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	Reviewer 1 (Anonymous)

	Basic reporting

	This paper examines how patients at an early stage of Parkinson disease can update their spatial representations during eye movements, and whether this ability correlates with the integrity of the dopaminergic system. Although the topic is interesting, the paper has important limitation.

	Experimental design

	My main concern is about the analysis model. I am not convinced that this is the best model to apply to these data. In many cases, the data from patients and controls are very similar. I do not understand how the differences come from.
We have done our best to clarify our approach in the revision (p. 12, lines 282-287). We used linear mixed effect regression models on single-trial data to see if group averages differ. The advantage of these models is that they, for example, take into account within-participant variation in the dependent variable. This means that the regression model can estimate how accurate individual participants’ estimates of the mean are, which allows for more accurate estimation of e.g. group-level differences (please see e.g. Baayen, Davidson, & Bates, 2008 for further discussion of the advantages of the approach). Standard fixed-effects regression models only consider one data point per participant (typically the mean), which neglects the hierarchical nature of the data (observations come from participants, which belong to groups).

	Validity of the findings

	Another major issue is about the sample and the use of medications. The sample is small and very heterogeneous, subjects were on different medications and one person did not take any medication. This is an important limitation of the study because the different drugs may have different effects in the eye movements control.
This indeed is important and we point out in the Discussion that “the sample size of our study was small and possible confounding effects of medication cannot be ruled out” (p. 24, lines 567-568), and strong conclusions cannot be based on our data alone. We need to emphasize also that 11 out of 14 patients went through a 12-hour medication wash-out period before participation (practical off), one patient was unmedicated and only two patients chose to take their morning PD medication. Therefore, we consider unlikely that acute medication effects were involved in the described effect. In the revised manuscript, we have more carefully explained these issues (Methods; pp. 7-8, Lines 181-184; Discussion: p. 24, lines 567-570). Importantly, our manuscript is the first to systematically examine changes in corollary discharge in PD. Thus, we are dealing with a novel approach and a pilot-like study whose generalizability and detailed results will be verified/determined by further studies. 


	Comments for the Author

	Comments (in order of reading):
The introduction is exhaustive, however it is too long. I would suggest to the Authors to shorten it focusing on main issues, especially section 1.2.  
We agree that the Introduction was rather long in the previous version. We shortened the Introduction (it is now a little over a ½ page shorter than before)

Line 121: “CD signals…” please define before using abbreviations.
Corrected.

Line 186-187: this is an unusual way to indicate the sample. Please write “8 women, 6 men and 7 women, 7 men”. Also, please provide age information for both sexes separately. 
Corrected

Line 203: medication. 11 subjects did not take medications on the morning of the test, 2 patients took medications and one patients did not have medication prescription. How can the Authors be sure that interrupting the medication on the same day of recording is sufficient for avoiding a pharmacological effect? In addition, some subject did not interrupt medication, so there could be mixed effects in the results. Also, patients were on different medications. Again, some effect could be due to the specific drug.
We agree that medication-related effects cannot be completely ruled out. However, as now noted in the Methods of the revision, “Because the majority of the patients were on 12-hour medication break, these patients can be considered an OFF phase. A voluntary break in medication was encouraged because we assumed that PD medication may counteract the possible deficits in CD.” (p. 8, lines 181-184).  We also note in the Discussion that “possible confounding effects of medication cannot be ruled out. However, because out of 14 patients only two chose to take their morning medication, we consider unlikely that acute medication effects were involved in the described effect.” (p. 24. Line 570-573). Thus, we are not saying that we can this way eliminate all pharmacological effects, only that PD medication may relieve the deficits in action monitoring. Nevertheless, in clinical PD research, it is seldomly possible to investigate de novo unmedicated patients. The usual solution is to put patients in a practical motor off-state by inducing a 12-hour drug holiday before the trial. Given the plasma half-lives of levodopa and other dopaminergic medications, it is probable that the duration is sufficient to erase acute pharmacological effects of the drugs. As the reviewer points out, it is still possible that there were unknown long-duration pharmacological effects that could have had an effect on eye movements. This cannot be ruled out and we have explained this in the discussion of the revised manuscript.

Line 217: “We assumed that…” Did the Authors mean, “hypothesized”?  
Yes, corrected

Line 245: please write “round white target stimuli with the dimension of 0.6⁰ were presented on a black background. Please specify the target intensity. 
In the revision we report that “round white (45 cd/m2) target stimuli with the dimension of 0.6 were presented on a black (3 cd/m2) background (i.e. Weber contrast = 46.6).” (p. 9, lines 217-218)

Line 246: Please specify the type of eye tracker and the sampling rate of recordings.
Apparatus is reported on page 11 (lines 253-256): “Eye movements were recorded using EyeLink 1000 eye-tracker (SR Research) that was operated using the EyeLink Toolbox (Cornelissen, et al., 2002). The eye movement registration was done monocularly, typically for the right eye, using 1000 Hz sampling frequency.”

