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Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number)?  N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps All 5 steps will provide significant benefit to viewers.
D.  What is the single most difficult aspect of this procedure? Part 3, Reducing Electrode Impedances. 

0.  Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
(Intro) The overall goal of this procedure is to detail the techniques involved in high density ERP data acquisition.
(P1) This will be accomplished by first describing the general equipment setup.

(P2) The second step of the procedure is cap placement and electrode digitization.
(P3) The third step of the procedure is reducing electrode impedances.
(P4) The fourth step of the procedure is data recording.
(P5) The final step of the procedure is cleaning the cap.
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(intro) High density event-related potentials (ERPs) allow for tracking of the rapid temporal dynamics of the functioning human brain. (P2) To acquire high density ERP data, the electrode cap is first placed on the participant’s head, and the electrode locations are digitized to accommodate variability in head shape across subjects. (P3) Electrode impedances are then reduced by injecting gel in each electrode. (P4) Data is acquired while visual stimuli are presented to the participant. (P5) When recording is finished, the electrode cap is thoroughly cleaned. (P1) Acquired data is used to examine the spatial and temporal dynamics of brain activity associated with a given cognitive process.
1. Introduction (said by the demonstrator to the camera)  

Authors, please select from “single” or “multiple author introductions” and complete the statements below.

Single author introduction:

1.1. “Hi I’m Scott Slotnick from the Memory and Perception Laboratory in the Department of Psychology at Boston College.”

1.2. Today we will show you a procedure for high density event-related potential data acquisition.
1.3. We use this procedure in our laboratory to study the spatial-temporal dynamics of brain activity during memory for visual items.  So let’s get started…

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Part 1. General Equipment Setup
2.1. Event-related potentials (ERPs) provide a method to capture the spatial-temporal dynamics of human brain function with excellent temporal resolution. 
2.1.1. provided image: nice figure showing sample ERP data, perhaps from a number of channels, with corresponding locations on the scalp if possible. (ERPData_Slotnick_Figure0.tif).
2.2. Data are typically measured in a shielded room, minimizing interference with the neural signal that is picked up by the electrodes.
2.2.1. WIDE/MED: Talent walks up to the door to the shielded room carrying the electrode cap. Talent opens the door, revealing the experiment chair and setup.
2.3. Each electrode connects to an amplifier which in turn connects to a data acquisition computer sitting outside the shielded room. A separate computer is used for stimulus presentation. 
2.3.1.. MED/CU: Talent connects electrode cap to the amp

2.3.2. CU: Shot of talent sitting at the data acquisition computer.

2.3.3. MED: Shot of the stimulus computer. Get a side view so we can see the experiment chair and the computer, so we know that this is used for stimulus presentation.

2.4. Because of possible interference with the neural signal, only essential powered components should be housed inside the shielded chamber, such as the stimulus display and the response keyboard.
2.4.1. MED/CU: front shot of the stimulus computer with the response keyboard sitting next to it. Make sure there is nothing else sitting on the desk.

2.5. During experiments, participants are seated in a comfortable chair with arm rests and a back height that provides shoulder support to minimize neck muscle artifact. Let’s begin by seeing how to place the electrode cap on a participant.
2.5.1. MED: Talent seats a participant down in the chair (participant has cap on).
2.5.2. CU: Shot of the arm rests, and shot of the participants shoulders resting on the back of the chair.
3. Part 2. Cap Placement and Electrode Digitization 

3.1. Electrodes are embedded in a spandex cap which significantly reduces application time.
3.1.1. MED/CU: Talent picks up the electrode cap and holds it up for a CU shot
3.2. To position the cap, place electrode Oz according to the 10-5 electrode system.   
3.2.1. ECU: Talent points to electrode Oz.

3.2.2. provided image: figure1.tif, 10-5 system
3.3. While applying the cap, ensure that it has left-right symmetry, with midline electrodes placed over the midline of the head.
3.3.1. CU: Talent places the cap onto the head of the participant and adjusts it for symmetry.

3.4. Also make sure that the most posterior-inferior electrodes are superior to the skull-neck boundary to avoid neck muscle artifact. 
3.4.1. ECU: Talent adjusts the most posterior-inferior electrodes

3.5. Once the cap is in place, attach the side straps with a chinstrap or a custom made belt at waist level to improve lateral electrode contact with the head. 
3.5.1. MED: Talent attaches the side straps

3.5.2. CU: Talent finishes attaching the side straps.
3.6. Apply electrodes adjacent to the eyes to allow for subsequent removal of eye-movement or blink artifacts.
3.6.1. CU: Talent places an electrode near one eye of the participant.

3.7. To address variability in electrode placement and head shape across subjects, electrode locations are measured for each participant with a Polhemus FASTRAK digitizer (Colchester, VT). 
3.7.1. MED/CU: Talent uses the digitizer to measure the electrode locations for the participant. IF possible, get the entire digitizer in the shot. Get a couple takes for use later.
3.8. The digitizer includes a transmitter, three receivers which mount on the cap, and a stylus for recording each electrode location.  With the cap in place and electrode digitization complete, let's move on to reducing the electrode impedances.
3.8.1. CU: Talent points to the transmitter, and then points to the receivers which are mounted on the head, and then points to/holds up the stylus.

