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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/N) 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. Y

3. Which steps from the protocol section below are the most important for viewers to see? 
2.1-2.3, 2.6, 2.8, 3.6

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.1 – 3.2 are vital to ensure the success of the experiment. 3.1: “Begin, by generating a hand kinesthetic percept… and capture the kinematics of the perceived motion...” directly influences 3.2: “Use a virtual hand/prosthetic simulation to reproduce the kinematics of the movement percept.” 
To form a sense of agency, it is crucial that the movement percept a participant feels closely matches the movement they see the virtual prosthesis perform. To ensure success, it will be necessary to communicate with the participant and prompt them to clearly articulate their experienced movement percept, e.g., which digits were felt moving, their velocities and ranges of motion. After measuring and importing these movement kinematics into the virtual prosthesis system, communication will again be important to allow the investigator to make adjustments to the virtual kinematics to ensure the virtual displayed prosthesis movements closely align with their movement percept.      

5. Will the filming need to take place in multiple locations? N


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

1.1. Jonathon Schofield:  True limb replacement requires blurring the cognitive-perceptual lines between self and machine. Agency is the crucial bridge to perceiving the actions of an artificial limb as intentional and self-generated [1].

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

1.2. Jonathon Schofield: This technique provides unique insight into the effectiveness of the cognitive-perceptual communication between the human and machine [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)  - All interview statements may be edited for length and clarity.

1.3. Courtney Shell: This method could extend into any examination of effects of feedback on agency during intentional movement, such as with myoelectric or body-powered prostheses, cortical stimulation, stroke, and even hand transplants [1].

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

Introduction of Demonstrator: (Said by you on camera)

1.4. [bookmark: _GoBack]Jonathon Schofield: Demonstrating the procedure will be Dylan Beckler, a research engineer in our laboratory. {Comment: Two research engineers were filmed performing the work. The interview was changed to introduce both people and filmed accordingly}

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.

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 Cleveland Clinic’s human research ethics committee.

Section - Protocol
2. NMI Experimental Setup
2.1. Begin by generating a hand kinesthetic percept through the participant’s neural-machine interface, or NMI, and capture the kinematics of the perceived motion by having the participant demonstrate what they feel using their intact hand [1]. 
{Comment: 2.5. should occur before 2.1 as all the testing is performed in the same room and at the same table}
2.1.1. MED: Show participant using intact hand to demonstrate what they feel.

2.2. Use a virtual hand/prosthesis simulation to reproduce the kinematics of the movement percept [1].

2.2.1. MED: Show virtual hand making the same movements as the participant on computer with participant and talent watching. 

2.3. Next, set up hardware to capture the intentional hand movement control signals from the participant’s NMI [1].  Map this control signal to the activity of the virtual prosthesis [2].

2.3.1. MED: Talent sets up hardware to capture the hand movements.

2.3.2. MED: Talent at computer, show activity of virtual prosthesis. 

2.4. Then, create a master control program that coordinates the acquisition of the NMI control signal, the movement of the virtual prosthesis, and the generation of kinesthetic NMI feedback in real-time [1].  

2.4.1. MED: Talent at computer. Show interface of software that controls NMI signal and movement of prosthesis. 
2.5. Next, escort the participant into the testing room [1], and have them sit in front of a monitor [2].  

2.5.1. WIDE: Talent escorts participant to a table where they sit in preparation for the experiment. {Comment: 2.5. should occur before 2.1 as all the testing is performed in the same room and at the same table} 

2.5.2. MED: Talent positions a monitor horizontally (i.e., on its back, facing upward) on a table in front of them.
2.6. Display the virtual prosthesis on the monitor and adjust its size and location so that it is positioned congruently with the location of their missing limb [1].
2.6.1. MED: With the participant watching the monitor, talent puts the virtual prosthesis on the monitor, and adjusts its size/location. 
2.7. Then, render objects, such as floating balls, in the virtual environment to serve as stop points for the close and open positions of the hand [1].
2.7.1. MED: Talent puts a virtual floating ball on the monitor. 
2.8. Finally, configure the master control program so that when the virtual digits contact the virtual stop points, an auditory tone is played after an adjustable time delay [1-TXT].
2.8.1. MED: Talent talks to participant. Talent points to virtual digit, and points to the floating ball. Then, talent points to his/her ear. Participant nods in understanding. 
TEXT: Time delay: 300, 500, 700, or 1000 ms