Line 252: 16 degrees is a big distance for making an accurate saccade. Did the Authors consider this aspect?  
We assumed that small deficits in CD would be better detected with relatively large amplitude saccades. Of course, one can argue that the length of the saccades was so long that CD deficits remained hidden under the variation in saccade end points. We thank the reviewer for this good point. It is possible that the length of the saccades was so long that CD deficits remained hidden under the variation in saccade end points. However, we assumed that small deficits in CD would be better detected with relatively large amplitude saccades. Previous studies have used 10-12 degree saccades (e.g. Thakkar et al., 2015; Joiner et al., 2010). 

Section 2.2 needs to be shorten and rewritten. There are quite a few repetitions. For example, there are two paragraphs explaining the double saccade task used in this and previous studies (see lines 227 and 254). These two sections can be merged for a better reading.
We have rewritten parts of Section 2.2. to make it clearer.

Line 260: were the trials randomly presented?
This was not mentioned in the original manuscript, but in the revision we note that the three conditions were presented in blocks, and the order of the blocks was counterbalanced (Methods, p. 10, lines 240-241). We chose a blocked design to minimize the differences in allocation of selective attention between the conditions. That is, it the conditions would have been in random order, the participants could have tried to detect target specifically during fixations, for example. This would have led to stronger decreases in visual thresholds during saccades (i.e. seemingly stronger saccadic suppression). In contrast we wanted to focus on the “active”, low-level saccadic suppression. That is, how much perceptual detection thresholds increase in situations where the participants know approximately when the target will be presented.

Line 293: the time between the scanning and the test is very long and variable, a lot of changes could happen between 8 and 29 months. Did the Authors consider this aspect? 
Dopamine transporter (DAT) binding a relatively stable parameter which has been reported to decrease on average 1-5% per year (Kaasinen, et al., 2015; Pirker, et al., 2002; Priker, et al., 2003). This is a relatively small change, for example, when compared to interindividual variation, and thus unlikely to account for the observed results. This is noted on pages 11 (lines 260-264). Importantly, all of the reported results were also replicated when the models included a covariate denoting the delay between scanning and behavioral testing (note on page 11, line 265-267)

Line 324: as I said before, I am not convinced that this is the best model to analyze these data. Indeed, this model has no standardize way to calculate the significance level. The use of the confidence interval could result difficult for general readers.  
Let us explain why LMMs were chosen (please, see also e.g. Baayen, Davidson, & Bates, 2008). First, as noted in the manuscript (p. 12) “The analysis is performed on a single-trial basis rather than on aggregated means, which means that the mixed-effects models take into account within-participant variation in addition to group-level effects”. This means that the statistical analysis takes into account more factors and sources of variance than simple ANOVAs, for example. Simple ANOVAs completely disregard the variation in observations (in a single participant), and only looks at participants average data. Second, because we were interested in multiple factors and their potential interactions, but our sample size is limited, we need to use all the available data for the analysis – i.e. single trials. When single trials are used, hierarchical models such as LMM are necessary (single trials are nested within participants, and this variation needs to be taken into account). Third, the size of the effect can be checked from the t values in addition to CIs. The fact that calculating p values is not straightforward in LMM is not evidence that the statistical method is unreliable or otherwise unfit. If the publication of these results depends on reporting the p values we will report them, but otherwise we would feel more comfortable not reporting the p values. Recent statistical guidelines emphasize reporting effect sizes and confidence intervals instead on p values (e.g. Cumming, 2014, The new statistics).

Line 346: Authors should write a detailed legend of table 1. It is not clear to me which data the Authors are reporting here, is it a questionnaire? Is it a recorded data? How was it measured? Please describe.
We agree that this was quite vaguely formulated in the previous version. We now note in the title of Table 1 that it presents “Questionnaire results: Visual symptoms (mean and SD)”. The details about the questions included in the questionnaire are reported in the Methods section, on page 8 (lines 195-201). The paragraph where we report the results of the questionnaire and refer to Table 1 was modified and now says “Visual symptoms (questionnaire)” (p. 13, line 313)

Line 360: please write a detailed legend for figure 2. What does the horizontal line mean? What does the dots mean? Which data are represented by the bar? 
These are standard box plots (with R function boxplot) with default settings. We now note in the caption that “The bold horizontal line depicts the median and the box is the interquartile range. The ends of the whiskers are 1.5 times the interquartile range from the box. Circles are outliers.” We use boxplots instead of bar/linecharts because boxplots give a better picture about the distribution of observations.

