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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? 
2.1., 2.2., 2.4., 2.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The most difficult aspect is ensuring the data is reliable – this is achieved by thorough preparation, data cleaning and review
2.2.: Ensure high-quality contact at electrodes
2.5.: Ensure all channels recording effectively
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. Conor Keogh: This protocol is significant, as it allows the investigation of cortical networks by modelling how regions interact with one another to reveal differences not evident with standard analysis techniques [1].

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

1.2. Daniela Tropea: The main advantage of this technique is that it allows us to investigate network functions using widely available equipment to obtain noninvasive electrical recordings without the need for specialized materials [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. Conor Keogh: This technique allows the noninvasive investigation of neuropsychiatric diseases by examining network structures, facilitating the development of novel diagnostic methods and therapeutic biomarkers [1].

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

1.4. Daniela Tropea: This method has a broad range of applications within the clinical neurosciences, particularly as the role of network functions in disease becomes increasingly relevant [1].

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

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving human subjects for the data used in this study have been approved by the Tuscany Ethical Committee for Clinical Experimentation and Health Local Institution Tuscany North West.


Section - Protocol
(Author Comment: I just want to stress that at a certain point of the video recording there was a glitch and we told the operator to cancel that particular take. He put his hands in front of the camera to signal this to the editors. However we need to be absolutely certain that that particular take is cancelled. The scene has been repeated in the correct way.)
(Editor: The authors didn’t remember the shot number. Could you please be on the lookout for this take, and be sure to not use it?)
2. Raw Data Collection
2.1. For data collection, attach the electrode cap to the Patient’s head [1], taking care to ensure a correct alignment [2].
2.1.1. [bookmark: _GoBack]WIDE: Talent placing cap onto Patient’s head Videographer: Important step
2.1.2. Shot of correctly aligned cap Videographer: Important step
2.2. Inject conductive gel into each of the electrode ports, beginning at the scalp [1] and slowly withdrawing to the cap surface to establish electrical contact with the scalp and to improve the signal-to-noise ratio [2].
2.2.1. Talent injecting gel Videographer: Important/difficult step
2.2.2. Gel being injected/gel being withdrawn to surface Videographer: Important/difficult step
2.3. Then use a predetermined electrode montage based on the 10-20 system to the attach the electrodes to the electrode cap [1] and secure the appropriate ground electrodes [2].
2.3.1. Electrode being attached to cap
2.3.2. Ground electrode being attached
2.4. To set up the EEG (E-E-G), connect all of the electrodes to an electrophysiological recording system [1-TXT] and link the recording system with an appropriate digital recording environment [2].
2.4.1. Talent connecting electrode(s) to recording system Videographer: Important step TEXT: EEG: electroencephalogram
2.4.2. Talent linking system with environment Videographer: Important step
2.5. Examine all of the recording channels to ensure that the offset is within an appropriate range and to avoid excessive channel noise [1-TXT].
2.5.1. Talent examining channels Videographer: Important/difficult step TEXT: Add gel to improve electrical connection to reduce offset or noise as necessary
2.6. Conor Keogh: The algorithm will produce results regardless of the data quality, so the recordings should be performed under strict data quality conditions and should be analysed prior to their use [1].

