Response to Reviewer 1 Comments


Point 1: The introduction lacks critical literature reviews in EEG data on behavioral inhibition/conflict resolution, which seems to be the focus of this manuscript. The study should be theoretically motivated.
Response 1: Thank you for your comments. Referring to all reviewers’ opinions, we thoroughly revised the introduction part. Please review again the revised introduction part. In this revision, we proposed to introduce our modified RPS paradigm as one of the important stimulus-response (S-R) mapping paradigms and to summarize the main results of past neuroimaging studies on this paradigm to reveal specific neural substrates underlying the cognitive control to inhibit habitual behaviors. Of course, we introduce the EEG studies on this cognitive process. However, unlike neuroimage studies such as fMRI and fNIRS, there is no EEG study that mainly adopt the RPS paradigms. Therefore, we introduced the characteristics of theta oscillations in EEG signals to cognitive control by using other paradigms. We thought that this logic of introduction part led to our goal in this study. 

[After - page 1, line 29 ~ page 3, line 32; Introduction]


Point 2: The authors may need to be consistent about whether to include BRPS in the reporting. Currently, while they included the BRPS condition in the spectral analysis, the RT and accuracy information was not reported.
Response 2: We thank and agree with your indications about the BRPS condition. 
According with your opinion, we made up for the relevant RT and accuracy analyses in the BRPS condition and added it to this revised manuscript. First, the figure 3a that newly added in this revision illustrated the difference in RTs between the BRPS and CRPS. There was significant difference in the RTs between BRPS (without a RPS goal) and CRPS (with a specific goal to win or lose the game). We also wrote the RT information on the manuscript as below. Second, we added the accuracy information (lose, draw, and win rates instead of success rates) in the BRPS. Success rates in both CRPS conditions did not defined in the BRPS because the BRPS has not specific goal-directed behaviours. 

[After - page 8, line 14-21]
For the RT analyses, we compared the differences in RTs between the BRPS and the CRPS, to clarify how the different RPS task conditions affect RTs. RT data were separately aggregated and represented as frequency histograms with gaussian fitting as illustrated in Figure 3a. The average and STD were -0.5±0.172 sec for the BRPS and 0.245±0.155 sec for the CRPS (where movement onset was set as 0 sec). Note that the RT defined in this study was the immediate time of subjects' hand movement detected by the kinetic signals. So the mean of RT in the BRPS was faster than the time of action cue because most of subject started to theirs' action before the onset time of auditory action cue in the BRPS.

[After - page 8, line 34-38]
Concomitantly, we could obtain the win, draw, and lose rates instead of success rate in the BRPS, because there was no goal-directed behavior. In the BRPS, the average and STD were 0.343±0.084 for the lose rate, 0.329±0.058 for the draw rate, 0.333±0.064 for the win rate. As expected, there was no statistical difference among them.


[Before]
[image: ]
Figure 3. Statistical results of behavior data. A) Response time for the LCRPS and WCRPS for the first and second blocks. B) Success rates for the LCRPS and WCRPS for the first and second blocks. In (left) "L1" indicates the first LCRPS block, "W1" indicates the first WCRPS block, "L2" indicates the second LCRPS block, and "W2" indicates the second WCRPS block; (right) the means and standard errors of the LCRPS and WCRPS for the first (red) and second (blue) blocks.

[After - page 8, line: 43 ~ page 9: line 4]

[image: ]
Figure 3. Statistical results of behavior data. (a) Two distributions of response times to RPS action in BRPS (black color) and CRPS (green color), respectively (b) Response times for the LCRPS and WCRPS for the first (red) and second (blue) session. (c) Success rates for the LCRPS and WCRPS for the first (red) and second (blue) session.


Point 3: The difference in theta oscillations between LCRPS and WCRPS conditions seems to be related to a difference in how long the participants took to respond to these conditions. Can differences in RT be effectively controlled to show more fundamental cognitive effects (e.g. align epochs to the response)? An increase in phase synchrony can be caused by overall more activity. How can the authors disentangle these two?
Response 3: First of all, we agreed with your opinion that the differences in RT definitely made the differences in the characteristics of theta oscillations. A little bit more concisely, what is difficult to perform delays RT and increases power and phase synchrony in the theta oscillations. Therefore, as addressed in the discussion, cognitive control to inhibit habitual behaviour in both LCRPS and WCRPS strongly modulates the neural dynamics of theta oscillations. However, as addressed in the Result and Discussion parts, activations of power and phase synchrony in theta oscillations were some difference characteristics. Global theta phase synchronization preceded local theta power because phase synchronization plays on the neural communication before the specific regions were activated to perform the corresponding cognitive processes.
Next, we understood your questions about 'align epochs to the response' as how about the reference point in EEG epoch was regarded as the onset of RT instead of the onset of action cue. Actually, we had conducted all EEG analyses based on two types of onset. However, the onset of RT did not show more apparent evidence, and then we found that the onset of RT caused some baseline problem. Because the baselines that defined on the basis of the RT onset were not stable duration compare to the those of the action cue onset. it was so difficult to normalize the EEG signals during the RPS tasks. For the reason, we fixed the reference points as the onset of action cue in this study and it apparently showed the overall temporal variation of theta oscillations show in Figure 4,5,6,7. 