Line 368: from the data presented in figure 3 it looks like patients and controls have a similar oculomotor behavior in response to the two task. Tables 2 and 3 show the errors made by PD patients, the authors should show the errors made by controls to demonstrate that the two groups differ. 
Tables 2 and 3 show the results of the linear mixed-effects model. That is, the regression analysis examined how group (PD vs. control), condition (baseline vs. memory), target (T1 or T2), or their interactions affected performance. This is noted in the titles of the tables, in the Results section (p 15, lines 347-348), and in Methods section (p. 12-13, lines 289-392). Hence, for example, the predictor “PD” refers to the effect the group had on the dependent variable (error in fixations, noted also on the title of the Table). The interpretation of the results of the regression models in provided in the text – i.e. we explain in the text what these effects mean in practice. For instance, we explain that “whereas the fixations to the second target were biased horizontally outward in the memory condition in control participants (Target x Condition: t = 2.19), similar effect was not observed in the PD patients (PD x Target x Condition: t = -2.19). (p. 13, lines 355-357)”

Line 400: data from control participant are not shown in tables 2 and 3, or at least this is not explained anywhere. I strongly suggest the Authors to pay much more attention at the figures/tables explanation.
The Tables show the results of the statistical analysis. This is noted in the title of both tables. The analysis procedure is also explained in Methods section (p. 12-13, lines 289-392), and the findings explained in the Results section (p 15, lines 347-348). The data is presented in figures. 

Line 426: which unit is represented in figure 4 x axes?
We now note in the caption that “Unit of error is pixels (22 pixels is ~1⁰).”

Line 441: “This suggests that the observed correlations represent true correlation with the integrity of the dopaminergic system…”. It is difficult to believe this statement because the subjects were on medications; furthermore, different medications. See also my previous comments.  
Thank you, this paragraph included a typo and should have read: “Importantly, all correlations with DAT binding were also observed when the MDS-UPDRS motor score of the participant was included in the model. This suggests that the observed correlations represent true correlation with the integrity of the dopaminergic system, and not just the severity of the PD”. What we want to say, thus, is that the correlation between DAT binding and fixation errors does not simply reflect the severity of the motor symptoms: even when primary motor symptom severity is taken into account, the observed correlation between DAT binding and errors holds. 

We agree that medication could have some influences on the results, this is now explicitly stated in the Discussion on page 24 (lines 569-571): “possible confounding effects of medication cannot be ruled out” 

Line 475-480: the Authors state that there is not a difference between PD patients and controls, however when “side” is taken into account the analysis model shows differences. I think that this is not the best way to analyze the data. The “side” should be inserted in the model as a factor.  
The side was indeed included as a predictor in the model as noted on page 16 (lines 375-378). Here, the analysis is restricted to the group of patients because obviously one cannot indicate the “side of primary motor symptoms” in control participants. 

Line 488-491: here the Authors state that the laterality is included in the model. This is very confusing (see previous comment). I suggest the Authors to pay much more attention to the description of the model. 
This is now more clearly explained in the manuscript. We note that because motor symptoms in PD are often asymmetric, “we analyzed if the accuracy of fixations was modulated by whether the targets were presented ipsi- or contralaterally with respect to the predominant motor symptoms. This analysis was restricted to PD patients who showed asymmetric symptoms (N=12). The model included factors condition (Baseline vs. Memory), target (T1 vs. T2), a laterality factor (indicating whether the targets were presented ipsi- or contralaterally with respect to primary motor symptoms), and their interactions” (p. 16, lines 375-378). Finally, when we speak of laterality in the manuscript we always specify that it is about “laterality with respect to the side of primary motor symptoms”.

Line 500: The Authors state that the β coefficient of the Ideal angle × UPDRS interaction is much smaller than the the β coefficient of the Ideal angle × DAT interaction, but the relative size of this effect is very similar due to the fact that the range of motor MDS-UPDRS scores is much higher than DAT values. The analysis should not work like that. Your model should tell you if there is an effect or if there is no effect, you cannot interpret the results according to the values of the data, this is wrong. If the scores are much higher than the DAT values and you do not rely the data to the result, your model could be wrong. 
We understand the reviewers concern, and it is based on a common misunderstanding of results of regression analysis. This is exatly the reason we felt it was important for us to explicitly note this, and also visualize the result in figure. Let us explain in detail: In regression models the Beta values (i.e. estimates) represent the amount of change in the dependent variable when the value of the predictor is increased by one unit. The range of values is much higher in the MDS-UPDRS variable (range 11-95) than in DAT binding (1.05-2.8). Hence, one unit change in UPRDS has much less influence on the predicted value than one unit change of DAT binding (one unit change in DAT binding is a very large difference, so it has a large influence).  When we use a “comparable metric”, and calculate how much a change the size of two standard deviations in UPDRS and DAT binding influence the predicted value, we see that the two have comparable effects. This is visualized in Figure 8A (red and blue dashed lines, they largely overlap each other). Note that the results Fig. 8A are the same Beta values as we reported in the manuscript.

