Editorial comments:
The manuscript has been modified and the updated manuscript, 60456_R0.docx, is attached and located in your Editorial Manager account. Please use the updated version to make your revisions.

Reply:
Thank you for your review, and we have improved our manuscript according to the recommendation of reviewers, meanwhile, we answer the questions they asked one by one, please find them below.
Thank you once again!

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Reply:
Thank you for your suggestion, we asked for the language editing help from native English speaker, and have improved the grammatic level of our manuscript.
2. 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].”
Reply:
Thank you. There exist no copy or reuse of figures from a previous publication.
3. Unfortunately, there are a few sections of the manuscript that show significant overlap with previously published work. Though there may be a limited number of ways to describe a technique, please use original language throughout the manuscript. Please check the iThenticateReport attached to this email.
Reply:
Thank you for your help. I noticed this point, and have changed the usage of language. Now the original language is used.
4. Please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
[bookmark: _Hlk19761852]Thank you, we have added them in new-versioned manuscript.
a) Critical steps within the protocol
Reply: 
[bookmark: _Hlk19761880][bookmark: _Hlk19761893]Critical steps within the protocol is the procedure of performing dTMT and WTMT with no interruption, because both tests collected time variables. As a result, subjects needed to complete the tests fluently. Any delay induced by examiners, or misunderstanding, distraction, etc, should be minimized or eliminated.
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
Reply:
[bookmark: _Hlk19761910][bookmark: _Hlk19761919]There are two modifications need to be mentioned. First, for dTMT, real-time pressure of stylus onto the screen is a sensitive variable for drawing, which has been confirmed in digital Clock Drawing Test28, with development of technologies, software that could detect the pressure of stylus onto the screen during dTMT will give physicians more information in future. Second, for WTMT, new device that can detect and analyze sway of trunk might be helpful to find more evidence in movement disorder patients29,30, because IDEEA only detect gait data. However, as far as we know, IDEEA is the first digital accelerometry used in WTMT.
d) The significance with respect to existing methods
e) Any future applications of the technique 
Reply:
[bookmark: _Hlk19761956]Since digital technology is becoming more and more popular in our daily life, and digital devices should be used in early diagnosis of cognitive disorders and movement disorders32. dTMT and WTMT are both derive from traditional TMT, but are capable to capture more variables than the paper-based TMT.  In our opinion, both new modified TMT could be used in screening patients with cognitive disorders and movement disorders. Besides, for those patients with upper limb disability, WTMT is particularly useful.
5. Please rephrase the Short Abstract to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …”
Reply:
Thank you, we have rephrased the Short Abstract, please find it in new-versioned manuscript.
6. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets or dashes.
Reply:
Thank you, we made the adjustment of the number.
7. Please add a one-line space between each of your protocol steps.
Reply:
Thank you, we have added it.
8. 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.). Any text that cannot be written in the imperative tense may be added as a “Note.”
Reply:
Thank you for reminding us, we confirm that.
9. There is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the Protocol steps (including headings and spacing) in yellow 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.
Reply:
Yes, we have highlighted 2.75 pages of the protocol steps. 
Thank you.

10. For steps that are done using software, a step-wise description of software usage must be included in the step. Please mention what button is clicked on in the software, or which menu items need to be selected to perform the step.
Reply:
Thank you for reminding us, we have changed added it in new-versioned manuscript.
11. JoVE cannot publish manuscripts containing commercial language. This includes company names of an instrument or reagent. 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.
Reply:
Yes, we have added the products into the table of Materials and Reagents.
12. Each figure must be accompanied by a title and a description after the Representative Results of the manuscript text.
Reply:
Thank you we have added a description.
13. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al. Please do not abbreviate journal titles. See the example below:
Bedford, C.D., Harris, R.N., Howd, R.A., Goff, D.A., Koolpe, G.A. Quaternary salts of 2-[(hydroxyimino)methyl]imidazole. Journal of Medicinal Chemistry. 32 (2), 493-503 (1998).
Reply:
Thank you, we confirm that.
14. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file.
Reply:
Yes, we confirm that.
15. Please revise the table of materials to include all 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.
Reply:
Yes, we confirm that.


