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Corresponding Author: 
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
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? Please list 4-6 steps  Data acquisition: 2.5, 2.8; Source activity reconstruction: 4.2, 4.3; Source activity analysis: 5.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Acquiring good quality EEG data is one of the biggest challenges when working with young participants. In order to ensure good quality recording, children should be tested in a pleasant environment with paradigms that are suitable for their age. In addition, children should be video-recorded so that unattended trials etc. can be excluded. 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to estimate the neural generators of scalp-measured EEG with paediatric participants. (Intro)
This is achieved by recording high-density EEG with children and using suitable experimental procedures. (P1) show ‘continuous EEG recording ’then ‘artifact correction’
As a second step, a surface model is calculated based on magnetic resonance imaging data – either individual structural MRI or an age-appropriate template - which leads to a boundary element model that associates different compartments with conductivity values for source reconstruction. (P2)  Show ‘T1 weighted structural MR Scan” then Segmentation and surface reconstruction’ 
Next, the location of EEG channels is co-registered with the inverse model in order to calculate the likely generators of the scalp-measured voltage changes. (P3)  show ‘ Coreregistration of EEG channel locations and head model’  then ‘calculation of inverse solution’ 
Results are obtained that show the contribution of cortical sources based on the measured EEG data and predictions of the head model. (P4) show FIGURE 7 here.  
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
Authors, since the schematic was not labeled for P1 through P4, can you check that the correct images are selected for each soundbite above? 
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Authors: Note above instructions: only one statement per author please (Therefore please chose 3 of these statements. Suggest using the first statement for MdH.  
1.1. Author name MdH: The main advantage of this technique over existing methods, like channel-level analysis, is that the likely contribution of several cortical areas to an event-related potential component can be assessed.   

1.2. Author name MdH: This method can help answer key questions in the field of developmental cognitive neuroscience, such as the timing of activations in a cortical network that contribute to a cognitive function.  (suggest cutting this one)
1.3. Author name MdH: The implications of this technique extend toward diagnosis of developmental disorders like epilepsy, attention deficit hyperactivity disorder (ADHD), autism spectrum disorder (ASD) and others.   (suggest cutting this one)  

