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SUPPLEMENTARY INFORMATION 

SUPPLEMENTARY TEXT 

Automatic response detection algorithm 

In addition to our visual evaluation of response contractions, we also detected behavioral responses using an 
objective, automatized method. To do so, we created a response detection algorithm based on voltage 
variance in our two EMG channels of interest (corrugator and zygomatic muscles). This algorithm computed 
the signal variance in the 1 second pre-stimulus baseline period and compared it to the post-stimulus variance 
using sliding-windows. Our algorithm had two predefined parameters: (1) the length of the sliding window and 
(2) a constant k. If the variance in a given sliding window exceeded k*baseline variance, the algorithm labeled 
the trial as responsive; otherwise, the trial was labeled as unresponsive. We ran the algorithm with different 
combinations of parameters. We used 1 and 2 second time windows (parameter 1), based on the observation 
that a unique muscle contraction took approximately 300ms. The second parameter k was either 5, 7, or 10. 
Examples of muscle contractions and corresponding variance modulations are shown in Extended Data Fig. 
3. 

We performed two analyses based on the response scoring of the automatic algorithm. First, we compared the 
concordance of our visual scoring to the one of the algorithm in different sleep stages using different 
performance metrics (accuracy, recall, and precision). For this analysis, we considered our visual scoring the 
gold-standard. Recall (or sensitivity) corresponds, in the context of our task, to the number of correctly labeled 
responsive trials divided by the total number of responsive trials (True Positives/[True Positives + False 
Negatives]). Here, true positives correspond to trials when both the automatic and visual scoring agree that 
there was a response; false negatives correspond to trials when the automatic scoring said there was no 
response whereas our visual scoring said there was one. Precision, on the other hand, corresponds to the 
number of correctly labeled responsive trials divided by the total number of trials labeled as responsive (True 
Positives/[True Positives + False Positives]). Here, false positives correspond to trials when the automatic 
scoring said there was a response whereas our visual scoring said there was none. We then tested the 
significance of these metrics against chance-level using a 500-permutations procedure (i.e. shuffling the 
‘responsive’ and ‘non-responsive’ labels of our visual scoring 500 times, independently for each sleep/wake 
stage). We found, for all metrics and all tested sleep stages, a significant match between the two scoring 
methods, with accuracy ranging from 0.75 to 0.91. The detail of the results can be found in Supplementary 
Table S2 (for healthy participants) and in Supplementary Table S3 (for participants with narcolepsy). We then 
compared the response rate, as scored by the algorithm (blind to the visual scoring), in ON versus OFF 
stimulation periods. We found significant more responses during ON vs. OFF periods in all sleep stages in 
both populations (except in N3 for healthy subjects), replicating the results from our manual scoring. The details 
of the results based on different parameter combinations can be found in Extended Data Fig. 4. Since the two 
scoring methods were largely congruent and because we do not have a gold-standard to validate the objective 
performance of our algorithm (besides our visual scoring), we chose to keep our visual scoring for the rest of 
the analyses. 

SUPPLEMENTARY RESULTS 

Increased responsiveness is associated with increased accuracy 

Since a negative correlation between accuracy and response rate could be a sign of false detection, we tested 
the relationship between these two behavioral measures.  The relationship between the response rate and 
accuracy was evaluated at the participant level for each sleep stage and group using Pearson’s correlation. 
Only participants with at least three trials were included in this analysis. Our analyses revealed that response 
rate was positively correlated with accuracy in participants with narcolepsy during Wake (R = 0.4, p = 0.04), 
N2 sleep (R = 0.49, p = 0.015), REM sleep (R = 0.6, p = 0.038) and lucid REM sleep (R = 0.64, p = 0.001). We 
also observed a similar tendency in healthy participants during Wake (R = 0.38, p = 0.094) and N1 sleep (R = 
0.46, p = 0.062).  
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Old/New recognition task upon awakening 

