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Submission of Manuscript: “Evaluating Usability Aspects of A Mixed Reality Solution for Immersive Analytics in Industry 4.0 Scenarios” after the first review round.


Dear Editor,

[bookmark: _GoBack]please, find attached our manuscript entitled with „Evaluating Usability Aspects of A Mixed Reality Solution for Immersive Analytics in Industry 4.0 Scenarios“. We have mostly rewritten the first submission entitled with “Evaluating the Usability of A Mixed Reality Setting for Immersive Analytics Based on Performance Measures and Perceived Stress.” We adhered to the author guidelines of JoVE and we have addressed the comments of the five reviewers. We are thankful for their valuable comments, which we have addressed in our revision. We think that the paper is interesting for a broad audience and hope to convince the reviewers in this statement.
Importantly, in this revision, we have mostly rewritten the entire paper for the sake of readability and the mentioned reviewer comments.

Changes in this revision:

	The manuscript will benefit from thorough language revision as there are a number of grammatical errors throughout. Please thoroughly review the manuscript and edit any errors. Themost common types of errors in your manuscript are: awkward phrasing, grammatical errors from translation into English, run-on sentences.
	Manuscript was completely rewritten.

	Textual Overlap: Significant portions show significant overlap with previously published work. Please re-write the text on lines to 172-178, 188-202, 209-216, 327-332, 343-347, 365-375, 383-358, 399-409 avoid this overlap.
	Most of the parts were rewritten; however, as we were invited based on an existing paper, some parts must slightly overlap since the results cannot be changed.

	Introduction: Please use paragraph style throughout, avoid the numbered lists.
	Changed

	Protocol Language: The JoVE protocol should be almost entirely composed of numbered short steps (2-3 related actions each) written in the imperative voice/tense (as if you are telling someone how to do the technique, i.e. "Do this", "Measure that" etc.). Any text that cannot be written in the imperative tense may be added as a brief “Note” at the end of the step(please limit notes). Please re-write your ENTIRE protocol section accordingly. Descriptive sections of the protocol can be moved to Representative Results or Discussion. The JoVE protocol should be a set of instructions rather a report of a study. Any reporting should be moved into the representative results.
	The part with the instructions was rewritten and highlighted.

	Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Some examples: Line 219: What are the contents of the questionnaire.
	

	Protocol Numbering: 
1) Please add numbering to yourprotocol section. Subheadings should be labeled 1. This should be followed by 1.1. and then 1.1.1. if necessary and all steps should be lined up at the left margin with no indentations.
2) Add a one-line space between each protocol step.
	Added.

	Protocol Highlight: After you have made all of the recommended changes to your protocol (listed above), please re-evaluate the length of your protocol section. Please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps.

1) Please ensure that the title best represents the highlighted portion of the protocol.
2) The highlighting must include all relevant details that are required to perform the step. For example, if step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then thesub-steps where the details are provided must be included in the highlighting.
3) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
4) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
5) Notes cannot be filmed and should be excluded from highlighting.
	Done and changed.

	Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.
	Discussion section was restructured.

	References:
1) Please spellout journal names.
2) Please make sure that your references comply with JoVE instructions for authors. Citation formatting should appear as follows: (For 6 authors or less list all authors. For more than 6 authors, list only the first author then et al.): [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage, (YEAR).]
	All checked and changed.

	Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are Microsoft HoloLens, Matlab R2017a, RPY223 , and SPSS 25.0
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are notcompany-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.
	Changed.

	Table of Materials:
1) 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/software in separate columns in an xls/xlsx file. Please include items such as
2) Sort the list alphabetically.

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link tothe editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."
	Not relevant.

	Reviewer 1: The protocol seems to be very specific for the application of the authors. Many immersive analytics applications do not utilize spatial sound.
	We have changed the title and revised the Introduction.

	Reviewer 1: Having the instructor decide randomly for/against measurements is not guaranteeing randomness.
	Statement was refined.

	Reviewer 1: It is not clear why skin conductance is not measured for all participants when the instrument is available and used for some.
	Because of the handling, but we also stated that in needs a further experiment.

	Reviewer 1: I do not understand why a generic test protocol should include a mental rotation test as well as a spatial sound abilities test.
	See Figure 1 and the revised Introduction.

	Reviewer 1: Why is the outlier detection test not done with a PC (but only with the HL)?
	We assumed that the experience for the outliers is not like the clusters and did nor evaluate this. We added a sentence to the outlook.