2.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
2.7. Then instruct the Patient that recording has started and to avoid all unnecessary movements [1] before conducting a short test recording to verify the appropriate recording quality [2].
2.7.1. Talent instructing Subject that recording has started/movements should be restricted
2.7.2. Talent starting recording
3. Data Preprocessing
3.1. At the end of the analysis, load the EEG data and any additional script libraries as necessary into a suitable data analysis environment [1].
3.1.1. WIDE: Talent loading data and/or libraries, with monitor visible in frame
3.2. Discard the first and last 5 minutes of each recording to reduce the contamination of any movement artifacts [1] and split the data into epochs based on task or, if it is a resting state recording, predetermined duration [2].
3.2.1. LAB MEDIA: JoVE_1.txt: JoVE Video Editor please emphasize first line of code
3.2.2. LAB MEDIA: JoVE_1.txt: JoVE Video Editor please emphasize second line of code
3.3. To prepare the data, correct the baseline of the recordings by subtracting the mean of all of the channels from the recordings to avoid the impact of any baseline wandering during prolonged recordings [1].
3.3.1. LAB MEDIA: JoVE_2.txt: JoVE Video Editor please emphasize first 5 lines of code
3.4. Re-reference all of the channels to an appropriate reference [1].
3.4.1. LAB MEDIA: JoVE_2.txt: JoVE Video Editor please emphasize last 5 lines of code
3.5. Then digitally filter all of the channels to isolate the frequencies of interest [1].
3.5.1. LAB MEDIA: JoVE_3.txt
4. Feature Extraction
4.1. To calculate the overall power spectra of the data, perform a Fourier transform of each channel being analyzed across the whole frequency range to be assessed [1].
4.1.1. WIDE: Talent performing Fourier transform, with monitor visible in frame
4.2. To assess the activity in individual frequency bands, isolate the theta band at 4-8 hertz [1], the alpha band at 8-12 hertz [2], the beta band at 12-30 hertz [3], the delta band at 0.5-4 hertz [4], and the gamma band at greater than 30 hertz [5].
4.2.1. LAB MEDIA: JoVE_4.txt: JoVE Video Editor please emphasize lines 7 and 8
4.2.2. LAB MEDIA: JoVE_4.txt: JoVE Video Editor please emphasize lines 9 and 10
4.2.3. LAB MEDIA: JoVE_4.txt: JoVE Video Editor please emphasize lines 11 and 12
4.2.4. LAB MEDIA: JoVE_4.txt: JoVE Video Editor please emphasize lines 13 and 14
4.2.5. LAB MEDIA: JoVE_4.txt: JoVE Video Editor please emphasize lines 15 and 16
4.3. To evaluate the interactions between the first electrode pair, derive a measure of interelectrode coherence [1-TXT].
4.3.1. LAB MEDIA: JoVE_5.txt: JoVE Video Editor please emphasize line 7 TEXT: Repeat for each unique electrode pair 
5. Data Visualization
5.1. To assess the coherence, map the measurements of the interelectrode coherence to be visualized onto a two-dimensional data structure [1] where each column is an electrode location [2], each row is an electrode location [3], and each cell is the coherence between the corresponding electrode pair [4], and map the coherence values to between 0 and 1 colors [5].
5.1.1. WIDE: Talent at computer, mapping coherences, with monitor visible in frame
5.1.2. LAB MEDIA: Figure 2: JoVE Video Editor please outline columns and/or emphasize column titles
5.1.3. LAB MEDIA: Figure 2: JoVE Video Editor please outline rows and/or emphasize row names
5.1.4. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize individual cells (e.g., maybe one of each different color)
5.1.5. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize figure key
5.2. Then export a color map visualizing the interelectrode coherence between each electrode pair within the frequency limits used [1-TXT].
5.2.1. LAB MEDIA: Figure 3 TEXT: See supplemental produce_plots.r to repeat procedure for each investigate frequency band 
5.3. To visualize higher-order interactions between cortical areas and to map out network dynamics [1], calculate how each electrode pair coherence measure covaries with those of every other unique electrode pair across the overall spectrum and within specific bands [2].
5.3.1. Talent at computer, performing calculation, with monitor visible in frame
5.3.2. LAB MEDIA: JoVE_6.txt: JoVE Video Editor please sequentially add text from top to bottom OR other appropriate/no animation
5.4. Then map these covariance measures to colors and export a color map visualizing the network dynamics within and across-frequency bands [1]. 
5.4.1. LAB MEDIA: Figure 4
6. Network Model Analysis 
6.1. To perform a dimensionality reduction, derive measures for comparison between the groups that represent the overall network dynamics [1] within the statistical models generated using the principal component analysis [2].
6.1.1. WIDE: Talent at computer, deriving comparisons, with monitor visible in frame
6.1.2. LAB MEDIA: JoVE_7.txt: JoVE Video Editor please emphasize lines 1-4
6.2. Construct a covariance matrix for the pairwise coherence measures to allow visualization of the high-level network relationships [1] and decompose the covariance matrix into eigenvectors and corresponding eigenvalues to allow identification of the axes within the model feature space that contain the greatest variance without being bounded by the existing measures [2].
6.2.1. LAB MEDIA: JoVE_7.txt: JoVE Video Editor please emphasize lines 5-7
6.2.2. LAB MEDIA: JoVE_7.txt: JoVE Video Editor please emphasize line 8
6.3. Rank the eigenvectors by their corresponding eigenvalues to identify those accounting for the greatest proportion of variance within the model [1].
6.3.1. LAB MEDIA: JoVE_7.txt: JoVE Video Editor please emphasize lines 9-10
6.4. Then compare the first principal components derived from the network models [1].
6.4.1. LAB MEDIA: JoVE_7.txt: JoVE Video Editor please emphasize lines 11-13
6.5. To select a functional region of interest, isolate the coherence data within the frequency bands of interest [1] and perform a principal component analysis to derive measures of overall network activity within the bands of interest [2].
6.5.1. LAB MEDIA: JoVE_8.txt: JoVE Video Editor please emphasize lines 4-7
6.5.2. LAB MEDIA: JoVE_8.txt: JoVE Video Editor please emphasize lines 8-14
6.6. Then compare the measures between the groups to evaluate the network differences at specific oscillatory frequencies [1].
6.6.1. LAB MEDIA: JoVE_8.txt: JoVE Video Editor please emphasize 15-17
6.7. To perform unsupervised learning, using a distance metric such as Euclidean distance, compute the measures of distance between subjects within the space defined by the network model [1].
6.7.1. LAB MEDIA: JoVE_7.txt: JoVE Video Editor please emphasize lines 5-7
6.8. Then use a clustering algorithm, such as k-nearest neighbors, to identify the groups within the data based on the model parameters [1].
6.8.1. LAB MEDIA: Figure 5



