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01 — Abstract

Predictive processing frameworks propose that the brain continuously
generates and updates probabilistic models of sensory input, minimizing
prediction error as a core computational objective. During REM sleep,
the predictive model operates in an 'offline' mode — generating

predictions without the grounding constraint of real sensory input.

This document argues that the susceptibility of REM-phase dreaming to
lucid awareness can be productively understood through the lens of
predictive processing: specifically, that lucidity arises when the
dreaming brain encounters a prediction error it cannot resolve within

the narrative frame of the ongoing dream.

The Velo-X device operationalizes this hypothesis by introducing a
precisely timed, sub-threshold optical stimulus during confirmed REM
windows. The stimulus is designed to generate a low-level prediction
error in the visual processing stream — one that is significant enough
to require integration but small enough to avoid terminating the dream

state through arousal.
This document is not a peer-reviewed publication. It represents the

theoretical framework that informed device design. It should be read

as an extended design rationale, not a scientific claim.

Theoretical framework document - Not peer-reviewed
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02 — Predictive Processing: A Brief Overview

The predictive processing framework, developed primarily by Karl Friston
and Andy Clark from earlier work by Helmholtz, proposes that perception
is fundamentally generative. The brain does not passively receive sensory
data and construct experience from it. Instead, it continuously generates
predictions about incoming data and updates those predictions based on

the error signal — the difference between predicted and actual input.

In this framework, sensory experience is the brain's best model of its
environment, not a direct representation of it. What we perceive is
the prediction, corrected by error. High-precision sensory data
updates the model substantially. Low-precision or ambiguous data is

given less weight — the prediction persists.

This architecture is hierarchical. Higher levels of the hierarchy
generate slower, more abstract predictions (about context, categories,
causal structure). Lower levels generate faster, more specific
predictions (about edges, motion, color). Errors propagate up;

predictions propagate down.
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VELO-X - PREDICTIVE PROCESSING & REM - THEORETICAL FRAMEWORK 02 — Predictive Processing (cont.)

In the context of action, the framework extends to 'active inference':
the organism can minimize prediction error not only by updating its
model but by acting on the world to make the world conform to its
predictions. This unifies perception and action under a single

computational objective.

The relevance for consciousness research: the framework suggests that
the contents of consciousness are the current best model — the
generative predictions that have survived error-based revision.
Anomalous percepts, hallucinations, and altered states may all be
understood as cases where the error-correction mechanism is disrupted,

allowing lower-precision predictions to dominate experience.

Key references: Friston (2010), Clark (2016), Hohwy (2013).
See References section for full citations.
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03 — REM Sleep and the Predictive Model

During REM sleep, the predictive model is deprived of its primary
grounding signal: real-time sensory input. The thalamic gating
mechanism that normally routes sensory data to cortex is suppressed.
The cortex continues to generate predictions, but the error signal

that would normally correct them is absent.

The result is a runaway generative model — dreaming. The brain
produces experience from its own predictions without the corrective
influence of sensory reality. The predictions are experienced as

percepts, just as they are in waking life.

What distinguishes REM from waking is not the structure of experience
but the source of the error signal. In waking life, error comes from
the mismatch between prediction and sensory reality. In REM, error

can only come from within the model itself — from internal inconsistency.

Theoretical framework document - Not peer-reviewed



VELO-X - PREDICTIVE PROCESSING & REM - THEORETICAL FRAMEWORK 03 — REM Sleep and the Predictive Model (cont.)

The dreaming brain is not passive. It actively resolves internal
inconsistencies through narrative construction. When two dream elements
are in tension, the generative model produces a transition — a scene

shift, a character transformation, a sudden change of context.

This is the 'plot' of a dream: the continuous resolution of internally
generated prediction errors. The dreamer is not watching a story;

they are the mechanism by which the story repairs itself.

Lucidity, in this framework, would represent a case where the internal
error resolution mechanism generates a prediction — 'I am dreaming' —
that cannot be contradicted by available evidence. It is not an
epiphany but a logical conclusion that the model reaches under

specific conditions.

Theoretical framework document - Not peer-reviewed
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04 — Error Signals and Dream Anomalies

If lucidity depends on the generation of an unresolvable internal prediction
error, then interventions that introduce such errors should, in principle,

increase the probability of lucid awareness.

Several spontaneous sources of dream anomaly are well-documented:
unusual lighting, impossible physics, unfamiliar faces attached to
familiar names, text that changes on second reading. These anomalies
occasionally trigger lucidity, but unreliably. The dreaming mind is
remarkably capable of narrative absorption — producing explanations that

preserve the dream frame rather than questioning it.

The reliability problem suggests that not all prediction errors are

equal. Low-level errors (a flickering light, an odd texture) are easily
absorbed. Higher-level errors (a logical impossibility, a self-referential
paradox) are harder to resolve — but they are also harder to introduce

without triggering arousal.

Theoretical framework document - Not peer-reviewed
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VELO-X - PREDICTIVE PROCESSING & REM - THEORETICAL FRAMEWORK 04 — Error Signals and Dream Anomalies (cont.)

