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Re: JoVE59575R2 - “Using the Race Model Inequality to quantify behavioral multisensory integration effects.”

Dear Dr. Berard,

We would like to thank the editor and the external reviewers for the comprehensive and thoughtful review of the above referenced manuscript. The central critics raised in the decision letter were requests for additional clarifications, as well as formatting changes to be consistent with the journal’s requirements. We appreciate the opportunity to address each of the key criticisms raised by the reviewers and the Editor. Below, please find responses to the specific comments raised in the decision letter.  As requested, revisions are marked using Track Changes.  We include a few questions for you in bold font, and am certain that we can work together to address these comments in the final version of the manuscript and video.

Editorial Comments:

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.
· Done

2. Please define all abbreviations during the first-time use.
· Done

3. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. For example: Eprime software, Excel, etc
· Done

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

5. Please use insert equation feature for all the equations used in the manuscript.
· Done

6. For the protocol section, please revise the text to avoid the use of any personal pronouns in the protocol (e.g., "we", "you", "our" etc.).
· Done

7. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. 
· Done

8. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly.
· Done

9. The Protocol should contain only action items that direct the reader to do something.
· Done

10. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections.
· There are no paragraphs of text, only multilevel lists with action items that provide clarity of procedures.

11. Please leave a single line space between all the numbered step, substep and Notes in the protocol section.
· Done

12. Software steps must be more explicitly explained ('click', 'select', etc.). Please add more specific details (e.g. button clicks for software actions, numerical values for settings, scripts etc.). Please include all the custom scripts generated for the experiment as supplemental files.
· Done

13. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Please ensure that the protocol should be specific with respect to your experiment and should be written in a stepwise manner as if you are describing someone how to perform your experiment with all necessary details.
· Done

14. 2.1.1.: What kind of stimulus is generated?
· The stimuli are 100ms blue flashes from illuminated LEDS (visual stimulus) and 100ms 0.8G vibrations (somatosensory stimulus) that are presented in isolation for unisensory stimuli and simultaneously for multisensory stimuli. There are a total of three experimental conditions (visual, somatosensory, and visual-somatosensory). We have improved this section for clarity in the revised manuscript. 

15. 2.1.2: How do you do so?
· The devices are connected to a network control center, which allowed direct control for each device through the testing computer’s parallel port. The devices were cycled on and off at precise predetermined intervals in any combination. A TTL (transistor-transistor-logic, 5 V, duration 100ms) pulse was used to trigger the visual and somatosensory stimuli through E-Prime 2.0 software. We have improved this section for clarity.

16. 2.1.3: This step needs clarity.
· We have added a few additional sub-steps to improve the clarity of the entire Experimental Design section (#2). 

17. 2.2: What kind of experiment is performed? Please explain. What kind of 135 stimuli are generated and how? Do you perform any button clicks? Do you run any scripts? Please include details.
· As requested, we now provide additional information regarding the experiment (Simple Reaction Test) and associated task in the revised manuscript. 

18. 2.3: How? Do you perform any button clicks for the same? What is the blank catch trial? How do you perform the same?
· We have revised this section as requested to answer these questions.

19. 3.3: This needs more clarity.
· Revised as requested to improve clarity.

20. 4..1.1.: what is the reason of excluding the participants? Will this not have an impact on the result?
· Including participants with unreliable data greatly alters the end result. As mentioned, we employ a cutoff of 70% performance accuracy on all of our multisensory studies to exclude participants with unreliable responses and provide numerous citations to support that established cutoff. There are a number of instances where participants miss trials – it could be that they did not push hard enough for their response to register, that they made two responses very quickly and neither registered, they experienced an attentional disruption, neuropathy interfered with the sensation of foot pedal, or perhaps they just needed to stretch their legs… Nevertheless, if 70% accuracy cannot be obtained on this simple reaction time test, then it is likely that their data are no longer valid and therefore these participant should not included in the study.

21. 4.1.2: So, you present 135 stimuli, How many times should they fail per block? This step needs explicit details.
· Technically they shouldn’t fail at all, as the task is very simple.  But given the above list of non-exhaustive reasons why one might miss a response, it does happen occasionally. In previous studies, the group-averaged (n=289) stimulus detection was 96% across all conditions, and over 90 % of the population had detection rates above 90% for all three conditions. Older adults often perform very-well, which is precisely why participants with poor accuracy levels should not be included.  70% is our established cut-off score, but as mentioned above, on average our seniors only miss about 3 – 4 trials per condition. 