Reviewers' comments:
Reviewer #1: 
The use of TMT is not new. However, the idea of this protocol is comprehensible and well described.

There are a few vulnerabilities, which should be considered.

Major Concerns:
1. Please point out what more information can dTMT you mentioned in this manuscript give than traditional TMT?
Reply:
dTMT has been proved to be capable of not only measuring the same aspects of cognition as the traditional TMT, but also monitoring other cognitive processes not captured by the traditional TMT alone [1]. As a whole, dTMT could capture the time to completion, as well as number of errors are considered as the main additional information dTMT can give than traditional TMT. In detail, specific data that can be captured in dTMT instead of traditional TMT is of importance. For example, time inside circles and movement velocity (or velocity of drawing) mentioned in dTMT could give be more helpful than traditional TMT, which have been noticed by us and other researchers [1,2].
2. It is recommended to explain why digital TMT does not need too much additional time relative to traditional ones and why digital TMT method is quite a sensitive tool compared with traditional version.
Reply:
dTMT does not need too much additional time relative to traditional ones, because the circles are positioned in dTMT just as traditional TMT, and subjects need to complete the same task as tradional TMT. The only difference that dTMT is completed through stylus and computer screen while the traditional TMT is completed through pencil and paper. More than one group has reported in their research that dTMT is quite a sensitive tool compared with traditional version in patients with different diseases [2,3].
3. Please give more information of the degree of damage to subjects recruited in the MCI group and PD group.
Reply:
Thank you for your advice. 
[bookmark: _Hlk19776639][bookmark: _Hlk19776652][bookmark: _Hlk19776663]We added the results of the Clinical Dementia Rating (CDR) score, the Global Deterioration Scale (GDS) score, and Timed Up and Go Test (TUG) score in tab 1, so as to reflect the degree of damage to subjects recruited in the MCI group and PD group.
4. Try not to include comments on the results in the results section, such as "gait data in WTMT-A could detected more differences between Elderly with PD in comparison with other subjects". Meanwhile it is recommended to give the specific value.
Reply:
We tried not to comment the results, instead, we compared the results. Meanwhile, we give the specific value. Please find them in new-versioned manuscript.
Minor Concerns:
1. IDEEA for the first time used in the manuscript in line 80 should be given the full name.
Reply:
Thank you for your advice. The Intelligent Device for Energy Expenditure and Activity (IDEEA). This full name has been given in the manuscript.
2. dTMT needs more than 2-year education (line 91).
Reply:
[bookmark: _Hlk18792550]Thank you for your question. Participants enrolled to complete dTMT should have the educational level of more than 2-year of preliminary school, otherwise, they might have difficulty in reading and recognizing Chinese characters in dTMT-B. This point has been changed in the manuscript. 
3. WTMT needs more than 2-year education (line 154).
Reply:
[bookmark: _Hlk18792512]Thank you for your question. Participants enrolled to complete WTMT should have the educational level of more than 2-year of preliminary school, otherwise, they might have difficulty in reading and recognizing Chinese characters in WTMT-B. This point has been changed in the manuscript.
4. The sentence should be "CAUTION: The WTMT-B was performed only once. (line 187).
Reply:
Thank you for your suggestion, it is corrected.
5. The sentence should be "NOTE: All the WTMT-B data are gathered in IDEEA microprocessor/storage unit automatically. (line 194)"
Reply:
Thank you, it is corrected.
6. "Step duration (line 202)" should be "stance duration".
Reply:
Thank you, it is corrected.



