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Responses to Reviewers and Editor

We would like to thank both Reviewers and the Editor for their precious feedback about our submitted article. We have reworked our manuscript to incorporate all the required modifications, and below, we provide point-by-point answers to their different points.

Editor

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.

We have performed an extensive proofreading of the article, to ensure that there were no left grammatical or spelling mistakes.

2. Figure 1: Please include a space between the number and the unit: 348 s instead of 348s, etc.

Figure 1 has been modified to add a space wherever required between numbers and associated units: namely, '348s' was changed into '348 s', '5.8min' into '5.8 min', '292s' into '292 s', and '4.9min' into '4.9 min'.

3. Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file.

According to the Editor's suggestion, we have improved the table of essential supplies: on top of verifying the proper layout of the final file, we ensured that all required columns were properly filled in. For the described materials, a catalog number was not available; instead, we filled the entry with a link for downloading the related software, or towards the description of the product on its dedicated website.

4. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee.

A sentence has now been added before numbered protocol steps, to specify that presented steps comply with the local ethics committee rules:

"The following protocol has been approved by the local ethics committee (Biomedical Inserm 365 protocol C08-39)."

To avoid redundancy, we also removed the related sentence initially present at the start of the Representative Results section.

5. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action.

In accordance with the Editor's suggestion, we have thoroughly screened the article to ensure that every methodological step was properly described, and added details wherever required. Our additions can be read in red font throughout the updated manuscript document.

6. 2.5: How is structural imaging done?

To clarify Section 2 from the Protocol and thus answer the Editor's request, we modified it to merge information about structural/functional imaging parameters (previously given in Sections 2.1 and 2.2) within the experimental step sub points per se (previously Sections 2.3 to 2.5). The newer section version is, we hope, more homogeneous and clearer for someone wishing to replicate our protocol.

7. Please specify the computational parameters (specific values) used in the protocol. It is best to film a specific example instead of a generalized one.

We thank the Editor for his valuable comment. Accordingly, we now explicitly specify the parameters used in our Representative Results section within the protocol itself, in dedicated protocol notes outlying the values used in our analyses. To maximize the clarity of the provided explanations, we also kept the further description of those parameters present in the Representative Results section.

8. Some of the highlighted steps cannot be filmed. These are abstract decision making steps such as Step 1.2 and calculations.

We thank the Editor for his comment. We have reviewed all the steps highlighted for being filmed in the previous manuscript version, and made sure to solely keep the ones that can indeed be filmed. This led to the removal of the abstract decision steps (Section 1.2). Calculations were not included in any step to record.

9. If step 2.3 is to be filmed, steps 2.1-2.2 should be as well.

We agree with the Editor that in the previous manuscript version, Sections 2.1 and 2.2 should have been selected for being filmed alongside Section 2.3. In the reworked content, those different steps have been merged together and are now collectively picked for being filmed.

10. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”

We thank the Editor for reminding us about the need to obtain explicit copyright permission to reuse previous publication figures. We verified that the content from our previous publication from which part of the present figure content is borrowed, can be reused without further permission steps, as per the Creative Commons Attribution License:

"This article is available under the terms of the Creative Commons Attribution License (CC BY) (which may be updated from time to time) and permits use, distribution and reproduction in any medium, provided that the Contribution is properly cited."
 
Thus, we have simply stuck with citing the Figure in the appropriate legends.






Reviewer 1

Manuscript Summary:

This manuscript describes a useful analysis pipeline, which will likely become more used after this well-written tutorial

We thank the Reviewer for his positive comments about our manuscript.

Major Concerns:

Not sure if I can call this a concern, but if I think about a "video of an experiment" I am not sure that I would think about a tutorial on a pipeline. In particular I don't know to which extent a video describing this tutorial would be more explanatory than the tutorial itself. All of this hypotetically because I was not requested to review a video, but just the protocol, which I also find confusing, but that's not your fault.

