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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
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up. The screen should be in focus and the fonts/traces should be clearly visible

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

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Yes


Current Protocol Length
Number of Steps:  18
Number of Shots:  45 (15 SC) 

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 


Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
We have chosen the best 5 answers.

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Felix Bernhard: We investigate how different taVNS frequencies modulate brain networks in individuals with major depressive disorder.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Felix Bernhard: Existing taVNS studies use heterogeneous stimulation frequencies; our protocol enables systematic within-subject frequency comparison.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Felix Bernhard This protocol measures frequency-specific brain network responses to taVNS using concurrent fNIRS recordings.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the most important consideration or challenge when performing this protocol.
1.4. Felix Bernhard: Reliable stimulation calibration and rigorous fNIRS quality control are critical for meaningful network analysis.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Felix Bernhard: Future studies can evaluate whether network-based frequency selection improves long-term clinical and neurophysiological outcomes.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Videographer: Obtain headshots for all authors available at the filming location.



`Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.


What problem in your field of research does your JoVE article address?
1.6. Felix Bernhard, Principal Investigator, University of Marburg: (authors will present their testimonial statements live)
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

What value do you expect this video article to have for other researchers working in your field?
1.7. Felix Bernhard, Principal Investigator, University of Marburg: (authors will present their testimonial statements live)
1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera




[bookmark: _Hlk201651599]Authors: Could you please also deliver the above statements in German?
Videographer: Please film the testimonials in both English and German.



Ethics Title Card

This research has been approved by the Human Research Ethics Committee of Philipps University Marburg

Authors: We need to keep the ethics statement same as that in the manuscript.


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Participant Screening and Experimental Setup
Demonstrator: Felix Bernhard 

2.1. To begin, recruit adult participants into major depressive disorder and healthy control groups. Explain the procedure to them [1]. Administer the clinical assessment questionnaires during participant screening and record the total score for each questionnaire [2-TXT].
2.1.1. WIDE: Talent explaining the procedure to the participant with some gesturing. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent handing over the questionnaire notepad to the participant and participant writing the responses. TXT: Hamilton Depression Rating Scale (HAMD-24); Beck Depression Inventory–II (BDI-II)

2.2. Seat the participant in a quiet, dimly lit room [1]. Position a monitor with a fixation cross approximately 1 meter in front of the participant [2]. Instruct the participant to remain awake and to fixate on the cross throughout all recordings [3].
2.2.1. Talent seating the participant in a quiet, dimly lit room.
2.2.2. Talent positioning the monitor with a fixation cross approximately 1 meter in front of the participant.
2.2.3. Talent instructing the participant to remain awake and fixate on the cross by pointing to it.



3. taVNS Preparation and Configuration
3.1. Prepare a transcutaneous auricular vagus nerve stimulation or taVNS device with a titanium-iridium stimulation electrode [1]. Place the electrode on the left cymba conchae of the ear [2]. Adjust the electrode to ensure stability and adequate skin contact [3].
3.1.1. Talent preparing the taVNS device with the titanium–iridium stimulation electrode.
3.1.2. Talent placing the electrode on the left cymba conchae of the ear.
3.1.3. Talent adjusting the electrode to ensure stability and adequate skin contact.

 
3.2. For the sham configuration, adjust the device settings to not deliver any electrical current [1]. 
3.2.1. SCREEN: Configuring the device to deliver no electrical current for the sham condition or setting the current parameter to 0.


3.3. For current amplitude calibration, set the pulse width to 300 microseconds [1]. Enable continuous stimulation without duty cycling [2]. Gradually increase the stimulation current [3].
3.3.1. [bookmark: _Hlk204179977]SCREEN: the pulse width setting being set to 300 microseconds. Videographer: Please record the computer screen for the shots labeled as SCREEN as back up. The screen should be in focus and the fonts should be clearly visible
3.3.2. SCREEN: continuous stimulation being enabled without duty cycling.
3.3.3. SCREEN: Inputting settings for gradual increase in the stimulation current.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338][bookmark: _Hlk162020892][bookmark: _Hlk203166143]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible:  https://review.jove.com/account/file-uploader?src=21391528 

Please let me know if any of the talent shots have to be changed to SCREEN and vice versa


3.4. Calibrate the stimulation current separately for each frequency of 2, 10, 25, and 40 hertz [1]. Record the final selected current amplitude for each frequency, and repeat the calibration procedure before each frequency block [2]. Insert a 2-minute inter-condition interval without stimulation between consecutive blocks [3]. Configure the settings to apply taVNS once per condition within the session [4].
3.4.1. Talent adjusting the settings for next calibration.
3.4.2. Talent recording the final current amplitude selected for each frequency in a book or on the computer.
3.4.3. SCREEN: Setting the 2-minute inter-condition interval without stimulation. 
3.4.4. SCREEN: Configuring the taVNS settings and then showing the complete panel of settings.





