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correlates of MSL have been extensively described in the literature and have fed the field with more 
integrative views of memory organization. At the behavioral level, the learning of novel motor 
sequences is known to follow distinct phases [16]. Following initial acquisition, occurring during 
online task practice, the memory trace subsequently undergoes a process of consolidation, taking 
place predominantly offline (i.e., in the absence of task practice). Critically, sleep and specific 
features such as sleep spindles are known to facilitate offline consolidation processes and promote 
additional improvements in performance (see [17] for review). At the cerebral level, numerous 
studies have converged towards the view that motor memory consolidation is mediated by 
differential recruitment of cortico-cerebellar and cortico-striatal circuits (see [18,19] for models). 
Importantly, and at the basis of new integrative views of learning, we have shown that activity in 
the hippocampus - previously thought to be limited to declarative memory -, and its functional 
interaction with the prefrontal cortex and the striatum, is crucial for motor memory encoding and 
subsequent sleep-related consolidation [13–15]. Further investigations have shown that 
hippocampal and striatal systems support different components of learning [20]. While the striatal 
system supports the motor representation of the task, hippocampo-cortical networks support a 
more abstract / cognitive representation of motor learning encompassing, for example, the spatial 
aspect of the task or the ordinal information (i.e., serial element position) of the sequence [17]. 
Central to the framework of this project, we argue that hippocampal-mediated, abstract 
representations of motor learning participate in the building of cognitive-motor schemata that can 
be used to accelerate the consolidation process. Thus, the acquisition and utilization of cognitive-
motor schemata may serve as a viable and effective new avenue to boost the motor learning and 
consolidation process. 
2. OBJECTIVES  

The overarching goal of this project is to use an unprecedented integrative approach merging 
concepts and models gathered from different memory systems in order to improve motor memory 
consolidation in young healthy adults. Specifically, we will test for the first time, using an innovative 
and comprehensive multimodal neuroimaging (MRI, EEG and NIBS), whether the schema model of 
memory consolidation generalizes across memory systems. Critically, we will determine whether 
motor memory consolidation can be accelerated through the availability of pre-existing cognitive-

motor schemata, a research goal with significant 
clinical and fundamental implications.   

To achieve this aim, we will use a paradigm 
conceptually similar to the seminal work 
performed in the declarative memory domain 
[1,2] in order to examine the effect of 
experimentally-acquired cognitive-motor 
schema on the learning of new motor 
information. Briefly, participants will be trained 
on a MSL task (schema-related learning) and will 
subsequently be exposed to new motor 
information (i.e., new motor transitions to be 
integrated) presented in a context that is 
compatible or incompatible with the previously 
learned cognitive-motor schema. We will 
therefore test the key feature of the schema 
model of memory consolidation, i.e., whether 
integration of new motor information is better 
when it takes place within a schema that is 
compatible with pre-existing cognitive-motor 
knowledge (acquired during initial training). The 

Fig 1. Work Packages (WPs) to investigate 
schema-mediated motor memory 
consolidation.  
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CHALLENGING TRADITIONAL MODELS OF MEMORY

1. MEMORY SYSTEMS ARE LESS SEGREGATED THAN INITIALLY THOUGHT

2. MEMORY CONSOLIDATION IS FASTER THAN INITIALLY THOUGHT

SIGNIFICANCE

OPEN IMPORTANT NEW AVENUES FOR NEUROMODULATION

1. TARGETING BRAIN REGIONS INITIALLY OVERLOOKED

2. TARGETING TIME PERIODS INITIALLY IGNORED



HIPPOCAMPUS AND MOTOR MEMORY

WHAT?
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NEURAL CORRELATES OF MOTOR SEQUENCE LEARNING
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1. THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING

BUT IS THIS RELATED TO ANY MOTOR MEMORY PROCESSING?



Albouy et al., 2008 Neuron

HIPPOCAMPAL ACTIVITY DURING INITIAL MOTOR SEQUENCE

LEARNING MAY TRIGGER SUBSEQUENT OVERNIGHT

MEMORY CONSOLIDATION

HIPPOCAMPUS AND MOTOR MEMORY CONSOLIDATION
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SLEEP-RELATED CONSOLIDATION

= ENHANCEMENT IN PERFORMANCE

Albouy et al., 2013 Hippocampus
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1. THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING

2. THE HIPPOCAMPUS IS INVOLVED IN MOTOR MEMORY CONSOLIDATION

BUT WHAT IS THE ROLE OF THESE HIPPOCAMPAL RESPONSES?



WHAT IS THE FUNCTIONAL ROLE OF THESE 
HIPPOCAMPAL RESPONSES?



SPACE IN THE “MOTOR HIPPOCAMPUS”
SPATIAL REPRESENTATION MOTOR REPRESENTATION
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WHAT IS THE FUNCTIONAL ROLE OF THESE 
HIPPOCAMPAL RESPONSES?



TIME IN THE “MOTOR HIPPOCAMPUS”

Nina Dolfen

Dolfen et al., 2024 J Neuro
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Hippocampal patterns carry information about finger-position binding above and beyond finger and position coding 

Dolfen et al., 2024 J Neuro

Finger-position binding in the hippocampus



1. THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING

2. THE HIPPOCAMPUS IS INVOLVED IN MOTOR MEMORY CONSOLIDATION

3. THE HIPPOCAMPUS ENCODES SPATIO-TEMPORAL REPRESENTATIONS OF 
MOTOR SEQUENCES 

BUT IS THERE A “MOTOR” HIPPOCAMPUS?



HIPPOCAMPAL FUNCTION SHARED ACROSS 
MEMORY DOMAINS?

Temudo et al., 2025 PLoS Biol

Ainsley Temudo



Hippocampal function in encoding the order of items in a sequence may be shared across 
memory domains  

(Hsieh et al., 2014)
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(Dolfen et al., 2024)
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Temudo et al., 2025 PLoS Biol



Function shared across memory domains?

Temudo et al., 2025 PLoS Biol



Function shared across memory domains?

Temudo et al., 2025 PLoS Biol
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Motor memory domain

Declarative memory domain

Across memory domains

Temudo et al., 2025 PLoS Biol



HC

Hippocampus contributes to the development of memory-domain general item-
position maps that might provide a content-free cognitive framework for sequential 

behaviors across memory domains 

Temudo et al., 2025 PLoS Biol



1. THE HIPPOCAMPUS IS RECRUITED DURING MOTOR SEQUENCE LEARNING

2. THE HIPPOCAMPUS IS INVOLVED IN MOTOR MEMORY CONSOLIDATION

3. THE HIPPOCAMPUS ENCODES SPATIO-TEMPORAL REPRESENTATIONS OF 
MOTOR SEQUENCES 

4. THE CAPACITY OF THE HIPPOCAMPUS TO REPRESENT THE TEMPORAL 
ORDER OF LEARNED INFORMATION IS SIMILAR ACROSS MOTOR AND 
DECLARATIVE MEMORY DOMAINS

HOW DOES THIS RELATE TO MEMORY CONSOLIDATION?



TRAINING CONSOLIDATION RETEST

TIME

Wake Sleep

MOTOR MEMORY CONSOLIDATION



Brad King

King et al., 2022; iScience
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