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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)  

2. Does your protocol include software usage? (Y)
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.

3. Which steps from the protocol section below are the most important for viewers to see? 

Steps 3.2, 3.3, 3.10
I think it would be nice to shoot the VTF activated by the force sensors when not on the subject. So to press the sensors and see the cuff vibrating. 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The 3D printer can jam. We'll heat it up before the shooting begins and make sure it runs properly. The motion capture system is located in a small room. I hope the shooting crew can manage there. I can try to take out unnecessary items before the shooting day. 
5. Will the filming need to take place in multiple locations? (Y)
If yes, how far apart are the locations? 
In adjacent buildings. One for the motion capture system and another for the 3D printer.  

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) 

1.1. Jason Friedman: The protocol tests the effect of vibrotactile feedback on the response to incongruent visual-tactile stimuli [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Jason Friedman: A motion capture system calculates the 3D coordinates of a block transferred across a partition.  The analysis of the movement time and path of the block in each repetition can be performed efficiently and precisely at the end of the trial. The reaction of the subject to the incongruent visual-tactile stimuli in the presence of VTF can be easily quantified [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) 


1.3. Eitan Raveh: Quantification of the positive or negative contribution of vibrotactile feedback during motor function that involve incongruent visual-tactile stimuli can assist in future design of upper limb prostheses, haptics in surgical tools, smart sportswear, or any other garments that incorporate vibrotactile feedback [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Sigal Portnoy: Any motion capture system and vibrotactile feedback system can be used to replicate our protocol [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Tel Aviv University.
Section - Protocol
2. Experimental Setup
2.1. Begin by obtaining a wooden box with a 15.2 cm high partition in the center [1-TXT]. 
2.1.1. MED: Talent places box on table and puts the partition in the center.
TEXT: Box: 53.7 cm x 26.9 cm x 8.5 cm (standard dimensions of a Box and Block test)
2.2. Place a soft sponge layer on both sides of the partition [1]. Then, place six passive reflective markers on the aspect opposite to the screen, at the four corners and on both ends of the partition [2].
2.2.1. MED: Talent places a soft sponge layer on both sides of the partition.
2.2.2. CU: Talent places one marker on one corner.  
2.3. Use a 3D-printer to manufacture a cube with the dimensions of 2.5 cm x 2.5 cm x 2.5 cm, attached to a base with the dimensions of 4.5 cm x 4.5 cm x 1 cm [1-TXT].
2.3.1. MED: Show 3D printer printing the cube.
TEXT: Download cube here: https://www.dropbox.com/s/82sc5v8ma9hoiqp/Block.STL?dl=0
2.3.2. [Added Shot]: Done again from a different angle. (Editor: Use either 2.3.1 or 2.3.2, whichever looks better)
2.4. Next, place a large screen approximately 1.5 m in front of a table, [1] and place the box on the table, 10 cm from the edge opposite to the screen [2].
2.4.1. MED: Show a large screen that is already in front of the table.
2.5. Finally, use a 6-camera motion capture system, activated at 100 Hz, to visualize the partition and the movement of the block in real-time [1]. Calibrate the motion capture system with an instrumented wand, so that the block and partition of the box are recognized as rigid bodies [2]. The, place the box on the table, 10 cm from the edge opposite to the screen [3].
2.5.1. MED: Show camera aimed toward the block.
2.5.2. MED: Talent moves wand across the volume to be calibrated. 
2.5.3. MED: Talent places the box on the table 10 cm from the edge opposite to the screen.
3. Vibrotactile Feedback Experiment
3.1. First, instruct the subject to remove any watches, bracelets, and rings [1]. Attach the VTF system controller to their forearm [2].
3.1.1. MED: Show subject removing a watch. 
3.1.2. MED: Talent attaches the VTF system controller. 
3.2. Then, attach two thin and flexible force sensors to the palmar aspect of the thumb and index fingers over a thin spongy layer [1]. 
3.2.1. MED: Talent attaches two thin and flexible force sensors to the palmar aspect of the thumb and index fingers
3.3. Place a cuff on the skin of the upper arm of the subject and ensure it sits comfortably [1]. Press the button to activate the battery attached to the controller [2], and then ask the subject to press their thumb and index fingers together lightly [3].
3.3.1. MED: Talent places a cuff on the skin of the upper arm.
3.3.2. CU: Talent presses the button to activate the battery.
3.3.3. CU:  Subject presses thumb and index fingers together lightly
3.4. Instruct the subject to train for 10 min in grasping the block as lightly as possible, using only the two instrumented fingers [1]. Have them lift the block, move it, and place it back on the table several times, attempting to apply a minimal amount of force on the block [2].
3.4.1. MED: Talent speaks to the subject.
3.4.2. MED: Subject lifts the block, moves it, and places it back on the table one time. 
3.5. Next, instruct the subject to stand close to the table, where the box and partition are placed [1].
3.5.1. WIDE: Subject stands close to the table with the box. 
3.6. Place a divider at the edge of the table near the subject and above the box, so that the subject is unable to see the box but can easily see the screen in front of him or her [1].
3.6.1. MED: Place a divider at the edge of the table near the subject and above the box
3.7. Then, place the block in the middle of the right compartment of the box [1] and guide the hand of the subject to it [2]. 
3.7.1. MED: Talent places the block in the middle of the right compartment of the box.
3.7.2. MED: Talent guides the subjects’ hand to the block. 
3.8. Start the software controlling the cameras of the motion capture system [1]. 
3.8.1. MED-over shoulder: Talent at computer, starts the software. 