After each nap, participants performed an old-new recognition task, during which they were presented with 
stimuli they heard during the preceding nap and new stimuli that were never presented during the experiment. 
Participants had to indicate whether they had heard the stimuli during the preceding session with one of the 
following responses: 1: I heard it from the dream (for example, a person from their dream saying the word), 2: 
I heard it from outside (pronounced by the computer), 3: I am not sure I heard it, 4: I am sure I did not hear it. 
They responded by pressing the corresponding button without any time pressure. The four options were 
explained to the participants during training, prior to the first session. We assessed whether participants were 
able to correctly recognize the stimuli upon awakening. We focused on participants with narcolepsy (NP) since 
they went through 5 short naps, which should make the recognition of stimuli easier than in healthy participants 
who had a longer, 100 min nap. First, we computed, for each nap, the percentage of false recognition of new 
stimuli. A stimulus was considered “recognized” if participants reported either (1) hearing it in their dreams or 
(2) hearing it from outside of their dreams while asleep. On average 8.46% of new stimuli were falsely 
recognized. Then, we assessed the correct recognition of stimuli that were previously presented in different 
sleep stages. The percentage of correct recognition was 21.9% in Wake, 15.71% in N1, 8.6% in N2, 9.3% in 
REM, and 9.43% in lucid REM sleep. This percentage of correct recognition was significantly different than 
false recognition only in Wake (p < 0.0001, z = 4.16) and N1 sleep (p < 0.002, z = 3.7). Low recognition rates 
(even in Wake and lucid REM sleep trials) can be due to several factors. First, participants had no explicit 
instruction to remember the stimuli; they were simply asked to perform a lexical decision task. Moreover, each 
nap included a high number of stimuli (60 in each nap for the NP and 300 in the nap for the HP). Recalling 
such a high number of stimuli would already be an intense challenge for fully awake participants who would 
actively try to encode the stimuli. All stimuli were only played once throughout the experiment (no repetition of 
the same stimulus) and half of the stimuli were pseudo-words (harder to encode than words). And finally, the 
memory test was performed at the end of a nap, so in most cases long after the stimuli were played. For all 
these reasons, we believe that the explicit recognition task was far too difficult. It is possible that an implicit 
test would have been more suited to detect evidence of learning during sleep (Züst et al., 2019) than an explicit 
one. 

Classical sleep graphoelements 

We quantified the occurrence of classical sleep graphoelements (spindles and slow-waves) in non-responsive 
and responsive NREM sleep trials. Given that a manual quantification could be considered redundant with the 
polysomnographic scoring, we decided to use a previously validated automatized detection algorithm30. Since 
this algorithm has not been validated in patients with narcolepsy, we only analyzed data from HP, and more 
precisely N2 sleep trials (responsive and non-responsive), as well as Wake trials as a comparison. For each 
condition and each participant, we computed the proportion of trials including at least one spindle or one slow 
wave (independently for these two NREM sleep hallmarks), in the -1000 to 8000 ms time-window relative to 
stimulus-onset. While both spindle and slow wave occurrence (as detected by the algorithm) were modulated 
by sleep stage (Spindles: Wake 15% (+/-21%) vs. N2 37% (+/-30%), F(1,12) = 5.7, p = 0.03; Slow-waves: 
Wake 0.02% (+/-0.05%) vs. N2 22.4% (+/-21%), F(1,12) = 14.3, p = 0.003), we did not find a significant main 
effect of responsiveness (Spindles: responsive 25% (+/-31%) vs. non-responsive 26.8 % (+/-24.5%), F(1,12) 
= 0.47, p = 0.5; Slow waves: responsive 0.07% (+/- 0.18%) vs. non-responsive 0.17% (+/-0.17%), F(1,12) = 
2.7, p = 0.13) nor an interaction with the  sleep stage (Spindles: F(1,12) = 0.06, p = 0.8;  Slow-waves: F(1,12) 
= 1.5, p = 0.24).  In sum, we did not find evidence for a reduced occurrence of classical sleep graphoelements 
in responsive sleep trials, compared to non-responsive ones in HP.   
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SUPPLEMENTARY FIGURES  
 
Supplementary Figure S1 Example of responses from a healthy participant during N2 sleep. All raw 
EEG and behavioral data are available on OSF (see Data Availability statement). 