We understand the point made by the Reviewer. When submitting the present manuscript, two parallel lines of thought strengthened our confidence about the relevance of a video tutorial:

1. Such approaches have been previously used, quite successfully, in publically available content about various neuroimaging software (see for example https://www.youtube.com/watch?v=6Xn6NC6ifUY for introductory material about how to correctly use SPM, or https://www.youtube.com/playlist?list=PLIQIswOrUH6_DWy5mJlSfj6AWY0y9iUce for a series of videos on how to use the Freesurfer software). We reasoned that a video-based support on how to deploy our computational pipeline might, similarly, ease the understanding of its different steps.

2. Our pipeline is particularly suited to a video format, since it enables to extract specific moments of a dynamic paradigm where there is a significant change in cross-subject brain synchronization. On top of the protocol details provided in written, and the guided tutorial on how to apply the pipeline, we also thought about incorporating some extracts of the analyzed movie in the video resource, alongside the associated triggered whole-brain connectivity changes. We will be working towards this goal during the recording stage of the publication process.

Also, in the experiment you describe also the ethics committee procedure, and the data acquisition. Of course these are fundamental steps for the experiments, but what you plan to describe in the video is the analysis right? Or will we see a video of you writing an ethical protocol application or potting people in the scan? It would be better to separate the preliminary steps as data acquisition (since the analysis can be run on data acquired by a third party and shared), and the analysis pipeline.

The Reviewer makes a very relevant remark, which was also raised by the Editor. According to the JoVE article submission rules, all steps required towards the achievement of the analysis, including the ethics and acquisition steps, must be present within the written version of the protocol. However, only the steps that have been underlined in yellow within the text will be taken into consideration at the video recording stage.
In other words, we do not plan on being recorded while writing an ethical protocol application, hence why this particular protocol step is not part of the underlined material. Our thought is to display (1) a guided tutorial on how to apply our computational pipeline, and (2) actual results obtained from the analyzed movie (i.e., movie extracts and associated elicited whole-brain changes). 

Short TR: is it feasible to limit the scan to a certain brain region in order to minimize the TR? Also, is the protocol still valid for multiband acquisition?

We thank the Reviewer for his/her valuable question. It is indeed feasible to limit the scanning to a more localized brain region, either to minimize the TR of the experiment, or to focus on a given brain sub-structure with greater spatial accuracy. We have added this information as a protocol note in Section 2.A:

"Note: The protocol can also be applied with a more restricted field of view (e.g., for analyses restricted to a specific brain sub-structure), which would enable either a better temporal resolution (lower TR), or a spatially more precise analysis."

Scrubbing: what happens if you scrub some time points from a subject and not from others? This issue could be better clarified.

We thank the Reviewer for raising a very relevant point: going back through the protocol details, we realized that we indeed did not provide sufficiently clear explanations about the scrubbing step.

As has now been added in Section 4.C.VII as a dedicated note, cubic spline interpolation was applied to the scrubbed data volumes in order to replace them with estimated values, using neighboring data points. Thus, we conserve a similar amount of data for all subjects. The added part reads:

"Note: Cubic spline interpolation is performed on the scrubbed data points to replace them with estimated values from neighboring samples."

As specified in the Representative Results section (third paragraph), we selected a threshold of 10 % of scrubbed frames: above that value (a very conservative choice with regard to the fMRI literature), we discarded the whole session rather than including it in our analyses, because we judged that then, the interpolation process may not be sufficiently stable (for instance, if too many data points are scrubbed next to each other). 

In our example results, we visually checked that preprocessed time courses following the scrubbing step did not contain any salient artifacts, which is enabled by the display of the second pipeline Graphical User Interface (see the atlased time courses displayed in Supplementary Figure 2). We added a sentence to Section 4.C.IX to encourage the users to go through the same visual inspection process:

"Verify, by visual inspection, that following the selected preprocessing steps, those output signals do not incorporate salient artifactual components."

Additionally, we remark that we also mention the motion correction issue in the Discussion (fourth paragraph): on top of suggesting possible additional cleaning tools for cases in which motion is particularly problematic (typically, some diseased populations), we now added a mention of the importance to also include motion parameters as covariates in any statistical analysis:

"[...] we recommend that on top of including motion variables as covariates in the performed statistical analyses, additional preprocessing steps be run [...]"

