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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate 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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.3., 2.6., 2.7., 2.9., 2.10.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.7., 2.9. it is crucial, when using a single shot modality, to take the pupil shot when the subject has begun to explore the puzzle surface to put the held piece at its place.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

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

1.1. Ugo Faraguna: The Locus Coeruleus is a deep brain structure that regulates behavioral arousal, attention, and cognitive performance. Its activity can be recorded indirectly by measuring the pupil size [1].  

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

1.2. Diego Manzoni: This approach allows the verification of whether stimuli that boost cognitive performance, such as trigeminal stimulation, modulate LC activity, as determined by changes in the pupil size [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer NOTE: Good takes are 6 or 8.

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

1.3. Tommaso Banfi: Experimental evidence suggests that neurodegenerative diseases are associated with LC dysfunction. The present approach will pave the way for the modulation of trigeminal input to the LC for therapeutic purposes [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer NOTE: Best take is 5.

Introduction of Demonstrator (Said by you on camera):

1.4. Ugo Faraguna: Demonstrating the procedure with Tommaso Banfi will be Vincenzo De Cicco, a professional physician and odontologist [1][2].  

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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 Ethics Committee at the Pisa University.
Section - Protocol
2. Material Preparation and Protocol 1
2.1. To perform the experiment, a commercially available piece of chewing gum – referred to as a “soft pellet” [1-TXT] and a silicon rubber pellet – referred to as the “hard pellet” are needed [2-TXT]. 
2.1.1. WIDE: Talent preparing soft pellet TEXT: initial hardness = 20 shore OO 
2.1.2. Shot of hard pellet(s) TEXT: constant hardness = 60 shore OO Videographer NOTE: Take 1 is as requested on the script. Alternatively, take 2 shows hard pellet next to soft pellet. 
2.2. A tangram puzzle must also be prepared for the haptic task [1].
2.2.1. Shot of tangram puzzle

2.3. For Protocol 1, provide a paper displaying three 10 x 10 numerical matrices to the Subject [1] and ask the Subject to sequentially scan the matrix lines while using a pencil to tick as many target numbers indicated above each matrix within 15 seconds to measure the Subject’s baseline cognitive performance, [2-TXT].

2.3.1. WIDE: Talent displaying matrices to Subject
2.3.2. Subject sequentially scanning matrix lines while ticking target numbers Videographer: Important step TEXT: 60 targets out of 300 total displayed numbers

2.4. Then manually evaluate the performance index, scanning rate, and error rate [1-TXT].

2.4.1. Talent working out formula in notebook or paper or similar, computing the following metrics TEXT: See text for PI, SR, and ER scoring details Videographer NOTE: Correct take is 2, do not use 1 because there is an error. 

2.5. To measure the baseline pupil size, seat the Subject at an optimal working distance of 56 millimeters from a corneal topographer-pupillographer [1] and acquire single, separate camera shots of the left and right pupils under a constant illumination of 40 lux [2].

2.5.1. Talent gesturing for Subject to near camera/Subject sitting near camera
2.5.2. SCREEN: 4.3.2.: 00:28-00:52 Videographer: please speed up

2.6. To evaluate the pupil size during a tangram haptic task, place one of the pieces from the puzzle into the Subject’s hand [1] and ask the Subject to return the piece to the tangram while recording the Subject’s pupil size [2].

2.6.1. Talent placing puzzle piece in Subject’s hand Videographer: Important step Videographer NOTE: 2.6.1. was merged with 2.6.2. 
2.6.2. Subject putting the piece back into the puzzle while Talent records pupil size Videographer: Important step

2.7. To measure the pupil size during the haptic task, acquire the photos while the Subject performs the second of two task repetitions at the beginning of the puzzle surface exploration [1], evaluating the left and right pupil size by direct acquisition of the values displayed by the software in millimeters [2].

2.7.1. Talent evaluating pupil size(s) while Subject performs haptic task Videographer: Important step
2.7.2. LAB MEDIA: screen 4.4.2.

2.8. Then subtract the pupil size at rest from the pupil size during the haptic task to calculate the task-related mydriasis and obtain the average value for both the right and left pupils [1-TEXT].

2.8.1. BLACK TEXT OVER WHITE BACKGROUND: (Task-related midriasis) = (Pupil size at rest) – (Pupil size during haptic task)

2.9. Next, ask the Subject to chew a self-administered soft pellet [1], letting the Subject spontaneously choose both the rate of chewing and the preferred mouth chewing side [2]. 

2.9.1. Talent giving soft pellet to Subject/Subject eating soft pellet Videographer: Important step
2.9.2. Shot of Subject’s jaw chewing Videographer: Important step

2.10. After 1 minute, provide the Subject with a new soft pellet [1] and ask the Subject to switch the chewing side for 1 more minute of chewing [2-TXT].

2.10.1. Talent giving Subject new pellet 
2.10.2. Pellet side being switched Videographer: Important step TEXT: See text for hard pellet and handgrip exercise details

2.11. Immediately after the end the chewing exercise, evaluate the Subject’s performance in the matrices test as demonstrated [1] while measuring the pupil size both at rest [2] and during the haptic task [3].

2.11.1. 2.7.1 Subject performing the matrices test
2.11.2. 2.7.2 SCREEN: 3.1.2_4.2.1.1 
2.11.3. SCREEN: 4.2.2.: 00:21-00:31

2.12. Thirty minutes following the end of the chewing exercise, evaluate the Subject performance and pupil size both at rest [1] and during the haptic task [2].