 
 
 
 
Supplementary Figure S2 Example of responses from a healthy participant during N2 sleep. All raw 
EEG and behavioral data are available on OSF (see Data Availability statement). 
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Supplementary Figure S3 Example of responses from a healthy participant during N2 sleep. All raw EEG 
and behavioral data are available on OSF (see Data Availability statement). 

 
 
 
Supplementary Figure S4 Example of responses from a healthy participant during N2 sleep. All raw EEG 
and behavioral data are available on OSF (see Data Availability statement). 
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Supplementary Figure S5 Example of responses from a healthy participant during N2 sleep. All raw EEG 
and behavioral data are available on OSF (see Data Availability statement). 

 
 
 
Supplementary Figure S6 Example of responses from a healthy participant during REM sleep. All raw EEG 
and behavioral data are available on OSF (see Data Availability statement).  
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Supplementary Figure S7 Example of responses from a healthy participant during REM sleep.. All raw EEG 
and behavioral data are available on OSF (see Data Availability statement).  

 
 
 
Supplementary Figure S8 Example of responses from a healthy participant during REM sleep.. All raw EEG 
and behavioral data are available on OSF (see Data Availability statement).  
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Supplementary Figure S9 Example of responses from a healthy participant during REM sleep.. All raw EEG 
and behavioral data are available on OSF (see Data Availability statement).  
 

 
 
 
 
Supplementary Figure S10 Example of responses from a healthy participant during REM sleep.. All raw EEG 
and behavioral data are available on OSF (see Data Availability statement).  
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Supplementary Figure S11 Example of responses from a healthy participant during REM sleep.. All raw EEG 
and behavioral data are available on OSF (see Data Availability statement).  

 
 
 
 
 
Supplementary Figure S12. Total number of correct and incorrect responses in different sleep stages. 
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Supplementary Figure S13. Reaction times for words and pseudowords in different sleep stages in 
participants with narcolepsy and healthy participants. 
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Supplementary Figure S14. Stimulus-locked ERP analysis in participants with narcolepsy.  Dashed 
vertical lines indicate stimulus onset. Significant differences are indicated by yellow shade (FDR corrected p-
value<0.05, mass univariate analysis on time dimension using mixed linear models with responsiveness as the 
explanatory factor and subject ID as a random effect) 
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Supplementary Figure S15. F1-score of the Random Forest classifiers trained with the 
neurophysiological markers to classify between responsive vs non-responsive trials, in different 
sleep stages, for participants with narcolepsy (NP) and healthy participants (HP).  Blue (true classifier): 
true performance of the classifier (mean F1 score and 95% confidence intervals (error bars) across folds). 
Orange (Chance): chance-level performance computed with 500 random permutations of the data labels 
(mean F1 score and 95% confidence intervals (error bars) across permutations). Both correct and incorrect 
trials were included in the analysis. Statistical difference between true performance and chance is assessed 
using 500-permutations test (NP: Wake N= 961 from 22 participants, p = 0.002; N1 N = 505 from 24 
participants, p = 0.05; N2 N = 1537 from 23 participants, p = 0.002; REM sleep N = 587 from 15 participants, 
p = 0.002; HP: N2 N = 1339 from 20 participants, p = 0.004) Note that smallest p value obtainable via a 500-
permutation procedure is 0.002. 
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SUPPLEMENTARY TABLES 

Table S1. Details of the multiple comparisons of the response rates during ON periods in 
different sleep stages. Statistics are computed are computed separately for each sleep stage using 
generalized linear mixed model with stimulation period (ON vs. OFF) as fixed effect and subject ID as 
random effect. Post-hoc analyses are made via pairwise two-sided comparisons. An overall FDR 
correction Is applied separately to HP and NP. 