1.4. Author name MdH: Though this method can provide insight into normal childhood development, it can also be applied to developmental disorders or ageing. (suggest cutting this one) 
1.5. Author name MdH: Generally, individuals new to this method will struggle because of many different analysis procedures can potentially be applied, but these have not been systematically compared to allow easy evaluation of their relative merits. (suggest cutting this one) 
1.6.  Author name JB: We first had the idea for using this method, when we wanted to assess the network structure of cortical areas using resting-state EEG recordings. 
1.7. Author name HO’R: Visual demonstration of this method is critical as child-friendly recording of EEG is difficult to learn, because standard recording procedures need to be adapted for children.
1.8. **Author name MdH: Demonstrating the EEG recording procedure will be Helen a post-doctoral research fellow and former student from my laboratory, and Demonstrating the EEG analysis and source reconstruction procedure will be Joe a doctoral research student from my laboratory.
1.8.1. Interview style: Author saying the above 
Protocol (read by voice talent at JoVE):
2. Data Acquisition
2.1. To begin this protocol, first ensure that the child is comfortable with the testing environment. To do this, allow younger children to sit on the lap of their caregiver or in a comfortable child’s seat. Also let the child see and feel the sensor net before applying it to the child’s head.  If there is an extra net, have the parent also try one on, or place one on a doll or stuffed teddy.
2.1.1. WIDE: the caregiver sits, then the child sits (is picked up and sits) on the caregivers lap.  Caregiver walks the child to the EEG recording area. 
2.1.2. MED: talent speaks to the child, and then shows the child the sensor net on the teddy bear.
2.1.3. MED: the sensor net is placed on the parent or on a teddy bear. 
2.2. In order to keep children comfortable during the EEG preparation, allow the child to listen to music, watch an age-appropriate cartoon or distract them using another experimenter. 
2.2.1. MED: talent turns on a cartoon, and/or blows soap bubbles to distract the child. 
2.3. Then, measure the child’s maximum head circumference to select the correct net size. Use a measuring tape and hold it to the nasion. Then measure the head around the maximum circumference, about 1 centimeter above the inion.
2.3.1. MED: talent measures the child’s maximum head circumference.
2.3.2. MED: talent measures around the head around the maximum circumference. 
2.4. Next identify the vertex of the head at the intersection of the middle distance between nasion and inion, as well as the left and right periauricular point. Mark this point with a china pen to ensure that the vertex channel is correctly positioned when applying the net.
2.4.1. [2.3.1 through 2.4.3 combined] MED: talent measures to identify the vertex of the head at the intersection of the middle distance between nasion and inion
2.4.2. MED: talent identifies the left and right periauricular point.
2.4.3. MED over the shoulder: talent marks the point with a china pen.
2.5. Now apply a sensor net that has been soaked in electrolyte solution and make sure that the key channels are aligned with the anatomical landmarks.  Then ensure that channels have good contact with the scalp by positioning the sensors individually; gently twist each sensor from side to side to move hair out of the way.
2.5.1. MED: talent places the sensor net on the child’s head.
2.5.2. MED: talent positions the sensors individually to ensure good contact. 
2.5.3. CU: show as a sensor is twisted from side to side to move hair out of the way.  
2.6. Next measure channel gains and channel impedances. Click “Start” to begin the recording in the NetStation EEG recording software, and start gain and impedance measurement. If measurement does not automatically start, use the “Calibrate Amplifier” and the “Measure Net Impedances” button.
2.6.1. MED over the shoulder: talent clicks start on the NetStation EEG recording software and start gain and impedance measurement.
2.6.2. MED over the shoulder: talent uses the “Calibrate Amplifier” and the “Measure Net Impedances” button.
2.7. Check the recording software for channels with impedances higher than 50 thousand Ohm, which will appear red. Apply additional electrolyte solution with a pipette to lower channel impedances. 
2.7.1. MED over the shoulder: talent checks the software for channels that appear red. (perhaps point at one that is red)
2.7.2. MED: talent applies additional electrolyte solution with a pipette to an electrode. 
2.8. Also Check the EEG display for channels that show high frequency activity despite low impedance, or noticeably less activity than surrounding channels. These channels may have loose contact with the scalp and require adjustment. Once all channels are satisfactory, run the appropriate EEG experiment. 
2.8.1. MED over the shoulder: talent checks the EEG display for channels that show high frequency activity despite low impedance The talent points out channels that show no EEG signal despite low impedance (flat lines)
2.8.2. MED: talent adjusts an electrode with a loose contact with the scalp.
2.8.3. WIDE: show as the experiment is ‘run’ (i.e. talent runs the face stimuli, and the child watches this.) 
3. Analysis   
(authors, some steps below are indicated as “SCREEN”  meaning that they would be best illustrated by screencapture of the software in use, instead of filming which may be difficult to see. Would you be able to provide these steps as sreencapture?) 
3.1. After the EEG experiment, first preprocess the data, correct for artifacts, then segment a previously acquired anatomical MRI scan with FreeSurfer software. Set up the shell environment to include FreeSurfer; for .bashrc (pronounce: “bash”,”R”,”C”), include the commands seen here  in the .bashrc file:
(SHOW Text on Screen: Export FREESURFER_HOME=/Applications/freesurfer/   Source $FREESURFER_HOME/FreeSurferEnv.sh
3.1.1. MED/BROLL: general shot of talent using the computer, side view or from behind monitor. Few different angles do we can use this as needed below to cover narration.
3.1.2. MED over the shoulder: talent sets up the shell environment, Text on Screen: Export FREESURFER_HOME=/Applications/freesurfer/   Source $FREESURFER_HOME/FreeSurferEnv.sh
3.2. Next, define the Subject directory, which is the folder the output will be written to using the command seen here:
(Text on Screen: export SUBJECTS_DIR=/…/BEMs/) Then, change the working directory to the folder that contains the MRI file for the Boundary Element Model.  Finally, start the reconstruction using the commands seen here: (Text on Screen: recon-all -i <mri_file> -subjid <subject_id>   recon-all -all -subjid <subject_id>) 
3.2.1. MED over the shoulder: talent defines the Subject directory  (Text on Screen: export SUBJECTS_DIR=/…/BEMs/ )
3.2.2. MED over the shoulder: talent changes the working directory to the folder that contains the MRI file for the BEM.  
3.2.3. MED over the shoulder: talent starts reconstruction (Text on Screen: recon-all -i <mri_file> -subjid <subject_id>   recon-all -all -subjid <subject_id>)
3.3. Next import the segments into BrainStorm software and use the display tools to check for incorrect segmentation, such as overlapping spheres or anatomically unlikely compartments.  Inspect the segmentation visually by right-clicking and selecting “Display”.
3.3.1. SCREEN or MED over the shoulder: talent import the segments into BrainStorm software (Selects anatomy pane, then “Import Anatomy Folder”)
3.3.2. SCREEN MED over the shoulder: Talent checks the FreeSurfer segmentation for incorrect segmentation, using the tools.
4. Estimating the source activity in BrainStorm 
4.1. To estimate source activity, first start the BrainStorm application, then create a new protocol, and add a new subject to the protocol. Then Import EEG data for the participant, and import a channel file.  
4.1.1. MED over the shoulder: talent opens the BrainStorm application, creates a new protocol, and adds a new subject. 
4.2. Check that the boundary element models and the channels align as expected by  Right-clicking  on the channel file for the subject and navigating  to “MRI registration” and “Check”. 
4.2.1. SCREEN: we see the mouse right clicking on the channel file for the subject and then navigating to “MRI registration” and “Check”.  
4.3. Note that if the spheres within the model are overlapping or if the channels are within the boundary element models, the source reconstruction will produce incorrect results.  Adjust the alignment by using the “Edit” option in the “MRI segmentation” menu.
4.3.1. SCREEN: show that some spheres within the model are overlapping or channels are within the BEM, then mouse moves to the Edit” option in the “MRI segmentation” menu. 
4.4. Next, calculate the noise covariance matrix from the baseline of each epoch by choosing “Noise Covariance Matrix” and “Calculate from Recording”.  Then calculate the Source Model by selecting “Compute source model”.  
4.4.1. SCREEN: we see mouse move to “Noise Covariance Matrix” and then “Calculate from Recording”. Then “Compute source model” is selected.
4.5. Calculate the inverse solution using depth-weighted Minimum-Norm Estimation by selecting “Compute Source” and “Minimum-norm estimation”.  Repeat these steps for all participants in the study. Next, average source activity over trials per participants by dragging the recordings to the Process Menu and selecting “Average” and “By condition (subject average)”.  
4.5.1. Use 3.1.1 MED BROLL of subject using computer. 
4.5.2. SCREEN: we see “Compute Source” selected and then “Minimum-norm estimation”.
4.5.3. SCREEN: WE see the recordings dragged to the Process Menu and then  “Average” and “By condition (subject average) selected.  
4.6. Contrast the condition by selecting “Processes 2” and dragging each condition in one window. Then, select the t –test depending on study design. To perform multiple comparisons, set the amplitude and area thresholds in the display of the resulting statistical map in the “Stat” menu. 
4.6.1. SCREEN: mouse selects “Processes 2” and then drags each condition in one window. Then selects the t-test.
4.6.2. MED over the shoulder: talent sets amplitude and area thresholds in the display of the resulting statistical map in the “Stat” menu
4.7. Now calculate the event-related response for a region of interest.  For parcellation-based ROIs, load the FreeSurfer parcellation by right-clicking on the cortex surface in the anatomy menu and selecting “Import labels”.  Navigate the corresponding file and load it.  Then, select a region of interest in the “Scout” pane of the functional data menu.
4.7.1. Use 3.1.1 MED BROLL of talent at computer. 

