Acquisition
2.1. To begin, acquire fMRI data following procedures suitable for young children. Limit unwanted confounds by training participants in advance in a mock scanner facility.
2.1.1. WIDE: Talent and subject approach testing area

2.1.2. MED: Example of training in a mock scanner
2.2. When ready, implement a repeated-trials version of the Dimensional Change Card Sort task (DCCS).
2.2.1. MED: Talent sits at the computer and starts program. Text overlay “Dimensional Change Card Sort task (DCCS) (See text protocol for details)”
2.3. Each run includes two 8-trial switch blocks and two 8-trial repeat blocks, where switch blocks consist of 4 switch trials and 4 repeat trials, and repeat blocks consist of 8 repeat trials.
2.3.1. MED: Shot of subject completing task

2.3.2. LAB MEDIA: Figure 2 AandB
2.4. After data collection, preprocess the fMRI data following standard fMRI preprocessing procedures.
2.4.1. MED: Over the shoulder, Talent preprocesses data
3. Group Independent Component Analysis (ICA) 

3.1. First download and install the group ICA software. In addition, download the GIFT toolbox that works together with SPM, a well-known fMRI analysis package.

3.1.1. MED: Talent enters and sits at computer, many shots/angles, repeated. 
3.1.2. SCREEN: Talent loads GIFT toolbox and SPM. Text overlay (See text protocol for details)
3.2. Once downloaded, add the GIFT toolbox and all sub-directories to the MATLAB search path and save the path file.
3.2.1. SCREEN: Talent moves toolbox and directories into MATLAB and saves the path file
3.3. Computing a group ICA on fMRI data using GIFT makes substantial demands on RAM memory. To avoid memory issues, it is best to run the ICA analysis on a server.
3.3.1. MED: Talent works at computer.  Side shot, not showing clearly what is on the screen, multiple takes/angles, repeated, Broll
3.3.2. MED/WIDE: Shot of the server set-up if available or MED: over the shoulder of talent at the computer locating the server 
3.4. If running the analysis on a local computer, the RAM requirements can be estimated using a script that is part of GIFT.
3.4.1. SCREEN: Talent locates script, points to or text overlay “icatb_mem_ica.m”
3.5. To parameterize the analysis, modify a pre-existing batch script called “Input_data_subjects_1.m” that is stored in GIFT under “icatb_batch_files”.
3.5.1. SCREEN: Talent locates the scripts as described
3.6. This can also be done by using GIFT’s Graphical User Interface. However it is much easier, with a bit of practice, to set up the analysis by modifying this pre-existing script.
3.6.1. SCREEN: Talent modifies pre-existing script
3.7. Next, specify the data modality as fMRI.
3.7.1. Reuse 3.3.1
3.8. Specify the Type of Analysis as ICA. To run the ICA with the ICASSO procedure, select ‘2’ under “Type of analysis” and then parameterize the ICASSO procedure in the succeeding lines of the setup file.
3.8.1. SCREEN: Talent selects ICA
3.8.2. SCREEN: Talent selects “2”

3.8.3. SCREEN: Talent parameterizes the ICASSO procedure
3.9. Maximize the performance of the group PCA by choosing ‘1’ under Group PCA performance settings. 
3.9.1. SCREEN: Talent selects “1”. Optional text overlay “ PCA: Principal components analysis”
3.10. To enable sorting from a standard SPM design matrix, specify whether or not there are different matrices for different subjects. 
3.10.1. SCREEN: Talent makes specifications as described
3.11. Next, specify where the preprocessed functional data are stored and whether or not a SPM.mat file containing the design matrix is stored together with the preprocessed functional data.
3.11.1. SCREEN: Talent specifies where data are stored

3.11.2. SCREEN: Talent specifies where SPM.mat files are stored
3.12. If each participant has the same number of runs, select ‘1’ for Method 1 under the DataSelectionMethod option. 
3.12.1. MED: Over the shoulder, Talent selects “1”