 
 
 
 

  
 
 
 
 
 
 

 

 
COMPARISON 

Healthy Participants  (HP) Participants with Narcolepsy (NP) 

z FDR corrected 
p-value 

z FDR corrected 
p-value 

Wake - N1 21.02 < 0.0001 13.47 < 0.0001 

Wake - N2 31.81 < 0.0001 31.26 < 0.0001 

Wake - N3 8.25 < 0.0001 18.20 < 0.0001 

Wake - REM 19.27 < 0.0001 21.89 < 0.0001 

Wake - Lucid 
REM 

- - 15.27 < 0.0001 

N1 - N2 11.96 < 0.0001 19.51 < 0.0001 

N1 - N3 5.39 < 0.0001 12.08 < 0.0001 

N1 - REM 6.31 < 0.0001 9.57 < 0.0001 

N1 - Lucid REM - - 2.15 0.03 

N2 - N3 3.39 0.0008 4.36 < 0.0001 

N2 - REM -2.39 0.017 -8.54 < 0.0001 

N2 - Lucid REM - - -18.11 < 0.0001 

N3 - REM -3.91 0.0001 -7.55 < 0.0001 

N3 - Lucid REM - - -11.11 < 0.0001 

REM - Lucid 
REM 

- - -7.87 < 0.0001 
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Table S2. Different performance metrics (accuracy, recall and precision) measuring the concordance 
between automatic and manual scoring of responses in Wake, N1, N2 and REM sleep in healthy participants 
for each parameter combination [Window (W) = 1 or 2 seconds. Threshold k (Th) = 5, 7, 10]. Significance level 
of each metric against their chance-level performance computed via a 500-permutations test are also shown. Note 
that chance-level accuracy was not 0.5 in sleep due to the imbalance between responsive and unresponsive trials. 
Importantly, the smallest obtainable p-value with a 500-permutations procedure is 0.002 (1/N permutations). Note 
that p value are not corrected for multiple comparisons. 
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Table S3. Different performance metrics (accuracy, recall and precision) measuring the concordance 
between automatic and manual scoring of response in Wake, N1, N2, N3, REM and Lucid REM (REML) sleep 
in participants with narcolepsy for each parameter combinations [Window (W) = 1 or 2 seconds. Threshold 
k (Th) = 5, 7, 10]. Significance level of each metric against their chance-level performance computed via 500-
permuations test are also shown. Note that chance-level accuracy was not 0.5 in sleep due to the imbalance 
between responsive and unresponsive trials. Importantly, the smallest obtainable p-value with a 500-permutations 
procedure is 0.002 (1/N permutations). P values are not corrected for multiple comparisons. 
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 Participants with Narcolepsy (NP) Participants without Narcolepsy (HP) 

 PSD |δ| PSD |α| PSD |δ| PSD |α| 

 Pre-stim Post-stim Pre-stim Post-stim Pre-stim Post-stim Pre-stim Post-stim 

Wake - N1 t =-17.84 
p < .0001  

t = -22.61 
p < .0001  

t = 24.53 
p < .0001  

t = 27.92 
p < .0001  

t = -13.68 
p < .0001  

t = -36.50 
p < .0001  

t = 21.11 
p < .0001  

t = 45.67 
p < .0001  

Wake -N2 t = -32.13 
p < .0001  

t = -34.71 
p < .0001  

t = 36.57 
p < .0001  

t = 39.84 
p < .0001  

t = -31.02 
p < .0001 

t = -76.63 
p < .0001 

t = -33.23 
p < .0001 

t = 76.13 
p < .0001 

Wake - REM t = -23.29 
p < .0001  

t = -31.98 
p < .0001  

t = 30.05 
p < .0001  

t = 37.80 
p < .0001  

- - - - 

Table S4. Statistical differences of the PSD values at alpha and delta frequencies between wake and different 
sleep stages during pre-stimulation (-1s to 0) and post-stimulation (0 to 8s) periods. Statistics are computed 
using linear mixed models with sleep stage as fixed effect and subject ID as random effect at the trial level. All p values 
are corrected for multiple comparisons using Benjamini-Hochberg procedure following post-hoc two-sided pairwise 
comparisons. 
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 K PE θ SE wSMI θ PSD |γ| PSD |β| PSD |α| PSD |θ| PSD |δ| 

