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Memory reactivation during sleep promotes learning-induced
neuroplasticity
Stella Villa , Felix Kleinschroth  ,Monika Schönauer , Deniz Kumral1 1 1,2,3 1,2

Sleep plays an important role in memory
consolidation, during which newly encoded
memories are stabilized into long-lasting
representations [1,3]. This process relies on
neuroplasticity, enabling functional and structural
brain changes after learning [2,3,4], and is
thought to be supported by memory reactivations
during sleep [1,3]. 

However, how such reactivations contribute to
neural plasticity and overnight memory
consolidation remains poorly understood. In
the current study, we aim to investigate the
relationship between memory reprocessing
during sleep and learning-induced
microstructural changes.

Hypotheses

We expect that category-specific representations
can be decoded during wakeful learning, as well as
during slow wave sleep.
The strength of  content decodability in wake and
sleep will be related to memory retrieval.
Lastly, we aim to investigate whether memory
reprocessing during sleep drives learning-dependent
microstructural changes assessed by diffusion-
weighted MRI.

Descriptives Task performance

Association between memory performance
and classification score

p < .001 p = .040
rho = 0.285

 Institute of  Psychology, Neuropsychology, University of  Freiburg, Freiburg im Breisgau1

 BrainLinks-BrainTools, University of  Freiburg, Freiburg im Breisgau2

 Bernstein Center Freiburg, University of  Freiburg, Freiburg im Breisgau3

Experiment design Learning: Image localization task

Our findings suggest that category-specific neural
representations can be decoded from EEG during
object-location learning, and that the strength of  this
content decodability correlates with behavioral
performace. 
We expect similar category-specific representations
to be detectable during slow wave sleep, where
memory reactivation is expected to correlate with
overnight memory consolidation. 

Previous literature shows that rapid
plasticity can be detected and learning
content can be decoded using DW-MRI. We
will further analyze whether memory
reactivation during sleep drives sleep- and
learning-induced microstructural changes,
which may provide novel insights into how
sleep supports the structural reorganization
of  memory traces.

Total sample: N = 81
 Completed 2 nights: n = 72
 Completed 3 nights: n = 65
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Future analyses

DW-MRI

1.Souce reconstruction 2.Wake-to-sleep decoding  (within-subject)

All participants completed three sleep laboratory nights in a repeated-measures design: one adaptation night
(baseline) and two experimental nights (auditory stimulation and sham), counterbalanced and combined with pre-
and post-sleep MRI and learning task.

Encoding: 28 image
pairs were learned on
a 4×7 grid. 
Retrieval: the first
image was shown
and participants
indicated the
associated location of
the second image 
Images (scenes vs.
objects) were
pseudo-randomized
across nights.
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Classification Analyses (Task)

Each participant completed two sessions; 112 scene trials and 112
object trials, which were concatenated and classified using Linear
Discriminant Analysis (LDA). Decoding accuracy was estimated
using stratified 10-fold cross-validation repeated 5 times. To assess
significance, the same procedure was repeated 200 times with
shuffled class labels, generating a null distribution. Significant time
windows were identified using cluster-based permutation testing
across time.

Recall increase with repeated encoding and retrieval

Category classification over time

3.Wake-to-sleep decoding 
      (between-subject)

4.Material-spesific microstructural
changes after sleep