22. 4.2.1: No mention of sensory condition before in the above steps. So, the stimulus had different sensory conditions?
· Sorry, sensory condition = experimental condition defined in 2.1 as “three experimental conditions:  visual (V) alone, somatosensory (S) alone, and simultaneous visual-somatosensory (VS).”  We have revised this term back to “experimental condition” for consistency. 

23. 4.3.2: How do you perform the binning? Do you use any software, scripts etc?
· Yes, this is automated in Excel and preciously why I provided the equations and steps in the manuscript. I figured with the video, we will use screenshots to display the actual equations and show exactly how things like the range and binning procedures are calculated.

24. 5.1: How?
· We now include specific steps on how to create the group-averaged difference waveform in the revised manuscript. 

25. 5.2: How do you run this test? What is the output? Please include the script as a supplemental file.
· This test is run in R.  Gondan and colleagues have made the script available (for free) on their website. The output provides a tmax value, 95% criterion, and p-value which is instrumental in determining whether a significant violation of the Race Model exists.

26. 5.3, 5.4: How is this done?
· This is done by performing steps 5.5.1-5.5.3. We have clarified this in the revised manuscript.

27. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
· Done

28. Please expand the Representative Results in the context of the technique you have described, e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. The paragraph text should refer to all of the figures. Data from both successful and sub-optimal experiments can be included.
· Done

29. 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].”
· Please note that Frontiers publications are published under CC BY 4.0 License; therefore, there is no need to request specific permission for reproducibility and researchers are free to re-use published material as long as license terms are followed.  We now include an updated figure caption for Figure 2 clearly listing the proper citations.  We have written permission to reproduce Figure 1, first published in Multisensory Research, however, this figure has recently been reproduced in JGMS and Frontiers.  Frontiers is not an issue, but Dr. Berard should I seek additional approval from JGMS as well?

30. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
· Critical steps within the protocol
· Any modifications and troubleshooting of the technique
· Any limitations of the technique
· The significance with respect to existing methods
· Any future applications of the technique
· We have completely revised the discussion section to address the above bullet points.

31. Please expand the journal titles in the reference section.
· Done. Sorry terms list in Endnote needed to be updated.

32. Please complete the materials table. All commercial software should be listed here as well.
· Done

Reviewer Comments:

Reviewer #1

This paper is to accompany a video depicting an approach to quantifying multisensory integration that should be transferable to many different research settings and experimental designs.

1. This is not so much a concern as perhaps a lack of familiarity with this format, but it is fairly difficult to follow the calculation methods without a visual depiction of the spreadsheet; it seems like the methods are very clearly described and will be easy to follow with video screenshots of the steps being completed in real time. As a reader trying to imagine using this technique on my own data, I also wonder if it could be useful to demonstrate specifically how this approach leads to measurably different results than other approaches (e.g. how would the final curves differ if slow response trials are excluded rather than RT set to infinity? what happens if you pre-select the fastest quartile rather than allow the dataset to dictate percentile range?
· This a great comment and we have many great visuals of what happens to the difference curves when these outliers are included.  The main problem here is to do with the fact that the entire CDF is predicated on the RT range.  If most RTs are falling between let’s say 150 and 650ms – then the range is about 500ms.  The longest RT sets the upper limit of the range, so if even one long RT of let’s say 1650ms is included, the range just increased from 500ms to 1500ms, by including that one outlier RT.  Thus, the entire CDF is skewed and the shape of the  subsequent RMI curve is significantly altered.  I am happy to provide examples of this either in the video or as a supplementary figure and can work with Dr. Berard to adequately display this in either the article, movie, or both.
· The advantage of using a data-driven approach is that only the time bins that have positive (violated) time bins in the study cohort are included in the independent measure, thus minimizing error.  While it is commonplace to just test the fastest quartile, unfortunately datasets do not follow a one-size-fits all model. Kiesel et al 2007 posit that ‘race model violations most likely occur during first quartile’ – but they use computer simulations to determine which time bins should be examined. The problem with relying on such simulations is that older adults maintain completely different RT distributions relative to young adults or computer simulated results. Rather than naïvely setting an a priori test window for race model significance testing, we recommend that researcher be informed of the actual violated portion of their group-averaged difference wave (identified under new step 5.3 of this tutorial) and subject data from only that window to further statistical testing.  If you look at Figure 2, why would anyone want to include the negative (non-violated) portion of the difference wave (percentile bins .15 - .25) to further testing  these time points do not violate the race model inequality and thus, there is no reason to include them to determine whether the violation is significant (new step 5.4).  

