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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes

3. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length

Number of Steps:  17
Number of Shots:  32

Interviews 
1. Video 1: Author Spotlight: Advanced VR Training Protocols for Navigational and Cognitive Tasks in Mice

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at the National Institute of Environmental Health Sciences

Videographer: Obtain headshots for all authors. 


REQUIRED: What is the scope of your research? What questions are you trying to answer? 	Comment by Pallavi  Sharma: Authors: We can only keep 3 statements from a single authors in the video
1.1. Jared Glorius: This research explores detailed methodologies for training mice in virtual reality (VR) environments, specifically focusing on linear track navigation and complex Y-maze tasks. It aims to address gaps in VR training protocols and assess mice's ability to perform complex decision-making behaviors within VR.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: Figure 3


What research gap are you addressing with your protocol?
1.2. Jared Glorius: The protocol addresses gaps in detailed VR training methodologies for mice, including the integration of surgical procedures, fluid restriction, and system setup. It also provides a framework for implementing complex behavioral tasks, improving experimental consistency, and facilitating the adoption of VR for nuanced behavioral and cognitive studies in mice.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


What advantage does your protocol offer compared to other techniques?
1.3. Jesse Cushman: This VR protocol allows precise control over experimental conditions and minimizes movement-related noise, enabling detailed behavioral analysis and neurophysiological recordings in head-fixed mice. It also supports progressive complexity in tasks, enhancing the study of intricate behaviors and cognitive processes that other methods might not effectively capture. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 2.13



Videographer: Obtain headshots for all authors.

Protocol Videos 
2. Video 2: Training Protocols for Using VR Paradigms in Mice and Elucidating Methodologies for Complex Decision-Making Tasks
Demonstrator: Jared Glorius
Ethics Title Card
Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the National Institute of Environmental Health Sciences

[bookmark: _Hlk164261745]NOTE to Authors: Please consider the following key points for shots involving live animals/survival surgery (as applicable) to avoid raising concerns by JoVE’s veterinary reviewers.
· If lifting the animal by the tail, hold it close to the tail base, not far from it.
· Shave 150% of the area surrounding a surgical site (preferably using a depilatory cream). Ensure that there are no skin injuries and no fur in the surgical field.
· Prep the surgical site with both iodine-based scrubs and alcohol.
· Use sterile gloves only for surgery (not examination or non-sterile gloves).
· Make skin incisions with a surgical blade, not scissors.
· Avoid using silk thread for closing skin incisions in survival surgeries.

Protocol
2.1. To begin with, establish baseline weights for the mice one week from the day of the head bar implantation surgery [1].
2.1.1. WIDE: Talent weighing a mouse and recording the weight in a logbook. Videographer: Please take a still image of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping. 
3:24-3:35
2.2. On days 1, 2, and 3, provide the mice with 15, 10, and 5 milliliters of water per 100 grams of body mass, respectively [1-TXT].
2.2.1. Talent administering 15 milliliters of water to the mice using a syringe.  TXT:  Minimum water intake: 1 mL/day; Maintain consistent water dosage: 5 mL/100 g body weight
3:42-4:04
2.3. Start habituating the mice to the spherical treadmill [1-TXT] while also introducing them to fluid regulation to associate the lick tube with the reward through correctly timed physiological motivation [2].
2.3.1. WIDE: Talent positioning the mice on the spherical treadmill.  4:52-5:09, 5:29-5:41
2.3.2. Talent introducing lick tube to the mice 5:54-6:02, 6:32-6:45, 6:53-7:06 (best shot)

2.4. On the first day, handle the mice for 5 minutes after weighing them [1]. Gently grasp the head-bar implant while they are in their cage to familiarize them with this manipulation [2]. Introduce the mice to the area where the virtual reality system is housed to allow them to anticipate the spatial environment in which experimental trials will occur [3].
2.4.1. Talent handling the mice. 0:03-0:27
2.4.2. Talent gently grasping the head-bar implant of the mouse in the cage. 1:50-2:16
2.4.3. Talent introducing the mice to the virtual reality system area. 0:55-1:10

2.5. On the 2nd day, handle the mice again for 5 minutes. Affix the headbar to the holder [1] and allow the mice to familiarize themselves with the spherical treadmill for 5 to 20 minutes, either on an infinitely repeating track or without the software program activated [2].
2.5.1. Talent affixing the head-bar to the holder. 5:30-5:47
2.5.2. Shot of the mouse exploring the spherical treadmill. 4:55-5:11

2.6. On the third day, after handling the mice for 5 minutes, securely attach them to the air-cushioned spherical treadmill [1] and introduce them to liquid rewards through the reward tube [2-TXT]. 6:53-7:10 (for both)
2.6.1. Talent attaching the mouse to the spherical treadmill.
2.6.2. The reward tube is being introduced. TXT: Ensure naïve mice understand they should drink from the lick spout

Positioning and Fixing of the Mice
2.7. Before positioning the mouse, extend the centered reward tube with a small droplet of reward at the tip [1-TXT]. Elevate the reward tube 5 to 15 millimeters above the spherical treadmill so that licking the spout requires a natural forward-facing posture of the head [2]. 5:53-6:03 (for both)
2.7.1. Talent extending the reward tube with a droplet at the tip. TXT: Extend the reward tube before head-fixing the mouse to avoid injury
2.7.2. Close-up of the reward tube elevated 5 to 15 millimeters above the treadmill.