We hope that those changes and additions will be judged sufficient by the Reviewer to make the reader aware of the motion problematic in fMRI analysis. 





Reviewer 2

Manuscript Summary:

The authors describe a method to analyze brain functional connectivity responses to naturalistic data, in this case a movie, in a time-varying fashion incorporating cross-subject synchronization of connectivity to specific events during the movie. The method seems sensible and is in general explained well in the manuscript.

We thank the Reviewer for his/her positive assessment of our work.

Major Concerns:

I found it difficult to understand how the bootstrapping procedure works and what role the rest acquisition(s) play in this. As far as I know, to assess whether meaningful (or true) non-stationarity of connectivity occurs is to test this against a null-distribution of windowed connectivity derived from e.g. phase-shifted time series. Why would one not do this here as well, and why would one need rest data to assess the validity of connectivity dynamics during a movie? 

We thank the Reviewer for raising an issue that we find was indeed not properly discussed in the previous manuscript version. First, we want to emphasize that the bootstrapping procedure (which enables to lower the possible impact of outliers in the computations of ISFC), and the use of resting-state data as a null distribution (which enables, at a later analytical stage, to threshold the ISFC time courses and retain only statistically significant excursions), are two separate computational aspects. We answer the latter concern here, and come back to the bootstrapping aspect in a later answer to the Reviewer's comments.

The Reviewer is right that a typical way to test for the presence of non-stationarity in fMRI data is to generate null time courses through phase randomization procedures, and compare the actual data to those surrogates.

In principle, nothing prevents the application of that approach to the movie time courses studied here: an obvious advantage would then be the lower scanning duration, since purely resting-state sessions would then not be required anymore.

However, in our work, we opted for the resting-state approach given that (1) we had this data to our disposal, so why not use it, and (2) we judged it a cleaner approach to the generation of surrogate data.

Regarding this second point, we reasoned that in phase-randomized data, although second-order information is kept, higher-order features from the data are not. Perhaps those actually are important to the proper characterization of fMRI data, and still lie in purely intrinsic (not movie-driven) functional activity as well. The efficacy of analytical approaches such as Independent Component Analysis lends further support to that hypothesis.

In order to more thoroughly investigate the difference between the resting-state and the phase-randomization null generation approaches, we applied both to a subset of our data (the 12 combined movie/resting-state sessions shared within the scope of this work) with similar analytical parameters (framewise displacement threshold of 0.5 mm, window size W = 10 TR, step size 1 TR, 250 bootstrapping folds, 6 session segments in the reference group, α-level = 0.05 %), and compared the connections that were extracted as showing significant ISFC changes across the two cases. The results are presented in the newly added Supplementary Figure 5: when representing the percentage of time points detected as showing a significant excursion, the same overall pattern across connections can be observed when the phase-randomized (red plots) or resting-state (blue plots) data are used for null generation. However, the percentage of detected time points showing a significant ISFC change is consistently larger in the phase-randomization case, which demonstrates that in accordance with our expectations, this particular null hypothesis is not as strong, and may be prone to a larger detection of false positives.

We have appended a brief mention of those results in our Discussion (second paragraph), when referring to the importance of properly tailored significance assessment methods in dynamic functional connectivity approaches, and added Supplementary Figure 5 to our submitted material:

"As an alternative approach to avoid the additional resting-state recordings, we also offer the possibility to generate phase-randomized data directly from the stimulus-related time courses, an approach often used in dynamic functional connectivity analyses23,24. Further evaluation on a subset of sessions revealed that although the resting-state null method is more conservative, and thus less prone to false positives, the global patterns of ISFC excursion detection were similar across both schemes (see Supplementary Figure 5).