2. page 2 line 83 "RMI" is an abbreviation for race model inequality? spell it out the first time.
· Yes, we have rectified that oversight. 

3. page 4 Experimental design - redundant wording in 2.1.3 and 2.3 could be edited for clarity?
· Revised as requested.

Reviewer #2

1. Ad 4.1.1.: the 70% criterion of excluding participants may depend on the population (age, health status) and seems too liberal for "normal" (student) populations. 
· Great comment.  We agree that this cutoff may be too liberal for student populations, but require utilization of it here given inclusion of an elderly cohort with potential sensory, motor, and cognitive limitations (see response to Editorial Comments 20-21).  Note that some empirical cut is necessary to maintain reliability, and this cutoff can be tailored on a study-by-study basis depending upon the population being examined.

2. Check this new reference for (individual data) race model tests:
Lombardi, L., D' Alessandro, and Colonius, H. (2018). A new nonparametric procedure to evaluate the race model inequality. Behavior Research Methods https://doi.org/10.3758/s13428-018-1170-0
· Thank you.

3. line147: remove "is placed"
· Done

Reviewer #3

The authors present a method for conducting a visual-tactile integration experiment and for analysing the level of integration according to violation of the race model inequality. The manuscript is well written and the methods will certainly be of use to other researchers who wish to conduct multisensory experiments with a reaction time component. However, there are a number of issues with using the test of the race model as a measure of the extent of integration, such as race model violation being biased towards individuals with slower unisensory reaction times (i.e. a floor/ceiling effect; see Major Concerns below). Although this is a major concern, there are a number of a priori and post-hoc techniques which can be implemented to avoid these biases, which the authors should include in their manuscript/video presentation. This will ensure that their analysis technique and interpretation, as well as future experiments that wish to exploit this analysis technique, are not affected by floor/ceiling effects. There are a few other minor concerns and typographical errors (see Minor Concerns), but I am happy to recommend this methodology for publication and for a video presentation if all concerns are addressed.

1. Page 3, lines 78-81 - This point is correct. However, Couth et al 2017 were also critical of the use of race models as a way of determining enhanced integration, where race model violation is biased towards individuals who have slower unisensory RTs. That is, a greater room for improvement for slower participants gives the impression of greater race model violation (i.e. a floor effect). Conversely, young participants purportedly show less/no integration (i.e. race model violation) than older (e.g.; Laurienti et al 2006; Peiffer et al 2007; Hugenschmidt et al 2009; Mahoney et al 2011; Couth et al 2017), but this is probably due to young adults having faster unisensory RTs, thus limiting the amount of race model violation that can be observed (i.e. a ceiling effect), rather than them integrating less than older adults. Based on your interpretation of less race model = 'poorer/deficient' integration, this would mean that young adults are also poorer integrators, which would be detrimental for balance etc. That is unless you can show more race model violation for young adults compared to older with the new method of analysis that you present here?
· In these studies, regardless of age, both groups demonstrate a RT speeding from uni- to multisensory stimuli (e.g., a MSI effect). The proportion of RT change from unisensory to multisensory may be greater in olds vs. youngs for various reasons including but not limited to alterations in sensory, cognitive, and/or motor functioning associated with increasing age that younger adults are not subjected to yet. This is one reason why I do not recommend comparisons of young to old adults because there are so many unanswered questions regarding multisensory integration processes in aging alone. 

