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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No, but it does include visuals displayed through an Oculus virtual reality head-mount display  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? Yes
C.  Which steps of your protocol will viewers benefit most from having filmed?  Steps 3.2, 3.4, 3.7, 3.8

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Step 3.4 – subjects need to get accustomed to the setup. A short practice period is given for the subjects to get used to it.
E.  Will the filming need to take place in multiple locations? No
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: Please memorize the interview statements prior to filming)

A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this training setup using virtual reality is to increase performance gains on a simple motor skill in a limb in the absence of its voluntary physical movement. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Roy Mukamel: This method can help answer key questions in the field of motor skill learning, such as the role of sensory perception in skill acquisition. 
1.2. Roy Mukamel: The main advantage of this technique is that it allows full control of visual and proprioceptive input during training.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Roy Mukamel: The implications of this technique may extend toward therapy of upper limb hemiparesis, because control of the healthy hand is used to train the affected hand.  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Roy Mukamel: Demonstrating the procedure will be Shiri, a research assistant from my laboratory.
1.4.1. Interview style: Author saying the above 

1.4.2. 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 Ethics committee of Tel-Aviv University.
Protocol: (read by voice talent at JoVE)
2. Virtual Reality Setup
2.1. Begin by escorting the subject to the testing chair [1-WIDE], and have them sit down with their hands forward and palms facing down [2-MED].
2.1.1. Talent walks the subject to the test chair.  
2.1.2. Subject sits down in the chair, places their hands forward and palms down. 
2.2. Place the virtual reality, VR, headset with the head-mounted 3D camera on the subject to provide online visual feedback of the real environment [1-MED]. Ensure the video from the camera is presented in the VR headset [2-MED].

2.2.1. Talent places the VR headset on the subject’s head. 

2.2.2. Talent talks to the subject. Subject nods head yes. 2.2.1 and 2.2.2 should be merged (guessing they filmed this as one shot)
2.3. Next, place motion-sensing MR-compatible gloves on to the subject’s hands which allow online monitoring of individual finger flexure in each hand [1-CU]. Ensure that the subject only see’s the virtual hands [2-?] when looking down to the location of where their real hands would be [3-MED].
2.3.1. Placing the motion-sensing MR-compatible gloves on the subject’s hands
2.3.2. Hide the subject’s real hands. [# additional shot #]

2.3.3. Ensure that the subject only see’s the virtual hands when looking down to the location of where their real hands would be. Talent talks to the subject. Subject shakes head no. [# additional shot #] 
2.4. Be sure to check that the software records the hand configuration provided by the gloves [1-MED-over shoulder].
2.4.1. Talent, at computer, checks that software is recording hands.  
2.5. Then, place the subjects’ hands in a specialized motion control device and strap the right and left fingers individually to the pistons [1-MED-TXT]. Make sure the subjects can move their right hand fingers separately [2-CU].
2.5.1. *Film as written TEXT: Check that the software records hand configuration provided by the gloves
2.5.2. Subject moves fingers in right hand. 

2.6. Finally, verify that voluntary movement of the left hand fingers is restricted by asking the subjects to move their left hand while it is located inside the device [1-MED].
2.6.1. Talent talks to subject, and subject shakes head ‘no’.

3. Experiment & Analysis 

3.1. Begin by unstrapping the subjects’ hands from the motion control device [1-MED].
3.1.1. Talent unstraps one hand from the motion control device.  
3.2. Then, have the subjects perform a uni-manual 5-digit finger sequence movement repeatedly as accurately and rapidly as possible with the non-training hand for 30 seconds [1-MED/CU-TXT].
3.2.1. Show subject performing 5-digit finger sequence movement, then show a close up on the hand. TEXT: Note: Each individual finger flexion should be at least 90 degrees.
3.3. Note, if the sequence is 4-1-3-2-4, have the subjects move their fingers in the following order: little-index-ring-middle-little [1-CU].
3.3.1. Show subject moving fingers in the following order: little-index-ring-middle-little [# cancelled #]
3.4. Next, strap the hands of the subject to the motion control device [1-MED]. Then, cue the subject to the upcoming training stage [2-?] to perform the sequence of finger movements with the active hand in a self-paced manner [3/4-MED-TXT].
3.4.1. Talent straps one hand to the device.

