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MRI-based neuroimaging

Because the classifier exploits the multivariate nature of the data in high dimensions, and the model incorporates non-trivial assumptions
about data structure, classical estimators become therefore suboptimal in these settings. The large amounts of fMRI data (between 1459 and
3589 scans) available for each and every subject enable useful scenarios for cross-validation, i.e., training the model on part of the data. The
assessment of decoding is high and we showed above-chance prediction for variables of interest (76% for the FACE state, 87% for the MAZE
state and 93% for the REST state).

Moreover, based on a previous similar publications, Haxby et al. (Science 2001) performed a decoding approach on similar face and place
items. Data from 6 subjects with a mean of 1036 fMRI scans led to an identification accuracy of 94% ±7% for faces and 99% ± 1% for places.
Horikawa et al. (Science 2013) used a neural decoding approach on EEG-fRMI data while participants were sleeping, as in our experiment.
Three peoples participated in this study, with 266-307 sessions of interest and authors reported a mean decoding accuracy of 60.0%, 95%
confidence interval (CI). Finally, Rasch et al. (Science 2007) acquired EEG/fMRI data while 12 participants were sleeping and observed
significant activation of the hippocampus. Thus, the sample size for the decoding procedure (18 volunteers for training the model, then
applied to 13 participants during deep sleep) is therefore in accordance with previous literature with similar protocols.

The data from 8 participants were removed from further analysis because of technical problems during scanning (N=4), because the
participants did not win at any game (N=2), or because they did not sleep during the sleep session (N=2). The fMRI data from 18 participants
were thus used for the analysis of the game session and classifier training (12 women; mean age ± SD: 22.1 ±2.4). Then, the trained classifier
was applied to the fMRI data from the sleep session. Because we expected neural reactivation to predominate during periods of sleep with
high amounts of slow oscillations, we analyzed the results from those 13 participants who had sustained N3 in the scanner (9 women; mean
age ± SD: 22.0 ± 2.5). The exclusion criteria about winning at any game and about sleep depth were pre-established.

We replicated the decoding approach using 3 states instead of 5 states, demonstrating the robustness of the main results. We also showed
that the increased reactivation of the rewarded game was valid when slitting the sample into two independent groups, separating participants
who won the face game from those who won the maze game.

Participants were allocated to the FACE and MAZE win groups according to their performance during the last 2 blocks of the game session,
during which they could potentially win at either game (thanks to useful clues). As soon as one of the games was won, no further informative
clues were provided for the unsuccessful game so as to avoid winning at both games. Note that 2 participants were excluded from further
analysis because they did not win at any of the games (see Data exclusions above).

During data acquisition, group assignment was based on each participant's performance at the games, and could not be performed blindly.
After data acquisition, all data was labeled using a combination of random letters and strings. Data analysis was conducted in a fully blinded
manner, until group differences were analyzed.
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Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Magnetic resonance imaging

Experimental design

Design type

Design specifications

Behavioral performance measures

Acquisition

Imaging type(s)

Field strength

Sequence & imaging parameters

Area of acquisition

Diffusion MRI Used Not used

Preprocessing

Preprocessing software

Twenty-six right-handed healthy participants (18 women, 8 men, mean age ± SD: 22.0 ± 2.3 years) participated in this study.
A semi-structured interview established the absence of neurological, psychiatric, or sleep disorders. All participants were
non-smokers, moderate caffeine consumers, and did not take any medication. They were not depressed as assessed by the
Beck Depression Inventory (mean ± SD: 1.7 ± 2.0), and had low anxiety levels as assessed by the STAI-T (31.8 ± 5.8). None of
the participants suffered from excessive daytime sleepiness as assessed by the Epworth Sleepiness Scale (5.6 ± 3.0) or sleep
disturbances as determined by the Pittsburgh Sleep Quality Index Questionnaire (3.1 ± 2.2). Sensitivity to Punishment and
Sensitivity to Reward Questionnaire established that none of the participants had extreme sensitivity to reward (37.0 ± 7.7)
or punishment(32.5 ± 5.4), nor did they suffer from excessive impulsivity as assessed by the UPPS Impulsive Behavior Scale
(90.1 ± 9.6). We also made sure that none of the participants was a regular player of video games.

All participants were recruited through advertisements on university grounds, and selected in accordance to the inclusion
criteria. Because advertisements were public, no particular selection biases are expected.

This study was approved by the Human Research Ethics Committee from the State of Geneva.

Game session: standard block design. Sleep session: resting state, analyzed using a decoding approach and also using
continuous covariates such as time course of the game-related brain states identified by the pattern classification, for
example (see main text).

Game session: 2 fMRI runs of 20 min each. Each run contained 8 blocks of preparation of the games (3 s), 4 blocks of
FACE game (60 s each), 4 blocks of MAZE game (60 s each), and 8 blocks of rest after each game block (each divided into
3 blocks of 30 s). The very last block, corresponding to when one of the game was won, was modeled as a separate
condition (regressor).

During the Game sessions, no measure of performance was computed. We assessed memory for elements from both
games two days after the scanning phase, i.e., after one full recovery night.

Memory for the face game was tested by asking participants to place each individual face at their original location on
the screen. Participants were presented with a grid of 18 empty rectangles corresponding to the locations of the faces
during the game. Three points were attributed for the correct location (out of 18 possible locations), 1 point was given
for a correct column (out of 6 possible columns), and 0.5 point for a correct row (out of 3 possible rows).

Memory for the maze game was assessed by placing participants at one specific location in the maze and asking them to
find the starting point that was used during the game session as rapidly as possible. Performance was measured as the
shortest map distance from the participant’s current location after 30 s to the starting (here goal) point.

We computed z-scores from the face and maze memory tests to be able to compare performance on both memory
tasks within the same ANOVA (distances for the maze game were inversed; so that larger z-score indexed better
performance).

Functional and Structural

3T

Functional images were acquired with a gradient-echo EPI sequence (repetition time [TR]/ echo time [TE]/flip angle =
2100 ms/30 ms/80°) and parallel imaging (GRAPPA; acceleration factor = 2). Each functional image comprised 32 axial
slices (thickness = 3.2 mm without gap, FOV = 235 x 235 mm, matrix size = 128 x 84, voxel size: 3.2 x 3.2 x 3.84 mm,)
oriented parallel to the inferior edge of the occipital and temporal lobes.

The structural image was acquired before the task with a T1-weighted 3D sequence (MPRAGE, TR/inversion time [TI]/
TE/flip angle = 1900 ms/900ms/2.32 ms/ 9°, FOV = 230 x 230 x 173 mm3, matrix size = 256 x 246 x 192 voxels, voxel size
= 0.9 mm isotropic).

Whole brain coverage

Functional volumes were analyzed by using Statistical Parametric Mapping 8 (SPM8; www.fil.ion.ucl.ac.uk/spm/software/