3.9. In the control panel of the visual feedback software, select with/without VTF, type the code of the subject, click Run, Connect, Open and Start [1]. 

3.9.1. SCREEN: To be provided by the authors – Select with/without VTF, type the code of the subject, click Run, Connect, Open and Star.   Authors, please upload this screen capture to your project page.
3.10. Instruct the subject to transfer the block 16 times with the force sensor’s instrumented hand while viewing the movement of the virtual block on the screen [1-TXT].  After each transfer, move the block back across the partition to its starting location [2].
3.10.1. MED: Talent speaks to the subject. Subject transfers block once while looking at the screen. 
TEXT: Repeat 16 times. 
3.10.2. MED: Talent moves the block back across the partition.
3.11. After the subject completes all 16 repetitions, click Stop in the software [1].
3.11.1. MED-over shoulder: Talent presses ‘stop’ on computer. 
3.12. Finally, ask the subject to rate the difficulty level of performing the task of transferring the block 16 times twice, with and without the VTF, according to the following scale [1]: ‘0’ - not difficult at all, '1' - slightly difficult, '2' - moderately difficult, '3' - very difficult, and ‘4’- extremely difficult [2]. 
3.12.1. MED: Talent hands subject a paper and speaks to them. Subject nods head yes. 
3.12.2. MED-over shoulder: Subject circles difficulty level. 



Section – Results
4. Results: Positive correlation found between the perceived difficulty level of performing the task with the VTF activated and the path and duration of the object’s transfer motion.
4.1. Results indicated that the perceived difficulty level from 0 to 4 of performing the task [1] with the VTF significantly correlated with the normalized path length of the block with VTF. The normalized path length in the presence of incongruent visual-tactile signals was longer for subjects who perceived the task as more difficult when using the VTF.  [2].
4.1.1. LAB MEDIA: Figure 3. Video editor: Highlight each color from 0 to 4 on the without VTF bar.
4.1.2. LAB MEDIA: Figure 4. Video editor: Highlight the y-axis label. 
4.2. Further, the normalized path length was significantly longer for subjects who perceived the task as more difficult when using the VTF [1]
4.2.1. LAB MEDIA: Figure 4. Video editor: Highlight the diagonal trace, and highlight the x-axis label ‘moderately difficult’. 




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

5.1. Sigal Portnoy: It is critical that the subject is not aware of the possibility of misleading feedback during the trial. To ensure this, the bottom of the box is lined with soft sponge layer and the subjects wear circumaural earphones to eliminate auditory feedback of the block falling and hitting the wooden box. Also, the two transfers with incongruent feedback should be chosen randomly out of the 16 transfers performed [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Video editor: This shot goes with step 2.2. 
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