3.4.2. Show subject with both hands in the device. Talent talks to the subject and the subject nods their head ‘yes’.  
3.4.3. Subject trains on the finger sequence at self-pace with her right hand. Visual feedback of left virtual hand movement is provided. [# Additional take; subject view #] 

3.4.4. [# Additional take; Screen view of step 3.4.3 #] Editor – use if possible, if needed TEXT: Repeat finger tapping evaluation 
3.5. Following the evaluation, analyze the data in the customized software which records the hand configuration from the gloves during the experiment [1-MED-over shoulder].
3.5.1. Talent sitting at computer opens software to look at the data.  
3.6. Click ‘Session left file’ and choose the files created in the ‘Left Hand Capture’ folder under the relevant subject. Then, click ‘Session right file’ and choose the files created in the ‘Right Hand Capture’ folder under the relevant subject [1-SCREEN].
3.6.1. *To be submitted by authors. 

3.7. Next, click ‘Play session’ to replay and visualize the virtual hands movements during each evaluation stage based on the data recorded from the sensors in the motion-tracking glove [1-SCREEN]. 

3.7.1. *To be submitted by authors. 

3.8. Finally, for each evaluation step and each subject separately, count the number of complete and correct finger sequences performed with the non-trained hand, and then calculate the performance gains index [1-MED-over shoulder-TXT][2-MED-over shoulder-TXT].
3.8.1. Talent at the computer, counts correct finger sequences within the data. TEXT: Calculate performance gains index - see text protocol for formula.
3.8.2. [# not filmed #]. Authors suggest a media picture of the formula should be presented here – but this might be dull/odd, so let’s see if they will go for the TEXT instead first.
4. Results: Left-hand performance gains higher relative to observation or right hand training 
4.1. Left hand performance gains following training in the cross education, CE, and Visual manipulation condition were significantly higher relative to the gains obtained following training by left hand observation or following right hand training with congruent visual feedback, which is the traditional form of CE [1-LM].
4.1.1. Figure 2: Highlight y-axis label when ‘left hand’ is mentioned in the VO. Highlight the red bar first when ‘CE and Visual manipulation’ is mentioned. Keep the red column highlight and also put a box around the yellow column when ‘training by left hand’ is mentioned in the BO. Then, remove the box around the yellow column and put a box around the green column when ‘following right hand training’ is mentioned in the VO. 

4.2. In another set of healthy subjects where three training types were implemented, results indicated [1-LM] that the addition of passive left-hand finger movement to the visual manipulation, yielded the highest left-hand performance gains that were significantly higher than performance gains following the visual manipulation alone [2-LM]. 
4.2.1. Figure 3: Highlight the legend, each color one at a time.

4.2.2. Figure 3: Highlight the pink column (make color stronger) when ‘addition’ is mentioned in the VO. 

5. Conclusion (said by authors on camera)

5.1. Roy Mukamel: Once mastered, this technique can be done in 20 minutes if it is performed properly.

5.2. Roy Mukamel: While attempting this procedure, it’s important to remember to provide adequate breaks between training sessions.

5.3. Roy Mukamel: Since the gloves in the setup are MRI compatible, this procedure can be performed inside an MRI scanner in order to answer additional questions about the underlying neural mechanisms involved.
5.4. Roy Mukamel: After its development, this technique paved the way for researchers in the field of motor skill learning to explore manipulations of sensory input, both visual and proprioceptive, in the process of skill acquisition.

5.5. Roy Mukamel: After watching this video, you should have a good understanding of how to train a limb in the absence of its voluntary physical movement.

5.6. Roy Mukamel: Don't forget that working with the passive movement device can be tiring, therefore breaks during training should be provided.   

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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