· It is unlikely that all young individuals would be deficient integrators. In support, our 2011 paper reveals that younger adults demonstrate larger RMI than older adults for the auditory-somatosensory (AS) and auditory-visual (AV) conditions, while older adults demonstrate larger RMI than younger adults for the visual-somatosensory (VS) condition.  To further address this comment, we reanalyzed the AS data from the 18 young individuals presented in the 2011 published manuscript and processed it using the methodology described in the current tutorial.  The results demonstrate similar patterns of differential integration (see below figure) where some individuals have larger race violations (red and green traces) than average (blue dashed trace), while others have smaller race violations (purple and cyan traces) than average.  While the young adults demonstrate differential MSI effects, larger scale studies are needed to verify this effect.  Further, notice the average RTs by condition (A=auditory, S= somatosensory, and AS= auditory-somatosensory) for these 18 younger adults, there does not seem to be large RT differences between superior and poor integrators; providing further evidence for the fact that that the entire distribution of valid RTs (not just average) should be taking into consideration when assessing magnitude of multisensory integration. 

Test of the Race Model –  Young Adults

	
RTs
	A
	S
	AS

	ALL (N=18)
	334
	371
	266

	SUPERIOR 
	306
	359
	230

	GOOD 
	380
	372
	291

	POOR 
	307
	373
	253

	DEFICIENT 
	286
	405
	310




· The premise behind the past decade of our work has been to demonstrate that older adults manifest differential integration patterns. These differences are ‘washed-out’ when one simply group averages race model difference waves across very small cohorts.  If we apply the step-by-step approach documented in the current tutorial to younger individuals, similar patterns of superior to deficient integration exist, and further their AUC would likely be associated with some motor outcome (perhaps not balance as it unlikely that young adults wouldn’t be able to stand on one leg for 30 seconds), but maybe gait speed or postural sway. The effects may not be as dramatic, especially if young adults are at ‘ceiling’ on these tasks – but note that the average RTs to the multisensory AS condition in youngs does not increase linearly from superior to deficient integrator status and further highlights the notion of differential integration patterns, regardless of chronological age.

· Nevertheless, all of the above listed young vs. old research studies contained very small n’s (18-30 individuals per group) and most (bar ours & Couth) solely investigated AV integration. Each study maintained different criteria for data trimming processes and only Couth discussed differential integration patterns that were identified in our 2014/2015 papers.

· Unfortunately, at this point this remains an understudied area where further research is clearly warranted. However, this tutorial is timely so as to insure utilization of standardized methodological approaches and data preparation procedures for easy comparisons of multisensory integration effects across different age groups and/or clinical populations.

2. In line with the point above; based on previous research, there could be ways of setting up the experiment or transforming the data to avoid extremes in unisensory RTs and misinterpreting enhanced race model violation (i.e. more integration) e.g. Holmes et al 2009 The Principle of Inverse Effectiveness in Multisensory Integration: Some Statistical Considerations. I think that it is important that these potential shortcomings are acknowledged somewhere (maybe in the methods or discussion), along with the other general criticisms of the race model (as per point 3 of the minor concerns below; page 3, lines 53-54). In this case, it is important for the authors to emphasize how their method addresses these potential confounds and how researchers might want to set up their experiment/analyses to avoid these problems.
· We now include this important point in the revised manuscript.

3. Page 2, line 29 - research isn't limited to adults e.g. Gori et al 2008. Suggest to say 'humans' more generally.
· Done

4. Page 3, line 46 - redundant signalS effect.
· Done

5. Page 3, lines 53-54 - expand on point "purportedly contain limitations regarding independence between unisensory systems" (see suggestions in Major concerns)
· Done

6. Page 3, line 62 – then
· Done

7. Page 4, line 106 - experimental designs
· Done

8. Page 5, line 135 - remove '1.5'
· Done

9. Page 5, point 2.1.1/ point 3.1 - what is the benefit of having bilateral vs unilateral stimulation? Could perhaps comment on its utility for investigating spatial separation of stimuli? e.g. Mahoney et al 2014 Does stimulus location really matter; Couth et al 2015 Investigating the spatial and temporal modulation of visuotactile interactions in older adults; Poliakoff et al 2006 Vision and touch in ageing: crossmodal selective attention and visuotactile spatial interactions etc. Worth mentioning either here and/or in the last paragraph of the discussion where you suggests adaptations of the experimental design (e.g. Page 8, lines 290-292).
· This is a great point but unfortunately it is beyond the scope of the current experiment as many different experimental manipulations can be implemented and unfortunately space limitations do not afford the opportunity to discuss all experimental adaptations.  

