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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Yes.
 If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.1, 2.2, 3.2, 3.5, 3.6, 4.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.5, 3.6 
E.  Will the filming need to take place in multiple locations?  YES. If yes, how far apart are the locations? Inside the Institute of Cognitive Neuroscience building (17 Queen Square, London, WC1N 3AR) and just outside of it (Queen Square).

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
(AUTHORS: The intro section cannot be more than 150 words, therefore some of the sound bites were edited out. Also, please memorize all interview statements prior to filming)

A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this study is to evaluate the use of a fibreless functional near infrared spectroscopy system to monitor frontal lobe hemodynamic and oxygenation changes induced by a cognitive task. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Paul Burgess: This method can help answer key questions about prefrontal cortex functions, and it is most optimally studied in naturalistic and ecological settings as opposed to within a laboratory. 
1.2. Ilias Tachtsidis: fNIRS offers the advantages of being noninvasive, portable, and wearable with minimal restraints, which make it well suited for studying brain activity on freely moving participants in naturalistic situations.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sam Gilbert: This technique can potentially be used to detect rostral prefrontal cortex abnormalities, which reveal themselves in naturalistic tasks, but not in the laboratory.  It can also be applied to clinical situations like neurorehabilitation, to study the neural effects of training procedures.
Sam Gilbert: Though this method can provide insight into the study of executive functions, it can also be applied in clinical situations, like neurorehabilitation, to study the neural effects of training procedures.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.2. 1.3 Ilias Tachtsidis: Demonstrating the procedure will be Frida Lind, a research assistant at UCL, Sarah Power and Elizabeth Swingler, two postgraduate students at UCL. 

1.2.1. 1.3.1 Interview style: Author saying the above 

1.2.2. 1.3.2 The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving human subjects have been approved by the UCL local research ethics committee.
Protocol (read by voice talent at JoVE):

2. Instrument Setup
2.1. Begin by setting up a camera on the experimenter’s chest in order to follow the participant’s movements [2.1.1-MED]. 
2.1.1. *Filmed as written

2.2. Then, mount a head camera onto the functional near infrared spectroscopy, or fNIRS (pronounced f-nears) shading cap, which is used to protect the device from sunlight and to track where the participant looks during the experiment [2.2.1-MED].
2.2.1. *Filmed as written

2.3. Prepare and turn on a camera for the second experimenter who follows the first experimenter and the participant around for the entire session [2.3.1-MED].
2.3.1. *Filmed as written

2.4. Finally, clean the fNIRS headset with a sanitizing wipe [2.4.1-MED].
2.4.1. *Filmed as written

3. fNIRS probe placement
3.1. Before the experiment begins, have the participant sign the consent form [3.1.1-MED-over shoulder].

3.1.1. *Filmed as written

3.2. Use the 10-20 (pronounced ten-twenty) system to digitize the optodes and use the 10-20 standard positions to achieve consistent fNIRS headset placement across all the participants [3.2.1-MED].

3.2.1. *Filmed as written

3.3. Use a washable marker to mark the nasion (pronounced na-ze-on) and inion, and measure the distance between these two points [3.3.1-LM]. Then, mark the left and right pre-auricular points and measure the distance over the head between these points [3.3.2-LM].
3.3.1. Figure 2: Highlight the Nz and Iz when nasion and inion are mentioned in VO.

3.3.2. Figure 2: Highlight LPA and RPA when left and right are mentioned in VO.

3.4. Mark the Fpz (pronounced F-p-z) and Fz (pronounced F-z) points based on the 10-20 system [3.4.1-LM].
3.4.1. Figure 2: Highlight each circle according to VO.

3.5. Next, place the fNIRS headset on the participant’s head and align channels 8 and 9 to the Fpz-Fz line and overlap channel 9 to Fpz [3.5.1-MED]. Ensure the probe is securely attached to the participant’s head [3.5.2-MED].

3.5.1. *Filmed as written

3.5.2. *Filmed as written

3.6. Paola Pinti: The fNIRS headset needs to be well attached to the head in order to prevent any displacement during natural walking, which can cause motion artifacts that corrupt the measurement [3.6.1-MED].
3.6.1. Talent speaks toward camera, interview style.
3.7. After digitization, place the shading cap with the mounted head camera over the fNIRS headset in order to protect the device from the sunlight [3.7.1-MED].

