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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

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. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  13
Number of Shots:  33

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

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


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

Ethics Title Card
This research has been approved by the Institutional Ethics Committee at SR University



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. EEG Acquisition Setup and Experimental Procedure
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, place the gel electrodes on the prefrontal points Fp1 (F-P-one) and Fp2 (F-P-two) according to the International 10–20 (ten-twenty) system [1]. Position the reference and ground electrodes at the ear lobes [2]. Apply adequate skin pre-treatment and conductive gel to reduce electrode impedance and enhance signal quality [3].
2.1.1. WIDE: Talent positioning gel electrodes on the participant’s forehead at Fp1 and Fp2 locations. Videographer: Please obtain CU shot as well for this shot.
2.1.2.  Close-up of talent attaching reference and ground electrodes to the ear lobes.
2.1.3. Close-up of talent applying conductive gel on the skin.
2.2. Connect the electrodes to the biopotential acquisition module linked to the microcontroller-based system [1]. Digitize the signals at a rate of 128 hertz and transmit them to a computer using a custom-developed Python acquisition script [2].
2.2.1. Talent connecting electrode wires to the acquisition module.
2.2.2. SCREEN: Show the Python script interface running signal acquisition and displaying incoming EEG signals.
2.3. To record the electroencephalogram, or EEG (E-E-G) for relaxation condition, seat the participant in a comfortable low-noise environment and instruct them to remain still with minimal movement [1]. Play calming instrumental audio through earphones [2]. Initiate EEG acquisition by executing the command python collect dot py [3] and record signals for 5 minutes per session for four sessions [4].
2.3.1. WIDE: Participant seated calmly in a quiet environment.
2.3.2. Talent adjusting the earphones on the participant.
2.3.3. SCREEN: Show execution of python collect.py command and initiation of EEG acquisition 
2.3.4. SCREEN: Show live recording of EEG signals.
2.4. To record the EEG for attention condition, instruct the participant to perform attention-demanding tasks such as playing interactive games while maintaining the same acquisition setup [1]. Record EEG signals for 5 minutes per session for four sessions [2].
2.4.1. Participant engaging in an interactive task while wearing electrodes.
2.4.2. SCREEN: EEG acquisition interface showing ongoing recording during the task.
2.5. Organize the recorded dataset into labeled segments of relaxation as 0 (zero) and attention as 1 (one) [1]. Divide each segment into durations of 4 seconds with 50 percent overlap [2].
2.5.1. SCREEN: Display labeled dataset with classes relaxation 0 and attention 1.
2.5.2. SCREEN: Visualization of segmented EEG windows with overlap.