Wake - N1 t = 9.88 
p < .0001  

t = 21.08 
p < .0001  

t = 12.37 
p < .0001  

t = 6.29 
p < .0001  

t = 9.54 
p < .0001  

t = 13.63 
p < .0001  

t = 25.91 
p < .0001 

t = -12.44 
p < .0001 

t = -17.95 
p < .0001 

Wake -N2 t = 27.01 
p < .0001  

t = 33.30 
p < .0001  

t = 28.90 
p < .0001  

t = 8.90 
p < .0001  

t = 17.76 
p < .0001 

t = 22.08 
p < .0001 

t = 38.66 
p < .0001 

t = -12.38 
p < .0001  

t = -32.48 
p < .0001 

Wake - N3 t = 44.86 
p < .0001  

t = 33.84 
p < .0001  

t = 39.14 
p < .0001  

t = 6.24 
p < .0001  

t = 19.70 
p < .0001 

t = 26.95 
p < .0001 

t = 31.16 
p < .0001 

t = -1.53 
p = 0.14 

t = -37.69 
p < .0001 

Wake - REM t = 13.63 
p < .0001   

t = 24.95 
p < .0001  

t = 15.78 
p < .0001  

t = 8.08 
p < .0001  

t = 10.35 
p < .0001 

t = 14.35 
p < .0001 

t = 31.50 
p < .0001 

t = -10.51 
p < .0001  

t = -23.44 
p < .0001 

N1 - N2 t = 13.30 
p < .0001   

t = 6.62 
p < .0001  

t = 12.28 
p < .0001  

t = 1.06 
p = 0.31 

t = 5.41 
p < .0001 

t = 4.82 
p < .0001 

t = 6.18 
p < .0001 

t = 2.55 
p = 0.13 

t = -9.12 
p < .0001 

N1 - N3 t = 34.63 
p < .0001   

t = 14.63 
p < .0001 

t = 27.09 
p < .0001  

t = 0.68 
p = 0.51 

t = 10.83 
p < .0001 

t = 14.36 
p < .0001 

t = 8.07 
p < .0001 

t = 8.98 
p < .0001  

t = -20.72 
p < .0001 

N1 - REM t = 3.55 
p = .0005 

t = 3.83 
p = .0002 

t = 3.29 
p = 0.001  

t = 1.71 
p = 0.1 

t = 0.90 
p = 0.39 

t = 0.88 
p = 0.39 

t = 5.48 
p < .0001 

t = -1.53 
p = 0.14 

t = -5.16 
p < .0001 

N2 - N3  t = 29.05 
p < .0001  

t = 11.36 
p < .0001  

t = 21.00 
p < .0001  

t = -0.15 
p = 0.88 

t = 7.93 
p < .0001 

t = 12.68 
p < .0001 

t = 3.95 
p < .0001 

t = 8.35 
p< .0001  

t = -16.32 
p < .0001 

N2 - REM t = -8.91 
p < .0001  

t = -1.89 
p = 0.06 

t = -8.20 
p < .0001 

t = 1.06 
p = 0.31 

t = -4.31 
p < .0001 

t = -3.73 
p = 0.0002 

t = 0.59 
p = 0.56 

t = -0.66 
p = 0.52 

t = 2.79 
p = 0.006 

N3 - REM t = -29.82 
p < .0001  

t = -10.51 
p < .0001  

t = -22.85 
p < .0001  

t = 0.90 
p = 0.39 

t = -9.53 
p < .0001 

t = -12.90 
p < .0001 

t = -2.73 
p = 0.007 

t = -7.18 
p < .0001 

t = 15.23 
p < .0001  

Table S5. Details of the multiple comparisons of neurophysiological markers in different sleep stages in NP. 
K for Kolmogorov Complexity; PE θ for Permutation Entropy in the theta band; SE for Sample Entropy; and wSMI θ 
for weighted symbolic mutual information in the theta band. Statistics are computed using linear mixed models with 
sleep stage as fixed effect and participant ID as random effect. All p-values are FDR corrected following post-hoc two-
sided pairwise comparisons. 
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 K PE θ SE wSMI θ PSD |γ| PSD |β| PSD |α| PSD |θ| PSD |δ| 