Reviewer #2: 
The paper presents the dTMT and WTMT, both of which are interesting tests, however, it would be helpful to more clearly explain which processes each suggested outcome measure is thought to index, potential uses of the tests, and the relative benefits of these two tests compared to the standard TMT. Detailed comments are provided below.
At present, there are numerous grammatical and linguistic mistakes, which in some cases make the text hard to understand - the text would benefit from being sent to an English language editing service.
Reply:
Thank you for your advice, you are right. Our manuscript has been improved by an English language editing service.
Abstract
28 - Could you provide specific examples that demonstrate the additional information provided by the digital and walking TMT compared to the traditional version?
Reply:
Yes. dTMT-B score was not only found to be correlated with paper-based TMT-B. Furthermore, “dTMT-B’s additional data might be able to help monitor other cognitive process not captured by paper-based TMT alone” (Line 14-15, Page 1) [1]. The investigators focused on the correlation between dTMT performance with other cognitive tests, such as Telephone Interview for Cognitive Status score and Frontal Assessment Battery score, both of correlations were positive, though small (r=0.10 and r=0.29, respectively).
For WTMT, additional information was provided compared to traditional version, for example, predicting the risk of falling. Alexander and colleagues reported a strong correlation between W-TMT results and P-TMT B, in the discussion section, the author suggested that “Future studies should test whether W-TMT (especially W-TMT B) performance ultimately predicts falls better than does P-TMT B, particularly in falls with an environmental hazard etiology.”(Line 57-60. Page1561) [5]. In 2010, Yamada et al found that WTMT, rather than traditional TMT, was significant related to falling (odds ratio 1.160, 95% confidence interval 1.107~1.214; p＜0.001) [6].
These examples might be not suitable to add in Abstract section, I wonder if they are recommended to be presented in other section of manuscript?

Introduction
47 - what is meant by 'find more details in other perspectives'?
Reply:
What we wanted to say was that “find details under different conditions, such as driving and walking.”
We have changed it in new-versioned manuscript.
Thank you.
47-49 - this sentence is difficult to understand
Reply:
I am sorry the meaning of this sentence is hard to understand. Most TMT are design as 25 numbers (1-25) for TMT-A (shown in Fig S1), and 13 numbers (1-13) plus 12 letters/characters (A-L) for TMT-B (Shown in Fig S2). However, there still exist many TMT that are designed with fewer numbers or letters/characters [7,8]. These TMTs are confirmed to have high validity and reliability. They are designed with fewer numbers and characters because the protocols are different. 
“Of note, some investigations conferring different less numbers than the standard TMT are also reported to be of high validity and reliability.” is changed as “Of note, some investigations conferring different fewer numbers than the standard TMT are also reported to be of high validity and reliability.”
52 - can you provide examples of what other properties (besides executive functioning) the TMT is thought to index?
Reply:
Many TMT evaluating system have been invented to index cognitive dysfunction properties besides executive dysfunction. For example, some researchers investigate the errors in TMT, and they found that errors in TMT-B was associated with mental tracking and working memory in psychiatric disorder patients [9]. Another group from Greece suggested derived TMT scores (TMT-(B−A) or TMT(B/A)) as indices to detect impairment in cognitive flexibility across the adult life span [10]. 
Thank you for your question, we have added these examples into the manuscript.
53-58 - do these alternative scoring methods provide additional information or some other benefit compared to the standard scoring method (time taken to complete the task)? Are there any particular problems associated with using the alternative methods?
Reply:
[bookmark: _Hlk19686486]Yes, these alternative scoring methods provide additional information. For example, ①the utility of TMT error analysis could reveal cognitive deficits not traditionally captured using completion time as the sole outcome variable in schizophrenia and depression patients [9]; ②the lack of any significant intermanual difference was helpful to discriminate the cognitive dysfunction from the influence by the motor disorder [11]; ③derived Trail Making Test indices were able to detect impairment in cognitive flexibility across the adult life span, and minimize the effect of demographics and other cognitive background variables [10].
We have added these points in the manuscript.
In my opinion, the problem for using alternative scoring methods is rare, except for the lack of well-accepted procedure and fitted cutoff score. Considering the advantages of alternative scoring methods, more future studies are need to investigate the validity and reliability of alternative scoring system in different types of patients. 
61-63 - what kind of additional information? Can you be specific about how the dTMT/WTMT is more useful than the traditional paper and pen version?
Reply:
The examples are introduced previously.
dTMT is found to be helpful to monitor other cognitive process not captured by paper-based TMT alone. For example, dTMT performance, instead of paper-based TMT, correlated with other cognitive tests, such as Telephone Interview for Cognitive Status score and Frontal Assessment Battery score [1]. 
For WTMT, Yamada et al found that WTMT, rather than traditional TMT, was able to predict the risk of falling [6].


