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Abstract: Electroencephalography (EEG)-based neurofeedback in meditation is evolving

from approaches focused on regulating individual frequency-band metrics toward
multidimensional analysis and closed-loop systems. This article critically examines the
neurophysiological and engineering dimensions of this field, with a focus on neural oscillatory
dynamics, nonlinear metrics, functional connectivity, and the challenges of online signal
processing. Evidence suggests that meditation-related EEG changes are not limited to fixed
patterns in the alpha and theta bands; rather, they are influenced by the type of meditation
protocol, including focused attention and open monitoring, the individual’s level of
experience, and the aperiodic component of the power spectrum characterized by a \(1/f\)
structure. From a system engineering perspective, a limited number of EEG channels, motion
artifacts, and end-to-end feedback-loop latency are among the key challenges affecting real-
time neurofeedback performance. Although adaptive architectures and integration with virtual
reality (VR) offer the potential to create more interactive environments, target engagement
does not necessarily translate into meaningful improvements in clinical outcomes. In this
regard, controlled trials using sham feedback are important for distinguishing the specific
effects of neurofeedback from nonspecific intervention effects. Overall, advancing this field
requires the development of low-latency, self-regulating systems, standardization of signal-
processing protocols, and clinical validation emphasizing the durability of effects and long-
term behavioral outcomes.

Keywords: Meditation; Electroencephalography (EEG); Neurofeedback; Brain Dynamics;

Neural Complexity; Functional Connectivity; Signal Processing; Adaptive Neurofeedback;
Closed-Loop Systems.
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