We wish to also note that statistical analysis does not simply work by showing that “there is an effect or if there is no effect”. A very systematic effect (i.e. p value is very small), could represent a very large influence or very small influence (i.e. large or small effect size). Please see e.g. Greenland et al. (2016). Statistical tests, P values, confidence intervals, and power: a guide to misinterpretations (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4877414/).

Line 507 and figure 8: see my previous comment; I am not convinced that this is correct. 
Please, see our previous reply.

Figures 7 and 8: what does the dashed lines mean? Is it the fitted effects from the model? Please describe.
In the revision, figure captions and legends have been modified so that it is now clear what the lines represent.

At line 537 the Authors say “our results suggest that in addition to general impairments in making saccadic eye movements, the patients may also have deficits in monitoring their eye movements”, while at line 556 they say “The result may indicate that the deficit is not in the internal monitoring of movements”. To avoid misinterpretation, I would suggest to rewrite one of the two sentence or to better explain what the Authors mean with “internal”. 
We appreciate this comment. We have rewritten some sentences to more precisely convey our message. For example, the second sentence the reviewer is referring to now says: “The result may indicate that the deficit is not in the CD, but instead reflects some more general impairment in encoding or updating spatial representations.” (p. 22, lines 524-525). We also contemplated on completely removing the term “internal”, and just saying “monitoring of movements”. However, we feel that the term “internal” helps to emphasize the fact that the participants/patients use their own model of the world and their own actions to monitor their behavior, not external stimuli or proprioception. 

Line 574: See my previous comment about “internal”. It is better to avoid the use of “internal”, please be more specific. See also line 537 and 582.
We have re-written some sentences especially in the Discussion to more precisely convey our message. We have either removed the term “internal” from these sentences or instead of “internal monitoring” we refer directly to CD.

Line 583: “…it also remains possible that the contrasting findings in schizophrenic patients and PD patients reflect different mechanisms”, this is obvious, please delete it or be more specific.
True, this sentence was deleted.

	

	Reviewer 2 (Anonymous)

	Basic reporting

	This study examined the ability to monitor eye movements possibly through corollary discharge signals of patients with Parkinson’s disease. Patients and healthy control participants performed a double-saccade task in which subjects were required to saccade to two briefly presented target sequentially. In this task the second saccade should be made taking into account the information about the errors of the first saccade. The same task was also performed with visual guidance.
Two main results are described.

First, the patients had difficulties to perform the second saccade taking into account the error in the generation of the first saccade when the second saccade was performed towards the side that was dominant for the motor symptoms. As the authors discussed the bias in the errors of the second saccade in the Parkinson’s patients were observed in both memory and visually guided movement ruling out that the initial hypothesis that the saccade errors depended only on a deficit of internal monitoring of eye movement. To account for the errors in both tasks the authors proposed a more complicated explanation that considered the possibility of an additional problem of precision of the bottom-up information.
Thank you, this comment shows that we were not in our previous version able to communicate what we aimed to communicate. We propose that PD may involve deficits in internal monitoring of movements because the errors (in the angle of the 2nd saccade) the patients in the present study made cannot be explained by simply assuming hypometric saccades. Hence, “a more complicated explanation” is required to account for the errors in eye movements; PD seems to be more than just “a disability to produce sufficiently strong movements”. We state this now explicitly in the manuscript (p. 21, lines: 501-505).

Similarly, to previous studies it showed that a reduction in DAT binding was associate to more hypometric saccades, however it shows also a new result that the dopaminergic system can be important for eye monitoring because of the correlation between DAT binding and the amplitude of the saccade to the second target in the memory condition. However, spatial memory can also have a role for the longer duration of the stimulus presentation as discussed by the authors and the screen can be a reference frame to memorize the targets making harder to interpret the results.
We agree, and wish to mention that these issues are discussed in the manuscript (p. 24, paragraph “Limitations of the present study).