[image: ][Place Supplementary Figure 5 here]"
Supplementary Figure 5: Detection of ISFC excursions across null data generation methods. For resting-state (left column, blue plots) or phase-randomization (right column, red plots) null data generation methods, percentage of ISFC excursions extracted across connections. The bottom plots are an inset on the connections emanating from the first three considered brain regions. Error represents standard deviation across subjects.

Since we understand that recording time may sometimes be more valuable than the gain in accuracy of the exact used null data generation scheme, we have also implemented the alternative phase-randomization strategy into our pipeline, and mentioned in Section 2.B of the protocol that it may be an alternative to the recording of resting-state data:

"Note: If it is not desired to go through the aforementioned additional resting-state acquisition, an alternative (albeit more prone to the detection of false positives; see Discussion) computational option in the pipeline replaces this data by surrogate time courses computed from the paradigm-related signals (see step 5.A.II)."

Specifically, rest data do not necessarily constitute "appropriate null data". As the authors mention, there could be spillover effects of previous tasks on the rest period. The authors provide a further note at 2.4 that "Separate stimulus-related and resting-state acquisitions prevent otherwise possible interplays between the conditions". It is therefore surprising that both the rest scan directly following the movie and the separate rest scan were not made before the movie paradigm instead.

The Reviewer is absolutely right that resting-state data acquired shortly after the movie paradigm do not necessarily constitute appropriate null data given possible spillover effects, as we ourselves already mention in Section 2.B of the protocol.

In our analyses, we included both those possibly "corrupted" resting-state, and purely resting-state recordings, to the set of considered data, because our amount of available null data would otherwise not have enabled us to threshold movie-watching time courses at a sufficiently stringent statistical level. Actually, an α-value of 0.01 % as used in our presented results is already quite less stringent than what would be required according to Bonferroni correction, and could be achieved thanks to the combined pool of resting-state data; we get back in more details to the mathematical side of the thresholding process in answering a later question from the Reviewer (see Minor Concerns).

We reasoned that if anything, possible spillover effects, on top of being partly "diluted" by the parallel presence of purely resting-state recordings, would prevent the detection of some movie-responsive connections, rather than driving the erroneous detection of false positives.

We have now added, in the Representative Results section (second paragraph), a specification that separate resting-state acquisitions were strongly encouraged, and that our actual choice of mixing the use of post-movie and purely resting-state data for null distribution generation was due to the requirement for a larger amount of data points:

"Importantly, our acquisition protocol was not optimal in the sense that resting-state recordings acquired just after movie exposure may be partly corrupted by spillover effects; we make use of this data in the present findings to have a satisfying amount of samples for statistical thresholding, but this should be avoided whenever possible."

Did I understand correctly that the different rest data (i.e., twice directly after the movie, and once after the two movie/rest runs) were aggregated? How is this done exactly, and why would this be the best reference material and not just the rest scan after the two movie runs?

Yes, the Reviewer correctly understood that all available resting-state data were aggregated together. As explained above, the main reason for this aggregation as compared to solely resorting to "pure resting-state" data is the otherwise too low amount of data points in the null distribution for thresholding (see Minor Concerns below for more details on the mathematical explanation).

Under 5.1.4, what is meant with "session"? Does this refer to the movie and rest (parts of the) scans?

A session refers to either a combined movie/rest scan (referred to as RUN1 or RUN2 in Figure 1), or a purely rest scan (referred to as RUN3). We have clarified this point in a dedicated protocol note (Section 5.A.IV):

[bookmark: _GoBack]"Note: A session in the present work may refer either to a combined movie/resting-state recording (termed RUN1 and RUN2 in Figure 1A), or to a purely resting-state recording (RUN3). A session segment refers to a sub-portion of a session recording, either when the movie was watched, or when the subjects lied at rest."

In addition, we modified Section 5 to avoid a misuse of the "session" terminology: throughout several protocol sub-points, the user is required to work with a specific segment of a recording session (for example, only the time interval when the movie was being watched). This has also been explicitly clarified in the above note, and whenever referring to those sub-portions of a session, we now use the "session segment" terminology.

