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Understanding human cognition through predictive processing, as well as its
implementation in the brain, offers an integrated account of perception, attention,
learning and action [1]. This framework describes the brain as a Bayesian inference
system that actively anticipates and regulates sensory signals from the body and
environment to keep the organism in viable states. From this perspective, attention can
be understood as the selective allocation of precision to sensory, interoceptive or
cognitive signals: inputs treated as more reliable are up-weighted and exert greater
influence over perceptual inference, whereas uncertain or less relevant signals are
down-weighted [2]. Meditative practice may therefore be described as a systematic
retraining of precision-weighting, increasing sensitivity to present-moment bodily and
sensory information while reducing the automatic dominance of high-level, self-related
and temporally extended priors that sustain rumination, anticipation and mind-
wandering [6,7]. By making thoughts, emotions and percepts appear as transient
constructed events rather than transparent descriptions of reality, meditation may
weaken maladaptive expectations and allow internal models to become less rigid and
more responsive to ongoing experience [6]. In this internship, the candidate will test a
neurocomputational framework on an existing EEG datasets from novice and expert
meditators. The central hypothesis is that meditation-related regulation of attention and
emotion depends on changes in predictive processes, especially in how confidence is
assigned to predictions and sensory inputs. By combining time-resolved computational
modeling, sophisticated statistical approaches and links to phenomenology, the project
will clarify mechanisms through which mindfulness may influence perception, stress
regulation and clinically relevant vulnerability to mood and anxiety disorders. By
implementing this novel analytical approach, this project could identify new neural
markers of stress and emotion regulation.

Background:
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Mindfulness research is increasingly relevant to medicine, psychology and
neuroscience because anxiety, depression and stress-related disorders remain leading
sources of disability, and many patients require complementary non-pharmacological
approaches. Mindfulness-based interventions have shown value for relapse prevention
in depression and for reducing stress, emotional distress, anxiety, addiction-related
symptoms and chronic pain burden [3-5]. However, their mechanisms of action remain
insufficiently characterized at experiential, cognitive and neurophysiological levels,
which limits optimization, mechanistic prediction of therapeutic response, and
treatment personalization for patients with distinct attentional or affective
vulnerabilities.

The proposed project addresses this gap through a clinically relevant and
mechanistically precise question: does intensive mindfulness practice alter the
temporal dynamics of sensory prediction and deviance detection, and are these neural
changes linked to the experienced dynamics of attention and awareness?

This internship will be conducted at the CRNL, within the Eduwell team, which
specializes in the neurophysiological mechanisms of attention, meditation and other
forms of mental training, and in how these mechanisms can improve well-being, health
and learning.

Methodology :

The candidate will implement and compare mechanistic models of the auditory
mismatch negativity (MMN), an automatic brain response to violations in regular sound
sequences and a marker of auditory prediction/deviance detection, in a cross-sectional
EEG oddball dataset [8] with safe and threat-induced anxiety periods. Building on the
strengths of a previous time-resolved dynamic modeling work [9], the project aims to
model trial-by-trial dependencies in successive latency windows rather than relying
only on averaged ERPs (event-related potential). This is important because recent
animal studies suggest that MMN-like components may emerge from different
mechanisms and evolving timescales along the evoked response and across the
auditory hierarchy [10]. Feasibility is supported by the findings during a prior M2
internship, which revealed a successful proof of concept: preliminary analyses
captured latency-specific neural dynamics and revealed a significant latency-by-
condition (safe/threat) interaction, not detected by the original average-ERP analysis
[8]. This suggests that the time-resolved modeling framework is more sensitive to
condition-dependent effects than traditional averaged ERP analyses. This internship
will extend this framework to the full factorial design — safe versus threat, meditative
states versus control, and novice versus expert groups — using generalized additive
mixed models (GAMMs) to test whether temporal MMN trajectories are modulated by
anxiety and meditation. This approach may also allow mechanistic prediction of trait
anxiety at the individual level and establish temporal MMN trajectories as candidate
biomarkers of anxiety.
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