3. Signal Processing, Feature Representation, and Model Implementation
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Apply a 50 hertz notch filter to remove powerline interference [1]. Use a fourth order Butterworth band-pass filter between 0.5 and 30 hertz to retain relevant EEG frequency bands [2].
3.1.1. SCREEN: Signal processing interface applying a notch filter.
3.1.2. SCREEN: Visualization of filtered EEG signal after band-pass filtering.
3.2. Perform amplitude thresholding and visual inspection to identify artifact-contaminated segments [1]. Remove approximately 8 to 12 percent of noisy data [2].
3.2.1. SCREEN: Highlight noisy EEG segments during inspection.
3.2.2. SCREEN: Removal of selected segments from dataset. 
3.3. Apply data augmentation techniques including Gaussian noise addition, time masking, and frequency masking to improve model robustness [1]. To allow the extraction of temporal and spectral characteristics, convert each EEG segment into a time-frequency representation using short-time Fourier transform [2]. Normalize and resize the resulting spectrograms to fixed dimensions [3].
3.3.1. SCREEN: Augmented EEG spectrograms with noise and masking applied.
3.3.2. SCREEN: Spectrogram generation from EEG signal.
3.3.3. SCREEN: Normalized and resized spectrogram images.
3.4. Split the dataset into training 70 percent, validation 10 percent, and testing 20 percent subsets prior to segmentation, to prevent overlap-induced data leakage [1]. Perform leave-one-subject-out, or LOSO (LOH-soh) cross-validation for cross-subject generalization evaluation [2].
3.4.1. SCREEN: Dataset split visualization showing proportions.
3.4.2. SCREEN: Cross-validation setup highlighting one subject as test data.
3.5. Construct the model using a convolutional neural network, or CNN (C-N-N) backbone with two convolutional layers of kernel size 3 by 3 followed by batch normalization and exponential linear unit, or ELU (E-L-U) activation [1]. Integrate a squeeze-and-excitation block to recalibrate channel-wise feature importance [2].
3.5.1. SCREEN: Model architecture diagram showing convolutional layers.
3.5.2. SCREEN: Visualization of squeeze-and-excitation block operations.
3.6. Incorporate a transformer encoder consisting of four layers with four attention heads, a feed-forward dimension of 256, and embedding size of 128 to capture temporal dependencies [1]. Apply adaptive average pooling to reduce feature maps to 16 by 16 fixed size [2].
3.6.1. SCREEN: Transformer encoder structure visualization.
3.6.2. SCREEN: Feature map reduction to fixed size.
3.7. Perform final classification using fully connected layers with dropout regularization and softmax activation to distinguish between attention and relaxation states [1]. Train the model using the AdamW (Adam-W) optimizer with an initial learning rate of 0.001 and weight decay of 1x10-4 [2]. Apply a cosine annealing scheduler to enhance convergence and train for 50 epochs with a batch size of 32 [3].
3.7.1. SCREEN: Show final classification to distinguish between attention and relaxation states. 
3.7.2. SCREEN: Show the training interface displaying optimizer settings.
3.7.3. SCREEN: Show the training progress over epochs with batch updates.
3.8. Use a weighted cross-entropy loss function to address class imbalance during training [1]. Evaluate model performance using accuracy, precision, recall, F1 (F-one)-score, and ROC-AUC (R-O-C-A-U-C) metrics [2]. Implement preprocessing, training, and evaluation pipelines using Python with PyTorch (Pie-Torch) and scientific computing libraries used for signal preprocessing and feature extraction such as NumPy (num-pie), SciPy (sigh-pie), and Matplotlib (Matt-Plot-Lib) [3]. Execute all procedures on a system with an Intel i7 (I-seven) processor and 16 gigabytes random access memory [4].
3.8.1. SCREEN: Loss function configuration.
3.8.2. SCREEN: Performance metrics dashboard with evaluation results.
3.8.3. SCREEN: Code editor showing Python scripts using PyTorch and libraries.
3.8.4. Shot of workstation setup with computing system running experiments.







Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 131.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. The model achieved an overall accuracy of 93.7% [1] and an F1-score of 0.93, confirming that the model maintains high precision and recall even within the class distribution [2].
4.1.1. LAB MEDIA: Table 6. Video Editor: Please emphasize the value 93.7 in the Accuracy % column in the last row. 
4.1.2. LAB MEDIA: Table 6. Video Editor: Please emphasize the value 0.93 in the F1-score column in the last row. 
4.2. The proposed squeeze-and-excitation transformer network, or SET-Net (Set-Net) model achieved a ROC-AUC of 0.98, demonstrating high separability between attention and relaxation states and confirming the model's classification efficacy [1]. 
4.2.1. LAB MEDIA: Table 6. Video Editor: Please emphasize the value 0.98 in the ROC-AUC column in the last row.
4.3. In 220 trials comprising 11 participants, 20 trials each, the system had an average accuracy of 91.8 per cent and a success rate of 89.5 per cent when responding correctly to the commands. The average response time was 1.2 ± 0.3 seconds, which was the time between window acquisition and command output. There was also consistency in the user-wise performance, with an accuracy of between 88.5% and 92.7% across subjects, which is an indication of stable cross-subject behaviour.
4.3.1. LAB MEDIA: Figure 16 (Authors: Could you please supplement the existing image with a figure or table showing precise metrics for accuracy and response time? Adding these quantitative details would be very helpful in showcasing the practical applicability of the SET-Net model for real-time use)
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