And under 5.A.VII, does "reference group" refer to the rest periods from all subjects, and session subtypes to the different types of rest acquisitions?

In Section 5.A.VII, "reference group" refers to a subset of session segments that act as the point of comparison to which data from session segment s is compared. For example, if considering the movie-watching session segments (by appropriately selecting this temporal interval in Section 5.A.VI), the data for session segment s (the sth movie-watching recording) will be compared to a set of other session segments randomly selected from the dataset (that is, to the movie-driven functional activations from other subjects). 
This process will be repeated many times, each time sampling a different reference group for the computations. This step ensures further robustness of the ISFC estimates, to account for the possible presence of outlier data points. 

We now give those details in a dedicated protocol note (Section 5.A.VII):

"Note: The reference group is the set of session segments to which the functional time courses of session segment s are compared at each fold of the bootstrapping process. For the results to be more robust to outlier data points, ISFC is computed multiple times on a different reference group (that is, a different subset of session segments)."

We also remark that in Section 5.A, we specifically mention that the following protocol sub-points should be run separately for each session segment subtype; we reckon that the former misuse of "session", instead of "session segment", in those explanations, may have confused the reader, and corrected this unfortunate inaccuracy.

These issues need to be addressed in more detail to be able to better understand the statistical procedures.

We hope that the adjustments mentioned above enable a better understanding of the statistical procedures introduced in the manuscript. We remain open to modify any remaining issue that the Reviewer may still have.

Minor Concerns:

- "resting-state and task-evoked activity patterns are increasingly understood to embed important specificities". This is a bit vague.

We have modified the previous formulation into a clearer variant:

"This is important because resting-state and task-evoked activity patterns are increasingly understood to be characterized by distinct properties21,22."

- Hierarchical numbering should be done less ambiguously, especially these are also referenced as such, e.g.: 3/3.1/3.1.1.

We thank the Reviewer for his/her valuable suggestion. We have now modified the numbering so that different sets of symbols highlight specific hierarchical levels: the first level is now denoted by (1,2,3...), the second level by (A,B,C...) and the third level by (I,II,III...).

- 4.2.5: "probabilistic tissue map" - would add that these are individually derived maps, not a template.

In fact, the maps are templates originating from the DPARSFA toolbox, whereas the averaged signals are of course themselves session-specific. This has been clarified in the newer manuscript version (Section 4.B.V):

"Note: The regression step is inspired from a function originating from the DPARSFA toolbox29. The white matter and cerebrospinal fluid signals from individual subjects are averaged over the voxels for which the respective template DPARSFA probabilistic tissue map showed a signal larger than 0.99."

- "Time points at which a stimulus-related ISFC value statistically significantly exceeds the null distribution are tagged as -1/+1 for significant ISFC decreases and increases, respectively." - In the plots the peaks never reach -/+1. Are these then not significant? Probably I am misunderstanding the thresholding.

The Reviewer did not misunderstand the thresholding process, which indeed tags data points with +1 or -1 when, respectively, a significant ISFC increase or decrease is established. The apparent mismatch with the plots from Figure 2A and Supplementary Figure 4 comes from the fact that we displayed averaged ISFC excursion time courses across subjects: a value of 1 would then imply that all subjects showed a similar ISFC increase/decrease at the same time point (i.e., that all were tagged as +1/-1). For this reason, we have been using "Subject fraction" as the y-axis label in those plots.

To render this point clearer, we have now modified the legend of Figure 2:

"ISFC transient time courses, averaged across subjects, for three indicative connections [...]"

Note that the cross-subject average use is also what enables to display, on top of the mean excursion time course, an associated confidence interval.

- "As an indication, for n = 299 atlas regions as here and given our tally of 5762 resting-state data points, we could at best achieve an α-value close to 0.01 %." - This should be described in the methods and in a bit more detail. I don't understand the math here.

We understand the difficulties from the Reviewer; the alluded point is actually also important to properly answer some of the above comments.

As stated in the manuscript, we had a total amount of 5'762 data points left following sliding-window ISFC computations on our resting-state data.