[After - page 13, line 41~42]
Generally, the functional characteristics of phase synchronization are known to play pivotal roles in neural communication and plasticity [41].





Point 4: The authors explained increased theta activity as more cognitive control, cognitive inhibition, behavior inhibition, or increased cognitive load. These are all different concepts and the explanations are largely speculative. How can the authors find support in the current data to support these claims?
Response 1: Thank you for your comments. 
In this study, we focused on the cognitive control to inhibit habitual behaviours. Unlike other past EEG studies related to the inhibition of specific behaviors established by intentional S-R mappings, the S-R mappings with in the modified RPS paradigms were established involuntarily without any effortful learning. For the reasons, we would like to reveal neural dynamics underlying some different kinds of cognitive processes within the modified RPS paradigms while the anatomical evidence was relatively revealed by past neuroimaging studies. Consequently, we addresed that this study showed some interesting findings underlying the inhibition of habitual behaviors. Irrespective of the type of behavior, cognitive control to inhibit behaviors strongly modulated theta oscillations, especially in the frontal region, locally and globally.

Point 5: Were trials included in the analyses correct trials only or all trials?
Response 1: Yes, we remove the bad trials in which failed to specific goal or exceeded 1 sec after the onset of the action cue.

Please refer the paragraph in the 2.6. EEG spectral analysis part.
[Page 6, line 39-42]
Prior to the following spectral and phase synchrony analyses, we first removed “bad” EEG epochs by checking whether a trial represented a failed mission or whether the corresponding RT exceeded 1 sec after the onset of the action cue. Only the remaining “valid” EEG epochs were used for further statistical analyses.


Point 6:
Minor:
The authors used the word “highly” many times, e.g. as in “highly modulate” or highly reflected”. I recommend changing to more appropriate wording
Some figures are not very legible (e.g. the vertical lines in Fig 4B)
Not sure if the last section – patents is intended.

Response 1: Thank you for your comments. 
We modified or remove the relevant sentences that used the term 'highly' a little and updated all figures including the Fig 4b. Unfortunately, we did not understand the sentence 'Not sure if the last section -patents is intended'. If you explain it more detail, we will answer as much as possible.

[Before]
Considering the special role of the frontal area in cognitive control, it is not surprising that conducting the modified RPS used here highly reflected on neural dynamics over the frontal regions specifically.

[After - page 13, line 17]
Considering the special role of the frontal area in cognitive control, it is not surprising that conducting the modified RPS used here strongly reflected on neural dynamics over the frontal regions specifically.


[Before]
[image: ]
Figure 4. Overall spectrograms for the three RPS tasks. A) Three spectrograms of overall spectral characteristics obtained from the Fz channel corresponding to BRPS (top), LCRPS (middle), and WCRPS (bottom). B) Topographies of statistical results on power differences among the three RPS tasks (one-way ANOVAs); Statistical differences are indicated by light red (p<0.05) and dark red (p<0.01) colors (FDR-corrected). In both A and B, “S” indicates the beginning of an individual trial at -1.5 sec, and “1” and “2” indicate the first and second preparatory cues at -1.0 and -0.5 sec, respectively. “A” is the action cue occurring at 0. “E” indicates the end of the trial at 1.0 sec.

[After - page 9, line 24-31]
[image: Calendar

Description automatically generated with low confidence]
Figure 4. Overall spectrograms for the three RPS tasks. (a) Three spectrograms of overall spectral characteristics obtained from the Fz channel corresponding to BRPS (top), LCRPS (middle), and WCRPS (bottom). (b) Topographies of statistical results on power differences among the three RPS tasks (one-way ANOVAs); Statistical differences are indicated by light red (p<0.05) and dark red (p<0.01) colors (FDR-corrected). In both A and B, “S” indicates the beginning of an individual trial at -1.5 sec, and “1” and “2” indicate the first and second preparatory cues at -1.0 and -0.5 sec, respectively. “A” is the action cue occurring at 0. “E” indicates the end of the trial at 1.0 sec.
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