Section – Results
7. Results: Representative Statistical Cortical Connectivity Model 

7.1. The spectral power can be visualized interpolated across the scalp, allowing a limited estimation of the “source” of activity [1].

7.1.1. LAB MEDIA: Figure 2: Video Editor: Emphasize pink and red blocks in graph

7.2. Each of the interelectrode electrode measure indicates the extent to which the activity in one area changes depending on the activity in another area [1], allowing for differences in the direction of the interaction and time lag [2].

7.2.1. LAB MEDIA: Figure 3: Video Editor: Emphasize Figure key 0.2-0.6 bar
7.2.2. LAB MEDIA: Figure 3: Video Editor: Emphasize 0.2 end of Coherence 
7.2.3. LAB MEDIA: Figure 3

7.3. Higher values of interelectrode coherence suggest interactions between areas, from which it is apparent that the recorded areas are communicating with each other [1].

7.3.1. LAB MEDIA: Figure 3: Video Editor: Emphasize dark red blocks

7.4. By measuring the interactions between every unique electrode pair, a statistical map of how the recorded channels are interacting can be constructed [1], allowing investigation of how the areas are communicating, rather than focusing on individual areas in isolation [2].

7.4.1. LAB MEDIA: Figure 3: Video Editor: Outline/emphasize checkerboard/graph/map
7.4.2. LAB MEDIA: Figure 3

7.5. The visualization of higher-order network dynamics facilitates the recognition of the kinds of interactions being compared by a principal component analysis [1], or a classifier-based technique, to evaluate how the coherence measures at one electrode pair relate to changes in coherence at another pair [2]. 

7.5.1. LAB MEDIA: Figure 4
7.5.2. LAB MEDIA: Figure 4: Video Editor: Sequentially emphasize left column of maps then right column of maps

7.6. For example, here differences evident in the network mapping between two subjects with different clinical phenotypes of a neuropsychiatric disorder affecting cortical function [1], where there were no statistically significant differences using standard analysis methods, can be visualized [2].

7.6.1. LAB MEDIA: Figure 4: Video Editor: Emphasize magnified maps for each Group



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Conor Keogh: Following the derivation of network measures using this procedure, machine learning techniques can be employed to leverage the data-rich models produced to allow more sophisticated diagnostic and prognostic analyses [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Author Name: This technique has allowed the investigation of disease subtypes in Rett Syndrome, a paediatric neuropsychiatric disease, as well as the prediction of responses to novel treatments and epilepsy status [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Editor: The authors didn’t list who’d delivered this statement)
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