3. NMI Experiment 
3.1. Prior to starting the experiment, build an input file for the master control program that specifies the settings for each trial as well as the control and experimental conditions [1-TXT].
3.1.1. MED-over shoulder: Show talent at the computer working on a file labeled ‘baseline condition’. 
TEXT: See text protocol for details on the two control conditions. 
3.2. Program additional conditions designed to parse out the contributions to agency of motor intent, kinesthetic sensation, and temporal mismatch with the displayed kinematics of the virtual prosthesis [1]. For example, consider using the following five conditions: Opposite movement, too fast, too slow, onset delay, and no feedback [2-TXT].
3.2.1. MED-over shoulder: Show talent at computer programming additional conditions. Show prosthesis on screen as an example. 
3.2.2. MED: On screen, show example of the too slow condition, where virtual hand is closing slowly. 
TEXT: See text protocol for detail on all additional conditions. 
3.3. To initiate each trial, press a start button on the master control program [1], which moves the virtual hand to the start position, signaling the beginning of the trial [2]. 
3.3.1. MED: Talent hits the start button in the software. {Comment: this button is labeled “run” in the software}  
3.3.2. MED: Virtual hand goes into start position. 

3.4. In the first practice session, have the participant drive the hand to the movement endpoint and play the auditory tone 1,000 ms after the virtual digits reach the virtual stop points for 10 trials [1].

3.4.1. MED: Show participant moving hand to the endpoint. Note to Videographer: Collect multiple shots.
3.5. In the second practice session, again, have the participant drive the hand to the movement endpoint [1]. Randomize the auditory tones so that the 300, 500, and 700 ms delay intervals are presented at least 5x each. Record the participant’s verbally reported estimation of the time delay interval [2-TXT].
3.5.1. MED: Use shot 3.4.1.
3.5.2. MED: Participant speaks to talent to report when they heard the tone and talent records the participant’s verbally reported estimation of the time delay interval.
TEXT: Do not inform participant of accuracy of their delay estimates. 
3.6. Finally, proceed with the experimental sets of 15 trials for each condition [1-TXT]. Present the conditions in a randomized order and administer a questionnaire at the end of each condition [2-TXT]. 
3.6.1. MED: Show participant completing 1-2 trials. 
TEXT: Ensure participant is not fatigued during testing. If so, provide breaks between experimental sets as needed to prevent fatigue.
3.6.2. MED: Show participant completing the questionnaire. 
TEXT: End block with 15 trials for passive condition; Complete 4 randomized experimental blocks in total.












Section – Results
4. Results: Average explicit and implicit measures of agency for each feedback condition.
4.1. Here, results indicate the average score for the four agency questions, as well as four control questions for each participant and by each feedback condition [1]. An average rating greater than 1 indicates an agreement with a given statement and 0 indicates neutrality of agreement [2].
4.1.1. LAB MEDIA: Figure 2B – Video Editor: Emphasize ‘agency’ column when first mentioned in the VO, then emphasize the ‘control’ column when mentioned in the VO.  Show legend. 
4.1.2. LAB MEDIA: Figure 2B – Video Editor: Emphasize data greater than y = 1. Show legend. 
4.2. Differences between the actual and perceived time intervals were then averaged across the three participants and are presented relative to the baseline feedback condition [1]. Larger negative differences are an indication of a stronger implicit sense of agency, such as with the ‘too fast’ condition [2].
4.2.1. LAB MEDIA: Figure 3B – Video Editor: Highlight title.
4.2.2. LAB MEDIA: Figure 3B – Video Editor: Emphasize ‘too fast’ green line. 
4.3. Further, these results show a comparison of explicit and implicit agency measures [1]. The ‘too fast’ condition demonstrated the strongest formation of agency, both explicitly and implicitly [2].
4.3.1. LAB MEDIA: Figure 4
4.3.2. LAB MEDIA: Figure 4 – Video Editor: Emphasize ‘too fast’ green data. Highlight x-axis label, ‘Agency’. Highlight ‘greater agency’ text in the bottom left. {Author Comment:  in 4.3.2, highlight the x-axis when you say explicit and the y-axis when you say implicit  the x-axis labelled ‘Agency’ is an explicit measure of agency and the y-axis  labelled ‘Estimated time interval’ is an implicit measure of agency. }  


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

5.1. Courtney Shell: Minor modifications could expand our techniques to study how additional sensory modalities, such as touch, influence agency. Additionally, adding limb ownership measures could characterize interrelationships between agency and embodiment [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Jonathon Schofield: This technique enabled exploration of the role of perceptual movement feedback in an NMI on the intrinsic mechanism that the brain uses to establish authorship over intended movement [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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