Although the analyses are appropriate, the results are difficult to interpret for the similarity of the results in the visual and memory tasks. The title reflects the interpretation issue containing a question.
Yes, this is exactly what we are trying to say: according to our results, the PD patients have deficits in monitoring their own movements, but we cannot say what mechanism causes this (CD, spatial memory deficits etc.).

	Experimental design

	Although the analyses are appropriate, the results are difficult to interpret for the similarity of the results in the visual and memory tasks. The title reflects some of the interpretation problems being formulated as a question.
Yes, we do not want to claim to have unequivocally demonstrated deficits in corollary discharge – these are tentative findings (as noted also in abstract, and discussion).

	Validity of the findings

	The interpretation of the findings should be explained better. The discussion should be improved because the interpretation of part of the results is unclear.
Line 558, “For instance, the patients may fail to assimilate visual information and information about the earlier saccade with their internal model of the world.” It is not clear this part. Does it mean that the bias in the angle of the saccade in the visually guided task (that is similar to the bias in the memory task) might be explained by a difficulty to assimilate visual information, while in the memory task the problem concerns eye movement monitoring? It is not clear to me.
The Reviewer is correct that the sentence about “assimilating visual information” was unclear, and actually unnecessary, and was removed from the revised version. The sentence was meant to refer to the model by Friston (e.g. 2012) where a model of the world is updated by incorporating both external (visual stimuli, proprioception) and internal (predictions about the results of motor actions) factors. 

Line 636, “Our results provide preliminary evidence that the patients may have impairments in incorporating information about previously made movements and incoming visual information into their current, internal model of the world.” I see a problem with this statement related to my previous question. This interpretation is true only in the visually guided task but not in the memory task. Please explain better.

We have tried to clarify our explanation for the revision. For example, on page 21 we now write that “our results suggest that in addition to general impairments in making saccadic eye movements, the patients have deficits in internally monitoring their eye movements: the angle of the saccade towards the second target was biased in a manner that suggests that the patients overestimated the length of their first saccade. That is, the errors in the angle of the second saccade cannot be explained by simply assuming that PD produces hypometric movement. We suggest that these errors reflect an impairment in monitoring their own movements. As discussed below, the which exact mechanisms explains this deficit, remains open.”

In the following chapter we propose that the mechanism which explains deficits in both Memory and Baseline conditions is Frison’s model of PD and dopamine (Friston et al., 2012): “This means that the hypokinetic movements (predictions) begin to dominate action, because feedback concerning the performed, hypometric movements (prediction errors) is not sufficiently assimilated into the current model of the world. This could lead to the fragmented, multi-step movement patterns observed in PD  (Berardelli, et al., 2001; Kimmig, et al., 2002), especially in situations where visual information is not available to guide behavior (Glicksterin & Stein, 1991; Klockgether, et al., 1995; Jobst, et al., 1997). Such mechanism could also result in an impaired ability to take into account visual information (prediction errors) when performing actions: Due to the reduced precision in incoming visual information (i.e. location of the second target), the movements towards the target will be predominated by the internal model of the patient.” (pp. 22-23, lines 537-547).

Minor comments
The part in the introduction on prefrontal cortex should be extended to include more references to previous studies that have shown monitoring signals about previous actions such as an inactivation study of Postle and Tsujimoto (2012). For a review, consider on the effect of previous movements see Genovesio and Ferraina 2014.
Other papers on the influence of previous actions that might be considered. For example, the paper in the rats’ striatum of Kim H, Lee D, and Jung MW (2013), Signals for previous goal choice persist in the dorsomedial, but not dorsolateral striatum of rats.
These papers are now cited in the Introduction, where we note that “Striatum and prefrontal cortex could also mediate action monitoring as activity in these areas have been observed to correlate with information about recent actions and goals (Tsujimoto & Postle, 2012; Genovesio & Ferraina, 2014; Kim, et al., 2013).” (p. 4, lines 93-95). 

Parietal cortex might also important for monitoring previous movements, see the paper of Genovesio, Brunamonti, Giusti, Ferraina (2007) on the influence of eye movement vectors and eye position.
We agree that parietal areas are likely to contribute to visual monitoring/stability. However, to keep the Introduction concise and somewhat easily digestible, we have not tried to give an exhaustive overview of all the areas and processes possibly involved in monitoring eye movements. Our purpose was simply to test the hypothesis that PD patients have deficits in monitoring their eye movements (not so much what exact neural mechanisms cause this possible deficit).

I suggest changing the introduction by eliminating the subdivision in subparagraphs; it does not look to follow the journal style for the introduction.
Subheadings were removed from the Introduction

Line 439, Use upper case
Corrected.