4.7.2. SCREEN: mouse right-clicks on the cortex surface in the anatomy menu and then on “Import labels”. The corresponding file is then loaded. Then, a region of interest is selected in the “Scout” pane
4.8. Obtain the region of interest event-related activity by dragging files to the Process 1 window and selecting “Extract Scout Time Series” from the Sources menu.  Note that several regions of interest can be selected simultaneously and the time series can be exported for further plotting and analysis.  
4.8.1. SCREEN: files are dragged to the Process 1 window then “Extract Scout Time Series” selected from the Sources menu.
4.8.2. MED over the shoulder: talent selects several regions of interest simultaneously and obtains event-related activity for them.  
5. Results: Cortical source activity in children
5.1. The results presented here are based on a recording with a 6 year old boy.  This figure shows channel-level event-related potential responses to face and scrambled face stimuli. The response shows a more negative deflection between 130 and 220ms after stimulus onset on the right side for faces compared to scrambled faces.  
5.1.1. LAB MEDIA: Figure 5  (arrow points to between 130 and 220ms on graph when spoken)
5.2. Here we see the statistical comparison of source activity projected based on a standard adult head model and an age appropriate head model.  In the second and third row, the color map illustrates the effect size, with red indicating higher activity in the faces condition and blue showing higher activity in the scrambled faces condition.
5.2.1. LAB MEDIA: Figure 6  (sent as separate files) When: adult head model” is speken,  adult_BEM is shown,  Then when: “age appropriate head model” is spoken, child_BEM is shown alongside on the right (as in figure) then,    adult_source_lateral, adult_source_ventral appear under the adult model, and child_ source_lateral and  child_source_ventral appear under the child head model.  
5.3. And finally, this Figure shows source event-related potential responses of the right fusiform gyrus in response to faces and scrambled faces based on source reconstruction of a recording using an age appropriate boundary element model with minimum-norm estimation.  
5.3.1. LAB MEDIA: Figure 7 (when ‘faces’ is spoken, the red line is indicated.  When ‘scrambled faces; is spoken, the blue line is indicated. )
6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. 
Authors: Note above instructions: only one statement per author please (Therefore please chose 3 of these statements). Please also indicate who will be saying each line. 
6.1. Author name HO’R: Once mastered, this technique can be done in a few hours from recording to source analysis, if it is performed properly.

6.2. Author name JB: Following this procedure, other methods like time-frequency decomposition can be performed in order to answer additional questions about the contribution of neural oscillators in different frequency bands.

6.3. Author name ________: After its development, this technique paved the way for researchers in the field of developmental cognitive neuroscience to explore cortical network (subdivision of field, disease, natural phenomenon) in neurocognitive development. 
6.4. Author name MdH: After watching this video, you should have a good understanding of how to estimate the cortical generators of high-density EEG recordings in pediatric participants.
Provided Media

Authors, Please list all 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.  

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.
( 2011, Journal of Visualized Experiments