Wake - N1 t = 6.66 
p < .0001  

t = 17.12 
p < .0001  

t = 6.37 
p < .0001 

t = 6.59 
p < .0001 

t = 2.56 
p = 0.013 

t = 4.47 
p < .0001 

t = 22.52 
p < .0001 

t = -6.58 
p < .0001 

t = -13.93 
p < .0001 

Wake -N2 t = 33.86 
p < .0001  

t = 34.39 
p < .0001 

t = 34.53 
p < .0001 

t = 10.79 
p < .0001 

t = 22.36 
p < .0001 

t = 13.18 
p < .0001 

t = 25.37 
p < .0001 

t = -6.06 
p < .0001 

t = -31.23 
p < .0001 

Wake - N3 t = 38.01 
p < .0001  

t = 23.42 
p < .0001 

t = 29.93 
p < .0001 

t = 5.92 
p < .0001 

t = 13.96 
p < .0001 

t = 14.74 
p < .0001 

t = 20.26 
p < .0001 

t = 4.52 
p < .0001 

t = -26.74 
p < .0001 

Wake - REM t = 24.34 
p < .0001   

t = 20.19 
p < .0001 

t = 26.56 
p < .0001 

t = 7.34 
p < .0001 

t = 18.79 
p < .0001 

t = 13.72 
p < .0001 

t = 21.37 
p < .0001 

t = -5.41 
p < .0001 

t = -21.65 
p < .0001 

N1 - N2 t = 18.67 
p < .0001   

t = 8.46 
p < .0001 

t = 19.50 
p < .0001 

t = 1.29 
p = 0.22 

t = 14.20 
p < .0001 

t = 5.36 
p < .0001 

t = 3.77 
p = 0.0002 

t = 2.13 
p = 0.04 

t = -9.28 
p < .0001 

N1 - N3 t = 30.44 
p < .0001   

t = 10.39 
p < .0001 

t = 23.25 
p < .0001 

t = 1.14 
p = 0.28 

t = 11.10 
p < .0001 

t = 10.59 
p < .0001 

t = 4.05 
p < .0001 

t = 8.35 
p < .0001 

t = -15.46 
p < .0001  

N1 - REM t = 15.32 
p = .0009 

t = 3.08 
p = 0.003 

t = 17.48 
p < .0001 

t = 0.69 
p = 0.53 

t = 13.98 
p < .0001 

t = 8.03 
p < .0001 

t = -0.36 
p = 0.73 

t = 0.84 
p = 0.43 

t = -6.93 
p < .0001 

N2 - N3  t = 21.20 
p < .0001  

t = 5.72 
p < .0001 

t = 12.41 
p < .0001 

t = 0.37 
p = 0.74 

t = 2.39 
p = 0.02 

t = 8.20 
p < .0001 

t = 1.89 
p = 0.07 

t = 7.99 
p < .0001 

t = -10.91 
p < .0001 

N2 - REM t = 0.03 
p = 0.98  

t = -5.00 
p < .0001 

t = 1.96 
p = 0.06 

t = -0.48 
p = 0.66 

t = 3.03 
p = 0.003 

t = 4.72 
p < .0001 

t = -4.46 
p < .0001 

t = -1.17 
p = 0.27 

t = 0.87 
p = 0.42 

N3 - REM t = -19.41 
p < .0001  

t = -8.36 
p < .0001 

t = -10.15 
p < .0001 

t = -0.64 
p = 0.55 

t = -0.29 
p = 0.78 

t = -4.57 
p < .0001 

t = -4.51 
p < .0001 

t = -8.05 
p < .0001 

t = 10.54 
p < .0001 

Table S6. Details of the multiple comparisons of neurophysiological markers in different sleep stages in HP. 
K for Kolmogorov Complexity; PE θ for Permutation Entropy in the theta band; SE for Sample Entropy; and wSMI θ 
for weighted symbolic mutual information in the theta band. Statistics are computed using linear mixed models with 
sleep stage as fixed effect and participant ID as random effect. All p-values are FDR corrected following post-hoc two-
sided pairwise comparisons. 
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Participants with Narcolepsy (NP) 