Protocol
76-83 - could alternative equipment be used?
Reply:
Yes, other equipment could be used. 
[bookmark: _Hlk19651247]For dTMT, Microsoft Surface Pro 3, 4 and 5 and other windows system computer with digital pen are also compatible for the software. We have added it into the manuscript.
For WTMT, maybe GAITRite or other gait analyzer could be helpful, but no other gait monitor was introduced by other researchers as far as we know. As a result, we did not add other equipment into the manuscript.
Thank you for your recommendation.
89 - 2.1.1 not 2.1.2. Would it always be necessary for researchers to collect all of this information? It is not necessary for scoring the test, so surely it would depend on what their specific research questions are?
Reply:
Thank you for your suggestion, we have deleted repeated collection of information.
94 - young people may also need glasses. Should there be a step in the protocol to check that participants can easily read the numbers on the screen?
Reply:
[bookmark: _Hlk19562436]Actually, we only collected aged subjects in current study. But you are right, we decided to add a step in the protocol to check if the participants can easily read the numbers on the screen, because even young people may also need glasses. 
Thank you very much for your suggestion, and we have changed it in manuscript.
98-104 - this makes it sound like the participant completes a practice version of the test before the researcher explains it to them. Is this correct? How are participants told to balance speed and errors in their completion of the test?
Reply:
Yes, dTMT is quite a simple test, and most participant could understand what they need to do in our clinical practice. Participants are encouraged to draw the line fluently, but as accurately as possible, but no priority is given as paradigm, since dTMT is a kind of dual task, and priority or trade-off is not investigated in our study. Actually, in some other studies about dual task, a definite priority could be chosen by researchers in their paradigm [12].
106 - what happens when a participant makes an error? In general, there is very little information about what the dTMT program actually does - more information is necessary.
Reply:
Just as Line 111 mentioned, if the circle is not correctly lined, its color would be unchanged, and the subjects need to re-line it from the last circle. Thank you.
109 - what are participants told about the dTMT - B and how it differs from the dTMT-A?
Reply:
They are told to complete another TMT with numbers and Chinese characters. Different points from dTMT-A are shown in section 2.2.2
121-144 - why are all these results needed? What information do they provide?
Reply:
As shown in introduction (Paragraph 3), these results are based on the different TMT evaluating system.
132 - unclear what is meant here.
Reply:
Tolerance area was reported and designed by Dahmen’s study [1] at first time, so as to replicate the paper-based TMT as much as possible, since the tip of stylus was thicker than a pen in their study. And this digital design was proved to be quite good for healthy aged individuals. However, in our study, those subjects with MCI who showed cognitive dysfunction were recruited. We found the MCI patients sometimes pause in tolerance area quite obviously relative to the subjects with normal cognitive function. As a result, we conserve this design, and checked, calculated and compared the time inside the tolerance circle. Our preliminary results showed that this is sensitive index, especially in dTMT-B. 
Actually, for digital version of Clock Drawing Test, the similar design existed too. Analysis of paucity during drawing (so called Post-clock face circle latency, Pre-1st hand latency, Pre-2nd hand latency, etc) was also found to be a sensitive method for the discovery of cognitive decline [13].
144 - which confounding factors? How would replaying the TMT help to control for them?
Reply:
Sorry, this sentence should be deleted.
147 - WTMT, not dTMT
Reply:
You’re right. It’s a mistake
152-153 - same comment as for 89.
Reply:
Thank you once again for your suggestion, we have deleted repeated collection of information.