For 299 atlas regions, there is a total of 299*298/2=44'551 connections to consider. If a statistical level of α=0.05 is desired (that is, a false positive rate of 5 %), since parallel statistical testing is performed for each connection and considering marginalization across subjects, one should actually resort to the corrected α-value 0.05/44'551 = 1.1210-6.

To achieve a one-sided α-level of 0.05, one would need to use the maximal value of a null distribution made of 19 samples as the significance threshold. Indeed, a more extreme actual value would then exceed 95 % of available measures (19 out of 20, or all except itself), hence the desired 5 % level. 

To achieve a two-sided α-level of 0.05 as defined in our manuscript (see Section 5.B.VII), one would require the equivalent number of samples as for a one-sided α-level of 0.1, that is, 9 null samples.

By applying a similar reasoning with 5'762 data points, we can at best reach a significance level of 8.6810-5, which is not quite as stringent as what would be required according to Bonferroni correction. We rounded this to α=10-4 in our work.

We have added those explanations in the newer manuscript version to clarify this statistical thresholding step (see Section 5.B.VI):

"Note: In our analyses, we had 5'762 resting-state data points to our disposal, and selected an α-value of 10-4. This means that we wanted 0.01 % of data samples to be larger or equal to the selected thresholds past which an ISFC excursion would be deemed significant. For comparison purposes, the α-level demanded by Bonferroni correction would be 0.05/44'551=1.1210-6, and the most stringent possible α-level enabled with our amount of data (n samples) would be 8.6810-5."

Further, we remark that given the dependence of the different connections (299 separate connections share the same brain region at one of their end, and even distinct but structurally strongly linked areas may also be expected to share some functional similarity), the "true" statistical level at which the data should be thresholded to avoid the presence of false positives lies somewhere between 0.05 and 1.1210-6. 

We empirically found that using the most conservative possible level with our amount of data, the key ISFC patterns standing out in the analyses could easily be interpreted with respect to the associated movie cues, lending support to the hypothesis that we already manage to discard a large fraction of the possible false positive detections. This is further confirmed by the time-locked nature of extracted ISFC transients across subjects.

- What would be a critical amount of bad movement volumes (FD > 0.5) to consider the participant's data unfit for further analysis? Given the rather small number of TRs used as windows (5 or 10), correlations in these windows should be quite unstable already, and would easily be strongly confounded by scrubbing. The authors should comment more on these issues.

The Reviewer raises an important point, which is the proper handling of motion in the analyzed data. In fact, we already set a criterion for discarding a participant's data in the previous manuscript version; indeed, as written in the Representative Results part (paragraph 3):

"We excluded all sessions for which more than 10 % of frames were scrubbed, at a threshold of 0.5 mm [...]"

Below 10 % of corrupted frames, the data was kept and cubic spline interpolation was used to replace the scrubbed data points using the information from neighboring samples (as now explicitly mentioned in Section 4.C.VII). Above 10 %, we simply discarded the data and did not include it in the analyses.

This value of 10 %, compared to typical dynamic functional connectivity analysis standards (see e.g. references 25 or 31), is quite a conservative choice, in part because we rely on a low number of samples in our sliding-window estimates. A few other remarks are worth a mention:

1. The use of an inter-subject framework may actually further mitigate the influence of motion compared to the more traditional "within-subject" sliding-window functional connectivity computations, since the deleterious impacts of motion on the signals from different subjects may not occur at the same moments in time.

2. Although we indeed use a small number of values for our estimates, we resort to the same number of samples when computing sliding-window ISFC measurements on our null data, and so, the possible confounding influence of motion is also present in the null distribution used at the thresholding stage. This step can thus, to an extent, be seen as providing an "extra protection" against motion-related artifacts.

3. Given the importance of the motion question, we also devote a paragraph from our Discussion (paragraph 4) to this question; there, we highlight both the need to include motion parameters as covariates in any statistical comparison process (an addition to this newer manuscript version), and also some additional, optional motion correction strategies that can be used on top of the introduced pipeline.
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