2.12.1. SCREEN: 3.1.5_4.2.1.1 
2.12.2. SCREEN: 4.2.2.: 01:47-01:57

3. Protocol 2

3.1. For protocol 2, equip the Subject with a wearable pupilometer-eye tracker endowed with a 3D-printed glass frame structure [1] and adjust the position of the two infrared cameras mounted on the frame [2] so that the Subject’s eyes are in focus within the field of view of the cameras [3].

3.1.1. WIDE: Talent giving tracker to Subject/Subject putting on tracker
3.1.2. Talent adjusting camera position(s)
3.1.3. Shot of Subject’s eye’s in FOV

3.2. Using a calibrated logarithmic light sensor mounted on the wearable pupillometer frame to continuously and simultaneously record the environmental illumination level [1], acquire images of the Subject’s pupils at rest at a 120-hertz sampling rate within the wearable pupilometer software for 20 seconds [2].

3.2.1. Shot of light sensor on frame recording illumination level
3.2.2. SCREEN: 5.3.2.

3.3. To obtain the baseline cognitive performance data, record the size of the pupils while the Subject performs the Spinnler-Tognoni test [1].

3.3.1. SCREEN: 3.4.2.: 00:00-00:10 Videographer NOTE: Screen media resent NOTE: I think it’s 3.3.1.mp4 or 3.3.1 (1).mp4

3.4. During the haptic task, manually evaluate the left and right pupil sizes at rest [1] and during the task by averaging the acquired values for each pupil [2].

3.4.1. SCREEN: 5.5.1.
3.4.2. SCREEN: 5.5.2.

3.5. Then calculate the task-related mydriasis as demonstrated to obtain the average values for both the left and right pupils [1].

3.5.1. Talent at computer, calculating values

3.6. Next, ask the Subject to chew a self-administered soft pellet [1], letting the Subject spontaneously choose both the rate of chewing and the mouth chewing side [2].

3.6.1. Talent giving Subject a soft pellet
3.6.2. Shot of Subject’s jaw chewing soft pellet

3.7. After 1 minute, provide the Subject with a new soft pellet [1] and ask the Subject to switch the chewing side for an additional minute of chewing [2-TXT].

3.7.1. Talent handing pellet to Subject
3.7.2. Subject changing chewing side TEXT: See text for hard pellet and handgrip exercises

3.8. Immediately at the end of the chewing exercise, evaluate the pupil size at rest [1] and both the performance and the pupil size during the matrices test [2].

3.8.1. Talent evaluating pupil size
3.8.2. SCREEN: 3.4.2.: 00:00-00:10 Videographer NOTE: Screen media resent NOTE: I think it’s 3.8.2.mp4 

3.9. Thirty minutes following the end of the chewing exercise, evaluate both the pupil size at rest [1] and both the performance and pupil size during the matrices test [2]. 

3.9.1. Talent evaluating pupil size
3.9.2. SCREEN: 3.5.2.: 00:00-00:10 Videographer NOTE: Screen media resent NOTE: I think it’s 3.9.2.mp4 
[bookmark: _GoBack]



Section – Results
4. Results: Representative Pupil-Linked Changes in Locus Coeruleus-Mediated Arousal Elicited by Trigeminal Stimulation 

4.1. In this representative example, the performance index was increased soon after having chewed either a hard [1] or soft pellet [2].

4.1.1. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize closed circle data line from about 1.73 to 2.27
4.1.2. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize closed square data line from about 1.67 to 1.87

4.2. However, after 30 minutes, the increased performance persisted only for the hard pellet [1].

4.2.1. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize closed circle data line from 30-40 min

4.3. Two control conditions, such as a lack of activity [1] and the handgrip exercise, had a negative effect on performance [2], with a tendency to recover after 30 minutes [3].

4.3.1.  LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize open square data line from 0 to 10 min
4.3.2. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize open circle data line from 0 to 10 min
4.3.3. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize open shape data lines from 10 to 30 min

4.4. Qualitatively similar changes were observed for the task-related mydriasis of individual samples taken randomly when the subject was resting [1].

4.4.1. LAB MEDIA: Figure 4B

4.5. In the continuous acquisition mode of the instrument, individual samples are representative of the final average value, since the pupil reaches a stable size within 5 seconds from the start of a constant level of eye illumination [1].

4.5.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize both pupil data lines from 2-5 seconds 

4.6. In single subjects, a strong correlation was observed between the performance and the task-related mydriasis [1], after chewing hard [2] and soft pellets [3].

4.6.1. LAB MEDIA: Figure 5A: JoVE Video Editor please emphasize correlation line
4.6.2. LAB MEDIA: Figure 5A: JoVE Video Editor please emphasize closed square data points
4.6.3. LAB MEDIA: Figure 5A: JoVE Video Editor please emphasize closed circle data points

4.7. A correlation is also evident when the corresponding changes are normalized for the baseline values [1].

4.7.1. LAB MEDIA: Figure 5B: JoVE Video Editor please emphasize correlation line

4.8. Even stronger evidence of LC involvement in the stimulating effects of chewing on cognitive performance can be obtained by correlating the chewing-induced changes in the performance index with the change in mydriasis observed during the execution of the same matrices test [1].

4.8.1. LAB MEDIA: Figure 6



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Ugo Faraguna: Using this procedure, it is very important to carefully control the environmental lighting, as external light can be a major determinant to the pupil size, confounding the results [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 2.3., 2.4.-2.7., 3.1.-3.4.)
5.2. Ugo Faraguna: This procedure might find several applications. For example, we are currently studying whether the correction of an occlusal asymmetry may boost performance by affecting LC activity [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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