3.8.2. use 3.7.1, talent measuring electrode locations.
4. Part 3. Reducing Electrode Impedances
4.1. Seat the participant comfortably in the recording chair. Some participants find it more comfortable when a folded hand towel is lightly tucked between their shoulders and the chair back.
4.1.1. MED: Talent seats the participant down in the chair.

4.1.2. CU: Talent places a folded hand towel between the subject’s shoulders.
4.2. Now plug the multi-electrode cap into the amplifiers. 
4.2.1. CU: Talent plugs the cap into the amps.

4.3. Next, the impedance of each electrode must be reduced such that it is below approximately 5 kΩ. 
4.3.1. CU: closeup shot of the cap on the participant’s head, so we can see the individual electrodes on the cap.

4.4. This is accomplished in our lab by measuring real-time impedances with Neuroscan SCAN software while using a sterile syringe and blunt tip needle to inject conducting gel into each electrode opening. 
4.4.1. MED/CU: Over the shoulder, Talent at the computer looking at imedences on SCAN software
4.4.2. provided image: Figure2.tif, impedence software
4.4.3. MED/CU: Talent pulls up some gel into a sterile syringe
4.4.4. ECU: Talent holds up the filled syringe so we can see the blunt tip
4.5. There are a number of techniques that can speed up the impedance reduction process, which is the most time consuming aspect of multi-channel recording. 
4.5.1. MED/CU: Talent looms over the participant, filling an electrode opening.

4.5.2. ECU: continuation of 4.5.1, talent filling the opening with gel.
4.6. Beginning with the ground or reference electrode, use your dominant hand to make a few circles with the syringe while it rests against the head, to move the intervening hair. 
4.6.1. CU: Talent points to the ground or reference electrode (whichever one you want to demonstrate

4.6.2. ECU: Talent makes circles with the syringe on the head at the ref location, moving the hair.

4.7. Be sure not to press the syringe against the participant’s head. The gel application process should never cause the participant discomfort. 
4.7.1. ECU: continuation of 4.6.2, talent making careful circles with the syringe.

4.8. Next, while lightly pressing the electrode down with the non-dominant hand, inject a small amount of gel at the scalp and then pull the syringe away while continuing to inject, creating a gel bridge between the scalp and the electrode. 
4.8.1. CU: Talent presses down on the electrode

4.8.2. ECU: Talent injects gel at the scalp and then pulls the syringe away while injecting.

4.9. Gel that protrudes from the electrode opening should be wiped off with a tissue and discarded. 
4.9.1. CU: Talent wipes away excess gel from the electrode.

4.10. At this point, If the first set of electrode impedances all remain high, gel should be reapplied to the ground and reference electrodes.
4.10.1. MED: Talent checks the impedances at the computer.

4.10.2. CU: Talent reinjects gel to the ground or ref electrode, whichever one was demonstrated in the earlier steps.

4.11. As gel usually becomes more conductive over time, one strategy is to inject gel in electrodes within a scalp quadrant, such as the right posterior scalp, until all impedances begin to decrease.
4.11.1. MED: Talent injecting gel into some electrodes in left posterior scalp area, and also in the next quadrant for later use. Get lots of Broll here of talent inserting gel all around the participants scalp.

4.11.2. CU: Talent outlines the left posterior scalp with fingers.

4.12. Then, inject gel in electrodes within the next quadrant until all impedances begin to decrease, and then cycle through the quadrants re-injecting gel into the highest impedance electrodes. 
4.12.1. CU: Talent outlines the next quadrant with fingers.

4.12.2. use 4.11.1, talent injecting into the next quadrant.

4.13. In some cases, conducting gel will connect two adjacent electrodes such that the impedances will be linked - this reduces spatial resolution but is usually of minor concern as there are a high number of electrodes.  
4.13.1. use 4.11.1, talent injecting more gel around the head.
4.14. With the impedances reduced, lets see how to record data.
4.14.1. MED: Talent finishing the last electrode, and then walks out of the shielded room, closing the door behind.

5. Part 4. Data Recording
5.1. Before beginning a recording session, encourage the participant to get into a comfortable relaxed position and to remain still. This will minimize muscle and movement artifacts.
5.1.1. WIDE: Talent walks the participant to the chair and sits them down. Participant gets comfortable.

5.2. Once the participant is comfortable, hand them a response keyboard, and remove or shut off all non-essential equipment near the participant, such as lights.
 