	Reviewer 1: The study protocol measures the usability of very specific tasks (outlier detection, cluster detection). It is not clear why this is a generic protocol for measuring the usability of immersive analytics applications.
	Title was changed and we made clear that we focus on Industry 4.0 scenarios.

	Reviewer 1: When the stress test doesn't show any statistically significant difference before/after, why include it in a generic protocol to test immersive analytics usability?
	To evaluate indicators for the mental workload, which heavily depends on stress.

	Reviewer 1: I think that the discussion section over-generalizes the study. The HL has severe limitations for immersive analytics applications (FOV, performance) when comparedto VR setups. The immersive visualizations that were evaluated are IMHO only a small glimpse of all potential immersive analytics applications. The spatial sound test contributions is not clear.
	We changed the title, the introduction, and the discussion and made the focus clearer and narrower.

	Reviewer 1: Why was only the HL used for outlier detection?
	We assumed that the experience for the outliers is not like the clusters and did nor evaluate this. We added a sentence to the outlook.

	Reviewer 1: The 2D software UI isn't included in the material. Hence, it is very hard to evaluate if the 3D/immersive aspect is important or if some other design flaw of the 2D UI was the reason for its poor performance
	See Figure 8.

	Reviewer 1: The manuscript often talks about virtual reality but then uses the MS HoloLens (which is AR/MR).
	We changed many statements.

	Reviewer 1: The bounding box metrics is not clear. What does it mean that a bounding box is heavily used.
	Explanation was changed.

	Reviewer 1: Using the median to split between High and low performers is ok. But stating that high perfromers are experts is a stretch. Especially in cases when the actual results of low performers and high performers is very similar.
	We changed the term to advanced users; very good point.

	We say thanks to Reviewer 1 for the valuable comments.

	Reviewer 2: The manuscriptlacks detailed information about the dataset used in the clustering and outlier detection tasks.
In order to make the protocol reproducible, it is important to share the dataset publicly or to give guidelines to generate a similar dataset.
The assumption that protocol would work with any dataset with an outlier or any dataset that could be clustered, seems not to be correct. The dataset is a key aspect to evaluate certain aspects that the authors explore in their pilot study.
	See Reference [36]

	Reviewer 2: The paper refers to the commercial product movisens sensor but it does not provide enough information about the characteristics of a generic sensor that would be recommended to reproduce the protocol.
	Because of the handling, but we also stated that in needs a further experiment.

	Reviewer 2: No software or data repository was provided. Having access to open source code would help other developers to reproducethe protocol and also to understand in detail how the metrics are computed and processed. This would be a great contribution to the field.
	See Reference [36]

	We say thanks to Reviewer 2 for the valuable comments.

	Reviewer 3: It was not clear about the hypothesis and control group. Is the hypothesis that immersive analytics is more effective? Was this compared with a 2D version of the task?
	We have revised the introduction and discussion. Yes, the hypothesis was that immersive analytics outperforms a 2D solution

	Reviewer 3: Analytic tasks were limited to spatial discrimination, like positional identification (visual & audio) within 3D scatterplots. Data viz involves much more, like comparison and causal inference.
	We added a new section to the introduction to explain our thoughts on this. We added also Figure 1 for this purpose.

	Reviewer 3: Somedetails of study results were reported, but results are not summarized and assessed. Did this preliminary study show that immersive analytics is effective?
	We have rewritten the summary as well as many parts to present that our results show that immersive analytics is beneficial for Industry 4.0 scenarios.

	Reviewer 3: There was no control for the effect of the chosen h/w solution (HoloLens). Would other VR/AR devices elicit different behaviors?
	Very good point; due the basically complex setting, this will be addressed in future work.

	Reviewer 3: Needs better literature background about the field of immersive analytics. Citations of similar research? Definition of and motivation for IA?
	We have added a new section to the Introduction.

	Recommendation:
- Accept. The authors have made a disciplined effort to design, conduct and analyze their experimental protocol.
- Quality lab experiments in immersive analytics is very important to the advancement of data viz research. The VR/AR/xR technology has rapidly evolved so that creative solutions to complex data viz can now be both feasible and effective. Hence, this type of disciplined research should be encouraged. The field is beyond simplistic statements that 2D data viz issuperior to 3D. We need to know when and why.
	We say warmly thanks to Reviewer 3 for the valuable comments.