4. Sham Conditions and taVNS Stimulation Procedure

4.1. Instruct the participant again to fixate on a centrally presented fixation cross during all resting-state recordings and inform them that a response is not required during stimulation or resting-state periods [1].
4.1.1. Talent instructing the participant to fixate on the centrally presented fixation cross by gesturing and signaling not to give any response.


4.2. Begin the stimulation block procedure and conduct the experiment in a single session [1]. 
4.2.1. Talent starting the single experimental session.

4.3. After the initial resting-state baseline and the 2-minute inter-condition interval [1], apply the sham condition for 6 minutes [2]. Inform the participant that stimulation is being applied [3]. Match all tactile, visual, and auditory cues to active stimulation conditions [4].
4.3.1. SCREEN: recording during the resting state.
4.3.2. SCREEN: show the acquisition data during the sham condition.
4.3.3. Talent informing the participant that stimulation is being applied.
4.3.4. Talent giving some visual and auditory cues to the participant. 

4.4. Perform perceptual checks between blocks to ensure that sham and active conditions remain indistinguishable to the participant [1]. Then, apply the four active stimulation frequencies of 2, 10, 25, and 40 hertz for 6 minutes each according to the single-blind randomization sequence [2-TXT].

4.4.1. Talent questioning the participant and reviewing the data on the monitor.
4.4.2. SCREEN: applying the active stimulation frequencies according to the single-blind randomization sequence. TXT: Avoid extended washout periods 


4.5. Monitor stimulation delivery and electrode contact continuously during each block [1].
4.5.1. Talent looking at the monitor and pointing to the electrode contact during a block.

4.6. Stop the increase at the highest tolerable level without pain. Target a subjective intensity of 7 to 8 on a 10-point visual analog scale [1].
4.6.1. Talent stopping the stimulation current increase after the participant gestures pain.


5. fNIRS System Setup 
Demonstrator: Svenja Francke 
5.1. Prepare two synchronized functional near-infrared spectroscopy or fNIRS systems [1]. Ensure that each system is equipped with 16 light sources and 16 detectors [2]. Use an optical layout planning tool to define the optode montage for default mode network regions based on a standardized anatomical atlas [3-TXT].	Comment by Poornima  G: Authors: How would you pronounce this?

5.1.1. Talent preparing two synchronized fNIRS systems.
5.1.2. Talent pointing to the 16 light sources and 16 detectors.
5.1.3. SCREEN: the optode montage being defined in the optical layout planning tool. TXT: fNIRS Optodes' Location Decider (fOLD) toolbox

5.2. Position optodes to cover the bilateral precuneus and posterior cingulate cortex, medial prefrontal cortex, bilateral angular gyri, and medial temporal regions [1]. Configure long-separation channels using a 3-centimeter source-detector distance [2]. Add short-separation channels of approximately 8 millimeters for extracerebral signal regression [3].

5.2.1. Talent positioning optodes to cover the specified cortical regions.
5.2.2. Talent configuring long-separation channels with a 3-centimeter source–detector distance.
5.2.3. Talent adding short-separation channels for extracerebral signal regression.


5.3. Set the parameters to acquire dual-wavelength optical signals at 760 nanometers and 850 nanometers [1]. Set the sampling frequency to 5.1 hertz [2] and synchronize the two fNIRS systems before each recording run [3].

5.3.1. SCREEN: adjusting settings to acquire dual-wavelength optical signals at 760 nanometers and 850 nanometers.
5.3.2. SCREEN: the sampling frequency being set to 5.1 hertz.
5.3.3. SCREEN: synchronizing the two fNIRS systems before a recording run.

6. fNIRS Data Acquisition


6.1. Begin acquiring the fNIRS data continuously throughout the session [1]. Record an initial resting-state baseline for 6 minutes without stimulation [2].