3.7.1. *Filmed as written

3.8. Paola Pinti: The shading cap is necessary to reduce the risk of saturating the optical detectors, which is caused by sunlight [3.8.1-MED].
3.8.1. Talent speaks toward camera, interview style.

(AUTHORS: Please memorize the above two interview statements prior to filming)
3.9. Finally, explain the experimental rules to the participant [3.9.1-MED]. Inform them that no running is allowed and that they must stay within the designated outside area [3.9.2-MED]. Go outside to begin the experiment [3.9.3-WIDE]. 

3.9.1. Talent talking to the participant
3.9.2. Talent generally points to the area the participant must remain within during the experiment.
3.9.3. *Filmed as written

4. fNIRS signal quality assessment and data acquisition
4.1. Begin by pressing the ‘power’ button on the portable box and put the fNIRS into the wireless mode [4.1.1-CU].
4.1.1.  *Filmed as written

4.2. Then, open the fNIRS acquisition software on the fNIRS laptop and establish a connection with the portable box [4.2.1-MED-over shoulder].

4.2.1. *Filmed as written

4.3. Press the ‘probe adjustment’ button to optimize the detectors gain on the base of the detected light [4.3.1-CU].
4.3.1. *Filmed as written

4.4. Next, press the ‘ready’ button, and then ‘start’ to acquire data for a minute. Check if a heartbeat is visible on the concentration signals, which ensures a good signal quality [4.4.1-SCREEN].
 

4.4.1. *To be submitted by Author SUBMITTED FILE: Screen_4.4.1.mov
4.5. Press the ‘Power’ button on the portable box to turn off the wireless mode [4.5.1-CU].  Additionally, press the ‘Power’ button and the “mode’ button on the portable box to put the fNIRS in stand-by mode [4.5.2-CU].
4.5.1. *Filmed as written

4.5.2. *Filmed as written

4.6. Next, turn on the head camera and both of the experimenter’s cameras to start filming [4.6.1-LM]. Press the ‘Probe Adjustment’ button on the fNIRS portable box to optimize the detectors gain [4.6.2-CU]. Then, press the ‘Play/Stop’ button on the portable box to start the fNIRS acquisition [4.6.3-CU]. 

4.6.1. *Filmed as written

4.6.2. *Filmed as written

4.6.3. *Filmed as written

4.7. Finally, manually add a marker to the fNIRS data by using the ‘mark’ button on the fNIRS portable box in conjunction with an audio trigger, which must be clearly recorded on all video cameras [4.7.1-MED]. Then, start the experiment [4.7.2-WIDE].
4.7.1. *Filmed as written

4.7.2. Participant begins to walk outside.

5. fNIRS Experimental Conditions

5.1. To assess frontal cortex function, have the participant complete a prospective memory task [5.1.1-MED].
5.1.1. Talent and participant standing outside.
5.2. Begin by having the participant stand stationary on a street where the test is conducted and count the number of stimuli on a piece of paper [5.2.1-MED-TXT].

5.2.1. *Filmed as written (multiple shots with different angles – will be repeated later); TEXT: Rest 1 Condition
5.3. Then, have the participant walk a short distance at a normal walking pace [5.3.1-WIDE-TXT].

5.3.1. *Filmed as written (multiple shots with different angles – will be repeated later); TEXT: Rest 2 Condition
5.4. For the Baseline condition, have the participant walk around the street where the experiment is conducted [5.4.1-WIDE-TXT]. 

5.4.1. *Filmed as written; TEXT: Baseline

5.5. Next, have the participant walk around the experimental area and count the occurrence of certain items to complete the uncontaminated ongoing condition [5.5.1-LM-TXT].
5.5.1. Chest_5.5.1.m4v; TEXT: Uncontaminated ongoing condition
SUBMITTED FILE: Chest_5.5.1.mov

(AUTHORS: Please submit chest video footage for this step and label the file Chest_5.5.1.m4v)
5.6. For the non-social prospective memory condition, have the participant give a ‘fist bump’ to each parking meter as he comes within a specified distance of it [5.6.1-MED-TXT]. At the same time, the participant must count the number of dates and opening hours affixed to buildings [5.6.2-MED].
5.6.1. *Filmed as written; TEXT: Non-social prospective memory condition