 K PE θ SE wSMI θ PSD |γ| PSD |β| PSD |α| PSD |θ| PSD |δ| 

Wake t = 2.63 
p = 0.024  

t = 0.14 
p = 0.96  

t = 3.15 
p = 0.007  

t = -0.22 
p = 0.93  

t = 2.55 
p = 0.025  

t = 0.84 
p = 0.53  

t = 0.65 
p = 0.66 

t = -0.07 
p = 0.99 

t = -1.18 
p = 0.35 

N1 t = 4.52 
p < .0001  

t = 1.48 
p = 0.21  

t = 3.87 
p = 0.0006  

t = -0.01 
p = 0.99  

t = 2.60 
p = 0.025 

t = 2.57 
p = 0.025 

t = 2.30 
p = 0.043 

t = -0.63 
p = 0.66  

t = -4 
p = 0.0005 

N2 t = 4.94 
p < .0001  

t = 1.85 
p = 0.11  

t = 5.03 
p < .0001  

t = -0.51 
p = 0.71  

t = 5.32 
p < .0001 

t = 2.28 
p = 0.043 

t = 0.56 
p = 0.69 

t = -0.86 
p = 0.53 

t = -1.47 
p = 0.21 

REM t = 3.91 
p = 0.0006   

t = 2.63 
p = 0.02  

t = 3.5 
p = 0.002  

t = 1.62 
p = 0.18  

t = 2.34 
p = 0.041 

t = 2.94 
p = 0.012 

t = 1.87 
p = 0.11 

t = 0.05 
p = 0.99  

t = -2.93 
p = 0.012 

Healthy Participants (HP) 

 K PE θ SE wSMI θ PSD |γ| PSD |β| PSD |α| PSD |θ| PSD |δ| 

Wake t = 2.42 
p = 0.048   

t = 3.78 
p = 0.005 

t = 1.26 
p = 0.40  

t = -0.46 
p = 0.76 

t = 0.21 
p = 0.87 

t = 2.32 
p = 0.056 

t = 2.67 
p = 0.035 

t =-2.44 
p = 0.048  

t = -1.97 
p = 0.12 

N1 t = 3.29 
p = 0.007 

t = 0.90 
p = 0.55 

t = 2.70 
p = 0.035  

t = 0.99 
p = 0.51 

t = 1.71 
p = 0.2 

t = 1.36 
p = 0.36 

t = -0.36 
p = 0.78 

t = -0.08 
p = 0.94 

t = -0.71 
p = 0.61 

N2  t = 2.46 
p = 0.048  

t = 0.65 
p = 0.63  

t = 3.29 
p = 0.007  

t = -1.22 
p = 0.40 

t = 3.27 
p = 0.007 

t = 1.06 
p = 0.49 

t = -0.41 
p = 0.77 

t = 0.76 
p = 0.60  

t = -0.86 
p = 0.55 

Table S7 Statistical differences of the neurophysiological markers between responsive and non-responsive 
trials in different sleep stages, in non-lucid naps, for HP and NP.  K for Kolmogorov Complexity; PE θ for 
Permutation Entropy in the theta band; SE for Sample Entropy; and wSMI θ for weighted symbolic mutual information 
in the theta band. Statistics are computed separately for each sleep stage using linear mixed models with 
responsiveness as fixed effect and participant ID as random effect. All p-values are FDR corrected for multiple 
comparisons separately for each participant group (combining all sleep stages) following post-hoc two-sided pairwise 
comparisons. 
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Table S8. Average values of neurophysiological markers in different sleep stages in NP and HP. K for 
Kolmogorov Complexity; PE θ for Permutation Entropy in the theta band; SE for Sample Entropy; and wSMI θ 
for weighted symbolic mutual information in the theta band. Note that these are non z-scored trial averages. For 
the statistical comparisons (Figure 5A and Table S5), trial values were z-scored and estimated marginal means 
were computed. Figure 5A shows the differences between the estimated means of responsive and non-
responsive trials. 
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Participants with Narcolepsy (NP) 

 True positives 
(TP) 

False positives 
(FP) 

True negatives 
(TN) 

False 
negatives (FN) 