154 - why is a 2 year education needed? What is considered a sufficient visual disability to exclude someone from the task (e.g. using glasses?)
Reply:
Thank you for your question. Participants enrolled to complete WTMT should have the educational level of more than 2-year of preliminary school, otherwise, they might have difficulty in reading and recognizing Chinese characters in WTMT-B. This point has been changed in the manuscript. 
For the similar reason, basic visual ability is needed, since the WTMT needs area of 4 meters ×4 meters. Researchers need to ensure that participants can easily read the numbers on the floor.
167 - are there any practice tests for the WTMT. If not, why not?
Reply:
Thank you for your advice.
As far as we know, practice tests for the WTMT in some researches are rare (or, only a straight walk before WTMT was designed) [5,6], for other researches, there existed a small practice test (not a whole WTMT) for the participants to familiarize the condition [14,15]. We did not design practice test for WTMT, because we have asked the participants to walk straight for a few steps (about 5-15 steps) to confirm the comfortability after IDEEA device was worn.
173 - how can a researcher 'confirm the safety of the subject'?
Reply:
Clinically, physicians would find the risk of falling of patients with MCI and PD through examination and interview [16,17]. Some questionnaires and rating scales are also helpful for researchers to find out the possibility of subjects’ risk of falling (eg. Downton Fall Risk Index, Fall Risk Index) [18,19]. The reason for confirming the safety of the subject is that dual task walking is regarded as a “brain stress test” [20]. As we know, stress could cause gait disorder and increase the risk of falling for elderly [21].
175 - how is this pause accounted for in terms of the results of the WTMT? How valid/reliable are the data from the IDEEA?
Reply:
We ask the participants to make a 5-second step pause, so as to be helpful for us to analyze the data collected by IDEEA easily. Actually, IDEEA has its own time system, which could be a authorized method for us to discriminate which data were from the WTMT. We make a step pause just for the researchers could easily get the data. It’s not a step indispensable. Just for the convenience. 
187 & 194 - WTMT-B, not WTMT-A
Reply:
Thank you, it’s my mistake, and I have corrected it.
198-209 - why are all these results needed? What information do they provide?
Reply:
These results are collected variables that IDEEA provided. Basically, they are all about length and duration. They can give us information in detail, which have more accuracy compared with other researchers using “simple time measurement” (Line 51-54, Page390) [6].
211-218 - would be better placed under 'representative results'. Have these data been published elsewhere?
Reply:
[bookmark: _GoBack]Thank you, we have placed it under representative results section. These data have not been published yet.
Representative results
What do the results actually tell us? This is not currently explained anywhere in the manuscript.
Reply:
Thank you for your question.
We wanted to show the results of three groups of participants when they complete dTMT and WTMT.
We tried to compared the variables of participants of each group, and find obvious differences by using modified TMT.
 As a whole, dTMT and WTMT could captured more information that cannot be discovered by traditional TMT.
We just re-built the Representative results, please find them in new-versioned manuscript

Discussion
255-260 the benefits of the dTMT/WTMT compared to the traditional TMT should be more clearly outlined e.g. that the dTMT doesn't take much longer than the traditional TMT is not a benefit, instead it suggests that there is not a substantial deficit (in terms of time) with the dTMT.
Reply:
You are right, thank you for your explanation. We have rearrange the paragraph in the new-versioned manuscript.
263-264 - what does this mean for the validity/reliability of the test?
Reply:
The validity/reliability of the test has been analyzed by group colleagues of Fellows [22].
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