5.6.2. *Filmed as written

5.7. Next, for the social prospective memory condition, have the participant give a ‘fist bump’ to a confederate who moves to pre-specified locations in the experimental area [5.7.1-MED-TXT]. At the same time, have the participant count the number of doorbells. [5.7.2-MED].
5.7.1. *Filmed as written; TEXT: Social prospective memory condition

5.7.2. *Filmed as written

5.8. Then, have the participant count the number of unobstructed stairways within the testing area to complete the contaminated ongoing condition [5.8.1-LM-TXT].
5.8.1. Chest_5.8.1.m4v; TEXT: Contaminated ongoing condition

SUBMITTED FILE: Chest_5.8.1.mov


(AUTHORS: Please submit head video footage for this step and label the file Head_5.8.1.m4v)
5.9. Repeat the two Rest conditions in the opposite order [5.9.1-Previous]. 

5.9.1. Split screen: Shot 5.3.1 then shot 5.2.1 with previous text overlays

5.10. Finally, watch the synchronized video stream and annotate the start and the end of each experimental condition of the cognitive task [5.10.1-MED-over shoulder]. Obtain time-stamps for the point at which each prospective memory target is reached [5.10.2-SCREEN].
5.10.1. *Filmed as written

5.10.2. *To be submitted by Author SUBMITTED FILE: Screen_5.10.2.mov
5.11. Finally, preprocess the fNIRS data.  Remove physiological noises with a band-pass filter and correct for motion artifacts [5.11.1-SCREEN]. 

5.11.1. *To be submitted by Author  Figure 3 B and C: Show one at a time.


6. Results: Fiberless fNIRS effectively monitors real time hemodynamic changes 
6.1. A fiberless, wearable functional Near Infrared Spectroscopy (fNIRS) system was used to measure frontal cortex activity during an ecological prospective memory task [6.1.1-LM]. 
6.1.1. Figure 1 A-C: Show one at a time.

6.2. The color maps shown on the brain cortex indicate the amplitude changes in concentration of oxyhemoglobin and deoxyhemoglobin across all the measurement channels while the participant executes social and non-social prospective memory tasks [6.2.1-LM].  
6.2.1. Video2.m4v Video2.mp4 @ 0:15-0:35.

6.3. This profile of hemodynamic changes demonstrates increments of oxyhemoglobin and decrements of deoxyhemoglobin that are typical of functional activation [6.3.1-LM]. This is shown in response to non-social [6.3.2-LM] and social [6.3.3-LM] prospective memory tasks. 
6.3.1. Figure 3C – Highlight red trace when oxyhemoglobin is mentioned in VO; highlight blue trace when deoxyhemoglobin is mentioned in VO.

6.3.2. Figure 3D

6.3.3. Figure 3E

6.4. Higher oxyhemoglobin increases and deoxyhemoglobin decreases to social prospective memory tasks are localized both on the left and right prefrontal cortex [6.4.1-LM], whereas similar hemodynamic changes during non-social prospective memory tasks are mainly localized in the left prefrontal cortex [6.4.2-LM]. 
6.4.1. Figure 5A-B – Label title as “Social Prospective Memory Tasks”
6.4.2. Figure 5C-D - Label title as “Non-Social Prospective Memory Tasks”


7. Conclusion (said by authors on camera)

7.1 Ilias Tachtsidis: In this video we have demonstrated how to perform functional experiments using portable and wearable fNIRS devices to assess brain activity during life-based cognitive tasks.

7.2 Elizabeth Swingler: The current experiment can take up to 1 hour and 30 minutes which includes the experimental set up and execution of the functional task.
7.3 Sarah Power: While attempting this procedure, it’s important to remember to stabilize and protect the instrumentation and synchronize all the recordings. 
7.4 Paola Pinti: The presented results are preliminary and refer to one participant. Further statistical analyses are required to localize functional activation in addition to analyzing a larger sample by including more participants.

7.5 Frida Lind: Following this procedure, the analysis of the video recordings has to be performed in order to recover functional events.

7.6 Clarisse Aichelburg: Behavioral analysis of the video recordings can help us link the fNIRS neuroimaging data to the participant’s performance.

7.7 Ilias Tachtsidis: In addition, it is also possible to monitor systemic changes, such as heart rate and breathing rate, to investigate how these physiological changes affect our fNIRS neuroimaging.

7.8 Paul Burgess: This technology can pave the way for researchers in the cognitive neuroscience field to explore brain correlates in ecological and less restrained settings.


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, .eps, 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 are included in the email accompanying the finalized script.
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