3.13. Complete the parameter “sourceDir_filePattern_flagLocation” by including the filepath where the data are stored, the file format of the data, and a statement indicating that individual sessions are stored as subdirectories within each subject folder. 
3.13.1. SCREEN: Talent locates the parameter “sourceDir_filePattern_flagLocation”
3.13.2. SCREEN: Talent fills in the information as described
3.14. Indicate the directory where the output of the analysis should be written, this should not be the same directory where the data are stored.
3.14.1. SCREEN: Talent selects a directory 
3.15. The next step is to provide a prefix that will be added to all output files.
3.15.1. SCREEN: Talent selects prefix
3.16. Next, provide a filepath to a mask. At a minimum, the mask should eliminate skull, extra-cerebral space, and especially the eyeballs, as illustrated here (LAB MEDIA; show mask with no eyeballs). Notice in this example residual evidence of eyeballs: this will lead to a suboptimal ICA decomposition and should be avoided (LAB MEDIA: show mask with eyeballs).
3.16.1. Reuse 3.3.1

3.16.2. LAB MEDIA: Example of a mask TO BE PROVIDED

3.17. For the type of group PCA to be used, choose ‘subject specific.’ 
3.17.1. SCREEN: Talent selects ‘subject specific’
3.18. To obtain the best time course, select GICA as the back-reconstruction method. 
3.18.1. SCREEN: Talent selects GICA
3.19. When selecting a data pre-processing type, use intensity normalization to avoid non-numerical values in the output.  In this example, the default of ‘1’ is chosen.
3.19.1. Reuse 3.3.1

3.19.2. SCREEN: Talent selects data pre-processing type and then chooses ‘1’
3.20. Choose the standard PCA type and accept default values under PCA Options. 
3.20.1. SCREEN: Talent selects PCA type

3.20.2. SCREEN: Talent accepts default values 
3.21. Next, specify how many PCAs to run on the data before the ICA.  In addition, specify how many components to retain after each PCA.

3.21.1. SCREEN: Talent specifies ‘2’  PCAs

3.21.2. SCREEN: Talent specifies how many components  
3.22. Use z-score scaling to score the data.
3.22.1. SCREEN: Talent selects z-score scaling
3.23. Choose a blind source separation algorithm for the ICA. For this work Infomax was used. 
3.23.1. MED: Over the shoulder, Talent selects algorithm
3.23.2. SCREEN: Talent makes selection in Infomax
3.24. Once the ICA is completed, select components of potential theoretical interest for further consideration. 
3.24.1. SCREEN: Talent examines ICA and selects interesting components
3.25. Spatial sorting can be selected to sort components by means of spatial correlation with a pre-existing template while temporal sorting sorts the component timecourses by means of linear predictors from the SPM design matrix.
3.25.1. SCREEN: Talent sorts components spatially

3.25.2. SCREEN: Talent sorts components temporally

3.26. Once the analysis is complete, test whether the child and adult versions of the selected components differ.
3.26.1. MED: Talent examines child and adult data

3.26.2. Optional, SCREEN: Example of difference between data
4. RESULTS: Age Related Differences in Functional Connectivity
4.1. Shown here are results of the ICASSO procedure, applied to an ICA with 60 components. Each numbered point represents one component; the black points represent different ICA decompositions of the same data with different random seeds. Ideally, results from different decompositions, seen here as different black spots, should cluster tightly around the numbered points. This indicates good reliability in the decomposition.  
4.1.1. LAB MEDIA: Figure 4, Label the graph “ICASSO Procedure”, point an arrow at a numbered point and label it “Selected component”, next label a black point “Different ICA decompositions”, lastly circle a few good examples of clustering (numbers 60, 59 and 58)
4.2. The executive control template and the selected right fronto-parietal component are overlaid on identical slices from a high resolution anatomical scan and appear quite comparable. 
4.2.1. LAB MEDIA: Figure 5, start with the top panel and then add the lower to show similarities
4.3. Functional connectivity was stronger in the medial prefrontal cortex and ventral tegmental area (4.3.1) and dorsolateral prefrontal and inferior parietal cortex (4.3.2) of adults when compared to children.

4.3.1. LAB MEDIA:  Figure 6, panels a and c
4.3.2. LAB MEDIA: Figure 6, panels b and d
5. Conclusion (said by authors on camera)

5.1. BdB: While attempting this procedure, it’s important to remember to check your output at each stage of the analysis. Small errors will propagate forward and lead to uninterpretable results.

5.2. JBM: Following this procedure, other methods like functional network connectivity analysis can be performed in order to answer additional questions like whether interactions between different components change as a function of task demands or age.
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Authors, please list all additional* images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

*Figure files already uploaded do not need to be provided again unless modifications have been made.

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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