	Reviewer 4: Why using augmented reality and not only virtual reality for this study? Indeed, the objective of the study is to visually analyze a 3D scatter plot. The real environment is not used and even not described. The use of AR in this context, and more generally for immersive analytics, is not well justified and limits the interest of the study.
	We have changed the entire Introduction for this purpose and also added Figure 1.

	Reviewer 4: A screenshot and a real illustration of the AR and desktop application would be very helpful to better understand the study. How was the room (visual environment, color of the walls, luminosity) in which theexperimentation was run?
	See Figures 2,3, and 8

	Reviewer 4: The skin conductance was measured only for a part of the subjects. Why?
	Because of the handling, but we also stated that in needs a further experiment.

	Reviewer 4: The choice of the path and angle measures are not well motivated. These measures can be interesting to understand differences in behavior but authors claim that they reflect performance, why? These measures are not really discussed then.
	We added a paragraph explaining these aspects.

	Reviewer 4: In general, results could be more discussed and authors can try to propose some hypothesis to explain them.
	We added a new section to the Introduction and revised the discussion as well as the results part.

	We say thanks to Reviewer 4 for the valuable comments.

	Reviewer 5: Please elaborate on the sound use. On page 5 it is stated "To better find the red-marked points, a constant sound of 44100 Hz was produced". How is this high frequency sound, well above the maximum audible sound frequency (~20000 Hz) useful? Also, what are the 6 audio samples mentioned in line 232 (frequency, level, etc. attributed)? Please elaborate. Figure 2 does not provide much information that would allow replication of the experiment.
	The 44100 HZ refer to the sampling rate (https://en.wikipedia.org/wiki/44,100_Hz), while the used tone pitch was 250HZ

	Reviewer 5: The abstract talks about immersive analytics and virtual-reality settings. However, the study uses Microsoft HoloLens that is not fully immersive and use mixed-reality settings. Please better align the abstract with the content of the paper. Similarly, Introduction section does not even mentioned mixed reality and related research. Similarly, page 11 (lines 459-460) claims feasibility for virtual reality based environment which was not the case for the conductedexperiment. Please be consistent.
	Very good points, the Title, the Introduction, the Abstract and the Discussion were entirely changed for this purpose.

	Reviewer 5: Spatial imagination ability is mention on page 4 (RQ1) and in Figure 5. However, there is not clear description how is spatial imaging ability defined and measured? Is that the Spatial Ability Test? Outlier detection test? Mental rotation test?
	The mental rotation test is shown in Figure 5, this test was used for evaluating the Spatial imagination abilities. In addition, we added a sentence and a reference to the figure that shows the test.

	Reviewer 5: Industry 4.0 is mentioned in the abstract and on page 3 as "an emerging application field that is highly interested in analyzing data using immersive analytics." Could you elaborate and expand on this example to make a stronger case for practical use of immersive analytics?
	Very good point, the Title, the Introduction, the Abstract and the Discussion were entirely changed for this purpose.

	Reviewer 5: What is the impact of limited field of view of Microsoft HoloLens device given the immersive analytics focus?
	We added a section in the Introduction as well as a sentence in the outlook that further devices have to be investigated.

	Reviewer 5: Could you at least elaborate on what is expected from skin conductance data? What are the physiological factors you hope to measure? Also, the term Electro Dermal Activity (EDA) should be used instead of skin conductance.
	See our statement for the need of a further experiment.

	Reviewer 5: Figure6 shows sound and support sound. What is the difference?
	The two aspects refer to this questionnaire after the study (https://docs.google.com/forms/d/e/1FAIpQLScoe7CyxlLfxeghicVI6rleU-cN40I1KHE94tn1oSbTaS__kg/viewform)
Sound means the answer to the question: How stressful was the sound that supported you to find outliers?
Support Sound means the answer to the question: How helpful was the sound support to find outliers?

	Reviewer 5: Please provide more discussion about RQ1-RQ5 findings on page 10 (just referring to tables makes it more difficult to understand the results).
	We added more information to these points.

	We say thanks to Reviewer 5 for the valuable comments.




Yours sincerely,
Prof. Dr. Rüdiger Pryss
Corresponding author
Institute of Clinical Epidemiology and Biometry
University of Würzburg
ruediger.pryss@uni-wuerzburg.de
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