5.2.1. MED: Talent hands the participant the response pad and then turns off the lights. 


5.3. To allow for subsequent event-related analysis, the onset of each stimulus event must be signaled, or triggered, by the stimulus computer and stored along with the electrophysiological data. 
5.3.1. MED/CU: Shot from behind/angled behind the subject sitting in the experiment chair, so we can see stimuli appearing on the stimulus computer while the subject is sitting still with the cap on, watching the computer. It might be good to have some lights back on, just for the purpose of seeing clearly what is going on here.
5.4. We send trigger pulses at each stimulus onset through the parallel port via E-Prime programs (Psychology Software Tools, Inc., Pittsburgh, PA), that include custom InLine port initialization and trigger scripts that are freely available. These triggers are received and stored by the SCAN software. 
5.4.1. WIDE/MED: (This shot should occur before 5.3.1) Talent plugs in the trigger pulse to the parallel port on the acquisition computer and then sits down at the computer to load the software. 
5.4.2. MED/CU: Get an additional MED or CU shot over the shoulder with talent watching electrophysiological data streaming on several channels (it would be great if one of them is the trigger channel, if possible). Get B-roll of talent at the computer with data streaming on the sreen.

5.4.3. provided image: figure3.tif, eprime trigger scripts.
5.4.4. use 5.4.2, over the shoulder shot of the trigger channel
5.5. When recording electropysiological data, use a standard high pass filter to remove very low frequency components, such as DC, that are irrelevant to the transient neural response. 
5.5.1. MED/CU: over the shoulder and side shot of talent at the computer, setting up the filters for acquisition

5.5.2. provided image: figure4.tif, image of the filter settings. Highlight/circle around the setting DC.
5.6. In environments with very little interference, a low pass filter with a very high frequency cutoff, such as 200 Hz, can be used. 
5.6.1. use 5.5.1, side shot of talent at computer, setting up parameters

5.6.2. provided image: figure4.tif, image of the filter settings. Highlight/circle around the setting 200Hz for low pass.
5.7. In environments with higher levels of ambient electromagnetic interference, a low-pass filter with a cut off around 80Hz and a 60Hz notch filter can be used so the response is dominated by the neural signal. Now let's see how to clean the cap after a session is finished.
5.7.1. use 5.4.2, talent at the computer with data streaming on the screen.

5.7.2. WIDE: Talent opens the door to the shielded room, walks in and begins removing the cap from the participant’s head.

6. Part 5. Cleaning the Cap
6.1. The multi-electrode cap must be thoroughly cleaned and disinfected immediately after recording is complete. Begin by soaking the cap in warm water for 5-10 minutes and then rinsing each electrode with a running water stream to thoroughly remove all of the conducting gel. 
6.1.1. WIDE: continuation of 5.7.2, Talent removes the cap from the participants head

6.1.2. MED: Talent places the cap into a container of warm water.

6.1.3. CU: Talent rinses an electrode under the faucet

6.2. Use the blunt end of a wooden stick cotton swab to clear the holes in the electrodes. 
6.2.1. ECU: Talent clears a hole with a wooden stick of a cotton swab

6.3. Next soak the cap in a soapy warm water bath consisting of 4 quarts of water and 1-2 oz of Dial soap for 30 minutes to ensure all the gel has been removed. Then thoroughly rinse the cap with water.
6.3.1. MED: Talent places the cap into a container of soapy water. (bubbles present in the water).

6.3.2. MED/CU: Talent rinses the cap with water.

6.4. To avoid cross-participant contamination, the cap must be soaked a final time for 15-30 minutes in a water/disinfectant mixture such as 4 parts water to 1 part Envirocide, and then rinsed thoroughly again with water. 
6.4.1. CU: Talent places the rinsed cap into the water/disinfectant mixture. Have the disinfectant sitting in the background.

6.5. When hanging up the cap to dry, it should be placed symmetrically and without tension as it may retain some degree of its drying position, which can reduce the ease of subsequent impedance reduction. Let's wrap up by taking a look at some representative results.
6.5.1. MED: Talent removes the cap from the water/disinfectant solution

6.5.2. CU: Talent hangs the cap up to dry in the correct position. Get a shot of the cap in the final correct hanging position as well.

7. Representative ERP Results [image: image2.png]Time =180 ms
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7.1. figure5.tif: Now we’ll show some representative results following ERP data acquisition and analysis. The scalp voltage topography to the left and right reflect rapid retinotopic reactivation of visual cortical regions during accurate memory for items previously presented in the right and left visual field, respectively. 

INSTRUCTIONS FOR AUTHORS:

Please write narration for any representative video image, or representative data files above.  We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Representative Results

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
4. (last section) Conclusion (said by authors to camera)

You will say this part to the camera.

4.1. “I’ve just shown you how to acquire high density ERP data.'
4.2. “When doing this procedure it’s important to remember that participant comfort always comes first.'

4.3. “So that’s it.  Thanks for watching and good luck with your experiments”

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 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.  

2.1 −  ERPData_Slotnick_Figure0.tif - sample ERP data from posterior electrodes
3.2 −  ElectrodeSystem_Slotnick_Figure1.tif  -  top view of 10-5 electrode system

4.3 −  Impedances_Slotnick_Figure2.tif  -  post-reduction impedance values

5.4 −  TriggerScripts_Slotnick_Figure3.tif  -  port initialization and trigger scripts

5.5 −  AmplifierSettings_Slotnick_Figure4.tif  -  amplifier filter/parameter settings

7 −  RepresentativeResults_Slotnick_Figure5.tif  -  posterior view of visual memory related activity

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.
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