2.8. To head-fix the mouse, place the mouse on the handler’s dominant side of the spherical treadmill [1]. Using the handler’s dominant hand, pull the mouse by its head-bar towards the head-fixing platform [2]. Then, place the head-bar in the slot meant for fixing [3], and using the handler’s non-dominant hand, click the head-bar into place [4].
2.8.1. Talent positioning the mouse on the dominant side of the spherical treadmill. 5:30-5:33
2.8.2. Talent pulling the mouse by its head-bar towards the head-fixing platform. 5:33-5:36
2.8.3. Talent places the head bar in the slot. 5:37-5:46
2.8.4. Close-up of the head-bar being clicked into place using the non-dominant hand. (also at time 5:37-5:46)

2.9. Now, line the midsagittal plane of the mouse with the center of the spherical treadmill [1]. 
2.9.1. Talent aligning the midsagittal plane of the mouse with the center of the spherical treadmill. 6:08-6:29

2.10. Ensure that the mouse's hind paws are no more than 11 centimeters from the apex of the spherical treadmill and that the head is behind the apex [1]. Confirm that all four paws are touching the treadmill and that the abdomen can touch the treadmill when the mouse is at rest [2-TXT]. 6:53-7:10 (for both)
2.10.1. Close-up of the mouse's hind paws positioned no more than 11 centimeters from the apex, with the head behind the apex.
2.10.2. Close-up of the mouse with all four paws touching the treadmill and the abdomen resting on it. TXT: Exclude mice that do not run from the experiment

2.11. Also, ensure that any side preference observed in the mouse is not due to asymmetry in how the animal is mounted on the ball [1].
2.11.1. Talent observing the mouse's position on the spherical treadmill to correct any asymmetry. 7:28-7:57

2.12. To guide the mouse towards the extended lick tube, use the "kiss it" method, where the mouse is gently maneuvered until its mouth almost touches the tip of the spout [1]. When the mice receive rewards, set the duration of the extended reward tube to 1 second [2-TXT]. 
2.12.1. Talent guiding the mouse towards the lick tube using the "kiss it" method. 7:00-7:07
2.12.2. Setting the duration of the extended reward tube to 1 second. TXT: Adjust the lick spout for each mouse and keep the reward tube in the center [N/A]

2.13. Once the mice have acclimated to the experimental paradigm, perform a daily 30-minute session where the mice move along a linear virtual corridor starting with a 1-meter length [1]. Upon reaching the end of the corridor and receiving the sugar droplet reward [2], teleport the mice back to the starting point [3-TXT].
2.13.1. Shot of the mouse moving through a 1-meter virtual corridor. 9:07-15:03
2.13.2. Shot of the mouse at the of the corridor, receiving the sugar droplet reward 9:07-15:03
2.13.3. The mouse is being ported back to the starting point. TXT: Advance mice to the next maze length after 2 days of averaging 2 rewards/min 9:07-15:03

2.14. Document daily recordings of timestamped data concerning reward retrieval and the distance covered by the mice on the spherical treadmill for further analysis [1-TXT].
2.14.1. Display of a computer screen showing timestamped data logs for reward retrieval and distance covered. TXT: Proficient mice: Average 2 rewards/min on the 3 m track 24:15-24:26

Complex Behavioral Tasks Requiring Decision-Making
These come from this video: 7B4F2328-E978-42F2-852E-D377413958B4 copy.MP4
2.15. In the Y-maze paradigm, ensure the mice navigate towards a choice point where two arms extend out at a 45-degree angle in either direction, forming a Y shape [1]. Deactivate rotation from the starting point of the maze until reaching the choice point having two arms of varying colors [2]. Then, activate the rotation within the decision zone to allow the mouse to pivot toward its desired direction [3].
2.15.1. WIDE: Shot of the mouse navigating through the Y-maze 0:38-0:44
2.15.2. Talent deactivating rotation until the mouse reaches the choice point. 0:44-0:45
2.15.3. Talent activating rotation within the decision zone, showing the mouse navigating towards a direction. 0:44-0:45 (same as above)

2.16. Upon entry into the arm leading to the reward zone, deactivate the rotation once again [1]. Use a black arrow for the correct path and a white arrow for the incorrect path. [2].
2.16.1. Display of the Y-Maze with the rotation deactivated as the mouse enters the reward zone. 0:45-0:56
2.16.2. Close-up of the black and white arms of the Y-Maze. [shown in video, otherwise N/A]

2.17. Train the mice to navigate towards the black arm to obtain a sugar reward, with each trial concluding with the mice being teleported back to the starting location [1]. Randomly shuffle the reward location between the left and right sides to ensure that mice associate the reward with visual cues rather than a specific side [2].
2.17.1. Talent conducting a trial where a mouse navigates towards the black arm and receives a sugar reward. 0:57-2:14
2.17.2. Shot of the mouse performing the trial after shuffling the reward location. 0:57-2:14

Representative Results
2.18. The number of rewards acquired by the mice increased progressively with learning across the different track lengths in the VR task [1], with faster speeds observed as track length increased [2].
2.18.1. LAB MEDIA: Figure 4A-B. Video editor: Highlight 4A
2.18.2. LAB MEDIA: Figure 4A-B. Video editor: Highlight 4B

2.19. Mice required more days to reach the criterion for the longer tracks, with a noticeable increase in mean velocity as the track length increased [1].
2.19.1. LAB MEDIA: Figure 4C-D. 

2.20. Y-maze task performance showed increasing reward percentages as the mice progressed through the levels [1].
2.20.1. LAB MEDIA: Figure 5B.
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