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% ® B &% | This paper analyzes how novices and experts can
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technology in the medical domain.
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Hik performance of 12 novices (medical students)

Method with the performance of 12 laparoscopic surgeons 25%

(using a 2D view) and 4 robotic surgeons, using a

new robotic system that allows 2D and 3D view.
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adaptive transfer capacities and are able to
Result v anster cap 35%
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Introductio:

Second-language learning (SLL) depends on distinct functional-neuroanatomical systems including
procedural and declarative long-term memory. Characteristic features of rapid eye movement (REM) and
non-REM sleep such as rapid eye movements and sleep spindles are electrophysiological markers of
cognitively complex procedural and declarative memory consolidation, respectively. In adults, grammatical
learning depends at first on declarative memory (“early SLL”) then shifts to procedural memory with
experience (“late SLL”). However, it is unknown if the shift from declarative to procedural memory in early
vs late SLL is supported by sleep. Here, we hypothesized that increases in sleep spindle characteristics
would be associated with early SLL, whereas increases in REM activity (eg, density and EEG theta-band
activity time-locked to rapid eye movements) would be associated with late SLL.
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Eight Anglophone (English first language) participants completed four polysomnographic recordings

throughout an intensive 6-week French immersion course. Sleep spindle data and electroencephalographic
spectral power time-locked to rapid eye movements were extracted from parietal temporal electrodes.
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As predicted, improvements in French proficiency were associated with changes in spindles during early
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SLL. Furthermore, we observed increased event-related theta power time-locked to rapid eye movements
during late SLL compared with early SLL. The increases in theta power were significantly correlated with
improvements in French proficiency.
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Discussio:

This supports the notion that sleep spindles are involved in early SLL when grammar depends on

declarative memory, whereas cortical theta activity time-locked to rapid eye movements is involved in late
SLL when grammar depends on procedural memory.
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Abstract (243 words)

Second-language learning (SLL) depends on distinct functional-neuroanatomical systems including
procedural and declarative long-term memory. Characteristic features of rapid eye movement (REM)
and non-REM sleep such as rapid eye movements and sleep spindles are electrophysiological markers
of cognitively complex procedural and declarative memory consolidation, respectively. In adults,
grammatical learning depends at first on declarative memory (“early SLL”) then shifts to procedural
memory with experience (“late SLL”). However, it is unknown if the shift from declarative to
procedural memory in early vs late SLL is supported by sleep. Here, we hypothesized that increases
in sleep spindle characteristics would be associated with early SLL, whereas increases in REM activity
(eg, density and EEG theta-band activity time-locked to rapid eye movements) would be associated
with late SLL. Eight Anglophone (English first language) participants completed four
polysomnographic recordings throughout an intensive 6-week French immersion course. Sleep spindle
data and electroencephalographic spectral power time-locked to rapid eye movements were extracted
from parietal temporal electrodes. As predicted, improvements in French proficiency were associated
with changes in spindles during early SLL. Furthermore, we observed increased event-related theta
power time-locked to rapid eye movements during late SLL compared with early SLL. The increases
in theta power were significantly correlated with improvements in French proficiency. This supports
the notion that sleep spindles are involved in early SLL when grammar depends on declarative
memory, whereas cortical theta activity time-locked to rapid eye movements is involved in late SLL

when grammar depends on procedural memory.

Keywords: memory consolidation, procedural memory, declarative memory, learning, theta, language
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“The Five Questions Technique”

Your research aims A sentence saying what you wanted to achieve

Your methods A sentence or two saying what you did to achieve it

Your key result A sentence or two presenting the most important results

Evaluation and interpretation | A sentence or two on what these results mean

o A sentence or two on how your results will impact your field, or
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what you will do next to build on them
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