Balanced 
accuracy 

F1 
score 

Wake 671 (80.1%) 33 (25.2%) 98 (74.8%) 159 (19.2%) 0.78 (78%) 0.87 

N1 181 (59%) 72 (36.4%) 126 (63.6%) 126 (41%) 0.61 (61%) 0.64 

N2 187 (67%) 448 (35.6%) 810 (64.4%) 92 (33%) 0.66 (66%) 0.41 

REM 151 (65.9%) 101 (28.2%) 257 (71.8%) 78 (34.1%) 0.67 (67%) 0.61 

Healthy Participants (HP) 

 True positives 
(TP) 

False positives 
(FP) 

True negatives 
(TN) 

False 
negatives (FN) 

Balanced 
accuracy| 

F1 
score 

N2  29 (39.7%) 318 (25.1%) 948 (74.9%) 44 (60.3%) 0.58 (58%) 0.14 

Table S9. Confusion matrix and performance scores of the random forest classifier (responsive vs non-
responsive trials) in different sleep stages, for HP and NP. 
 

 

Lucid REM Sleep K PE θ SE wSMI θ PSD |γ| PSD |β| PSD |α| PSD |θ| PSD |δ| 

Responsive vs. 
Non-responsive 

trials 

t = 1.26 
p = 0.62  
BF = 0.17 

t = 0.05 
p = 0.96 
BF = 0.08 

t = 1.18 
p = 0.53  
BF = 0.18  

t = -0.58 
p = 0.75 
BF = 0.10 

t = 0.55 
p = 0.75 
BF = 0.10 

t = -1.31 
p = 0.53 
BF = 0.21  

t = -0.70 
p = 0.75 
BF = 0.11 

t = 1.20 
p = 0.53 
BF = 0.17 

t = -0.06 
p = 0.96 
BF = 0.08 

Table S10. Statistical differences of the neurophysiological markers between responsive and non-responsive 
trials in lucid REM sleep (participants with narcolepsy).  K for Kolmogorov Complexity; PE θ for Permutation 
Entropy in the theta band; SE for Sample Entropy; and wSMI θ for weighted symbolic mutual information in the theta 
band. Frequentist statistics are computed using linear mixed models with responsiveness as fixed effect and participant 
ID as random effect. All p-values are FDR corrected following post-hoc two-sided pairwise comparisons. BF: Bayes 
Factor of the comparison between the full model (response + subject identity) and a null model (subject identity only). 
 

 

Lucid REM sleep  
vs.  

REM sleep 

 
K 

 
PE θ 

 
SE 

 
wSMI θ 

 
PSD |γ| 

 
PSD |β| 

 
PSD |α| 

 
PSD |θ| 

 
PSD |δ| 

 
All trials 

t = 2.08 
p = 0.067  

t = 2.33 
p = 0.045  

t = 2.99 
p = 0.024  

t = -1.13 
p = 0.33  

t = 2.73 
p = 0.024  

t = 1.90 
p = 0.087  

t = 0.96 
p = 0.38  

t = 0.72 
p = 0.47  

t = -2.66 
p = 0.024  

 
Responsive trials 

t = 1.49 
p = 0.31  
BF = 0.17 

t = -0.07 
p = 0.94 
BF = 0.14 

t = 1.97 
p = 0.31  
BF = 0.28 

t = -1.62 
p = 0.31 
BF = 0.17 

t = 1.55 
p = 0.31 
BF = 0.21 

t = -0.36 
p = 0.81 
BF = 0.19 

t = -0.74 
p = 0.69 
BF = 0.14 

t = 1.37 
p = 0.31 
BF =  0.21 

t = -0.54 
p = 0.76 
BF = 0.20 

Table S11. Statistical differences of the neurophysiological markers between lucid and non-lucid trials (REM 
sleep), for all trials and for responsive trials only. K for Kolmogorov Complexity; PE θ for Permutation Entropy in 
the theta band; SE for Sample Entropy; and wSMI θ for weighted symbolic mutual information in the theta band. 
Frequentist statistics are computed using linear mixed models with lucidity (lucid or not) as fixed effect and participant 
ID as random effect. All p-values are FDR corrected following post-hoc two-sided pairwise comparisons. BF: Bayes 
Factor of the comparison between the full model (response + subject identity) and a null model (subject identity only). 
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Table S12. Detailed information on the sleep characteristics of the participants with narcolepsy and 
healthy participants. 

 