6.1.1. Talent starting the fNIRS data acquisition and data appearing on the monitor.
6.1.2. SCREEN: Show the initial resting-state baseline without stimulation.


6.2. During the experimental blocks, use the control software synchronized with the fNIRS acquisition system to manage block timing and randomization [1 and 2]. Continue fNIRS acquisition throughout the sham condition, active stimulation blocks, and all inter-condition intervals [3].

6.2.1. SCREEN: Show block timing and randomization settings.
6.2.2. LAB MEDIA: Figure 1A Video editor: Please show 6.2.1 and 6.2.2 using split screen. Can split horizontally if that fits better. Please highlight the 4 orange stimulation boxes
6.2.3. SCREEN: fNIRS live traces during the experimental blocks.


6.3. After the final stimulation block, record a post-stimulation resting state for 6 minutes without stimulation [1].

6.3.1. SCREEN: recording the post-stimulation resting state without stimulation.
6.3.2. 

Results

7. Results 

7.1. After preprocessing and network analysis of the fNIRS recordings, condition-dependent variations in default mode network organization were observed relative [1] to the healthy control reference template [2] across stimulation conditions in a representative participant with major depressive disorder [3].

7.1.1. LAB MEDIA: Figure 5A. Video editor: Highlight the 6 connectivity maps labeled D11: RSO0, D11 Sham, D11 2HZ, D11 10HZ, D11 25 HZ, D11 40HZ that are present at the outer circle of the grid.
7.1.2. LAB MEDIA: Figure 5A. Video editor: Highlight the HC template map.
7.1.3. LAB MEDIA: Figure 5A. Video editor: Highlight the 6 connectivity maps labeled D11: RSO0, D11 Sham, D11 2HZ, D11 10HZ, D11 25 HZ, D11 40HZ that are present at the outer circle of the grid.

7.2. Distance measures quantified differences between each condition and the healthy control template across connectivity [1], eigenvalue [2], eigenvector [3], and average controllability metrics [4].

7.2.1. LAB MEDIA: Figure 5B. Video editor: Show the connectivity distance graph.
7.2.2. LAB MEDIA: Figure 5B. Video editor: show the eigenvalue graph
7.2.3. LAB MEDIA: Figure 5B. Video editor: show the Eigenvector Distance graph
7.2.4. LAB MEDIA: Figure 5B. Video editor: show the Average Controllability Distance graph

7.3. Conditions were ranked according to their proximity to the healthy control template, with lower distance values indicating closer similarity [1].

7.3.1. LAB MEDIA: Figure 5B. Video editor: Highlight the rank labels displayed above the bars.

7.4. The ranking of conditions differed across the distance metrics, indicating that each metric captured complementary aspects of the network representation [1].

7.4.1. LAB MEDIA: Figure 5B. Video editor: highlight the “rank: 1” labeled bars in different panels.

7.5. Ranks from the 4 metrics were aggregated within each participant to obtain a consensus ranking across stimulation conditions [1]. The condition with the lowest total rank was selected as the representative stimulation frequency for the participant [2].

7.5.1. LAB MEDIA: Figure 5C. 
7.5.2. LAB MEDIA: Figure 5C. Video editor: Highlight the bar enclosed by the red box and labeled as F opt.


[bookmark: _Hlk215154137][bookmark: _Hlk215844323]NOTE to the Authors:

You have two options for filming and submitting the SCREEN footage:

Option 1: Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.
- Please do not provide longer clips as we won’t be able to use them.



Option 2: Uploading a Single Continuous Video

If you prefer to record all steps together and upload a single video file, that is acceptable. In this case, you must write the precise timestamp for each shot within the script.

For example, if the action described in shot 2.13.1 is present in the file xxx.mp4 and occurs between timestamps 00:30 and 00:45 , then write the following in the script after each shot description or as a comment bubble.
(write the file name and timestamp after each shot): [File name] [Start Time]-[End Time]
 

- Example 	2.13.1  SCREEN: performing ...........action. xxx.mp4 00:30-00:45
2.13.2, SCREEN: cutting the…..........action. xxx.mp4 01:10-01:20

- The duration between the start and end times for each shot must be limited to 20 to 25 seconds.

- If a shot is longer than 25 seconds, choose two short segments (one at the beginning and one at the end) that collectively do not exceed 25 seconds.
- Example: 3.1.1 SCREEN: inserting a needle... xxx.mp4 00:00-00:10 and 02:30-02:40
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