10. Page 5, point 2.4 - Allow participants up to 2000ms. Why? This seems counterintuitive as you argue that slow responses should not be omitted (as per Gondan and Minakata). Perhaps state why there needs to be some limit placed on this?
· We now include a comment about this in section 2.4.  Note that participants need ample time to respond and while the opportunity to make a slow RT is inherent in the design, the long RTs are never omitted, they are set to infinity.  There is a good reason for dropping very long RTs that are not consistent with the individual’s RT profile (see response to Reviewer #1, comment 1).

11. Page 5, point 3.2 - Could the tactile stimuli provide auditory cues which could enhance RTs? This could be the case depending on what type of vibrotactile stimulator researchers use. If so, you could recommend using headphones playing white noise to drown out these unwanted auditory cues.
· Yes, 100% correct.  We always employ headphones with white noise - it seems that statement was inadvertently left out here.  Thank you for noticing!

12. Page 5, point 3.2.1 - Which foot? Dominant?
· We use right foot and now provide this information.

13. Pages 5-6, point 4 - Does not explain why the "percentile range to be tested should be dictated by the actual dataset" rather than 0-25% bins, as suggested earlier on page 3, lines 93-49. In fact, you do not see any race model violation beyond 15% percentile (Figure 2), so perhaps there is nothing wrong with looking within a certain range of bins (as suggested by Kiesel et al 2007 Systematic biases and Type I error accumulation in tests of the race model inequality).
· Please see response to Review 1 comment 1 (second bullet). We now include a further explanation in the revised manuscript to address this.

14. Page 7, point 5.2 - expand on this. How does it work? What is the interpretation?
· Done

15. Page 7, point 5.3 - Really nice (and unique?) way of looking at the amount of race model violation. Suggest that the authors emphasize this as part of their USP.
· Great idea, thank you.

16. Page 7, point 5.3.1/5.3.2 - What if there is only one bin that significantly violates RMI, and not consecutive bins? Are these still included in the analysis or ignored?
· We have added more information on the classification system in new section 5.6.  The index is based just on the number of violated (positive >0) points, regardless of whether they are consecutive.

17. Page 7, point 5.4 - Need to quantify and give an example e.g. are individuals classed as 'race model violators' if they have a positive difference for just one bin, or does this need to be 2,3,4 etc.? Rather than looking at time bins, could you set a certain AUC value to assign multisensory classification?
· See response to comment 16.  While AUC value can be used to assign a multisensory classification, the classification system is merely used for descriptive purposes as it highlights the degradation of magnitude of MSI as classification category decreases. We recommend using AUC as a continuous measure of magnitude of multisensory effects and as a predictor of other outcome measures and include this point in the revised manuscript. 

18. Page 7, point 5.5?? - explain how AUC could be used to compare between different groups (e.g. old vs young) or to look at the relationship with other measures e.g. balance, gait, sensory acuity etc. as per Mahoney et al 2018a;b.
· Done

19. Page 8, line 293 - "stimulus presentation onset times can be varied"
· Done

20. Figure 1 - what is the purpose of the computer monitor? Does it give some instructions and/or some sort of visual feedback for the participant? Need to explain in section 2/3
· Done.

21. Figure 2 - use colour example to discern groups more easily
· This can be provided if Dr. Berard deems it necessary.

· Additionally, Dr. Berard, can you please advise which files should be uploaded as supplementary.  From the comments, I gathered that the following could be useful, but not sure if these should ALL be included:

i. Excel spreadsheet with RMI equations
1. Also can show multiple, perhaps with and without data-trimming procedures  or with and without inclusion of slow RTs
ii. R script for Gondan’s test of the Race Model – although I refer the reader to the citation where these are available
iii. Eprime 2.0 experimental  paradigm and behavioral output
iv. [bookmark: _GoBack]Any other additional files? 


Again, we would like to express our sincere appreciation for the constructive review of our manuscript. We hope that this revision addresses all of the concerns raised by the reviewers and that you will find our revised manuscript suitable for publication in Journal of Visualized Experiments. 

Respectfully submitted,
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