The targeting hypothesis: the optimal error stimulus is one that is
processed at a level high enough to require integration with the
ongoing narrative, but low enough that the integration attempt fails

without triggering arousal pathways.

A 625 nm optical stimulus below 1 cd/m? operates at the level of
low-level visual processing — above perceptual threshold during

waking, but below it during REM (due to thalamic gating). The signal
reaches visual cortex as noise rather than percept. The cortex attempts
to resolve it as a low-level feature — a color, a light source, a

pattern — and fails.

This failed resolution is the mechanism. The failure propagates up

the predictive hierarchy as an unexplained discrepancy. The dream

narrative must account for it or expose it as evidence of inconsistency.

Theoretical framework document - Not peer-reviewed
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05 — The Velo-X Hypothesis

The Velo-X device is designed as a test of the targeting hypothesis.
It delivers a precise optical stimulus during confirmed REM windows at

intensity levels calibrated to each user's sub-threshold profile.

The device does not claim to produce lucidity. It claims to produce
the conditions in which the dreaming brain's error-resolution mechanism

is more likely to generate a state-questioning hypothesis.

This is a probabilistic intervention, not a deterministic one. Individual
variation in thalamic gating efficiency, cortical sensitivity, and
baseline dream narrative stability means that identical stimuli produce

different outcomes across users and across nights in the same user.

User reports from The Latent Space are consistent with the hypothesis:
cues are rarely perceived as light. They are absorbed as ordinary dream
elements — traffic signals, warning lights, reflections. In the minority
of cases where absorption fails, users report a sensation of 'noticing'

something wrong, followed in rare cases by full lucid awareness.

Theoretical framework document - Not peer-reviewed
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VELO-X - PREDICTIVE PROCESSING & REM - THEORETICAL FRAMEWORK 05 — The Velo-X Hypothesis (cont.)

The adaptive threshold algorithm can be understood as a search procedure
over the intensity space, targeting the region where absorption fails
without triggering arousal. For each user, this region is narrow and

drifts over time as the brain adapts to the stimulus.

This adaptation — the brain learning to absorb the cue — is the primary
challenge for long-term users. The device responds by shifting the
stimulus parameters (timing, intensity, pulse count) to maintain the
error-generating property of the cue. Whether this is sufficient to

prevent full adaptation over months of use is an open empirical question.

Theoretical framework document - Not peer-reviewed 14
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06 — Limitations and Open Questions

This framework is speculative. The predictive processing account of
dreaming is not established consensus. The specific mechanism by which
a sub-threshold optical stimulus produces dream anomalies has not been

directly measured — the evidence is behavioral, not physiological.
Open questions:

1. Does the stimulus actually reach visual cortex during REM, or is

thalamic gating complete enough that the signal is blocked entirely?

2. If blocked: what mechanism produces the anomalous dream integration

effects reported by users?

3. Is the effect placebo-mediated? Expectation effects in lucid dreaming

research are poorly controlled for.

4. What is the long-term adaptation curve? Is there a saturation point

beyond which the device produces no effect?
5. Are the adverse effects (glossy fatigue, sleep fragmentation)

attributable to the optical stimulus, the monitoring hardware,

the altered relationship to sleep, or none of the above?

Theoretical framework document - Not peer-reviewed 15



VELO-X - PREDICTIVE PROCESSING & REM - THEORETICAL FRAMEWORK References

References

[1] Clark, A. (2016). Surfing Uncertainty: Prediction, Action, and the Embodied Mind. Oxford University
Press.

[2] Friston, K. (2010). The free-energy principle: a unified brain theory? Nature Reviews Neuroscience,
11(2), 127-138.

[3] Hobson, 3J. A. (2009). REM sleep and dreaming: towards a theory of protoconsciousness. Nature
Reviews Neuroscience, 10(11), 803-813.

[4] Hohwy, J. (2013). The Predictive Mind. Oxford University Press.

[5] LaBerge, S. & Rheingold, H. (1990). Exploring the World of Lucid Dreaming. Ballantine Books.

[6] Llinas, R., & Pare, D. (1991). Of dreaming and wakefulness. Neuroscience, 44(3), 521-535.

[7] Nir, Y., & Tononi, G. (2010). Dreaming and the brain: from phenomenology to neurophysiology. Trends
in Cognitive Sciences, 14(2), 88-100.

[8] Rao, R. P., & Ballard, D. H. (1999). Predictive coding in the visual cortex: a functional
interpretation of some extra-classical receptive-field effects. Nature Neuroscience, 2(1), 79-87.

[9] Spoormaker, V. I., & van den Bout, J. (2006). Lucid dreaming treatment for nightmares: a pilot
study. Psychotherapy and Psychosomatics, 75(6), 389-394.

[16] Stumbrys, T., Erlacher, D., & Schredl, M. (2013). Testing the involvement of the prefrontal cortex
in lucid dreaming: a tDCS study. Brain Stimulation, 6(4), 483-489.

[11] Voss, U. et al. (2009). Lucid dreaming: a state of consciousness with features of both waking and
non-lucid dreaming. Sleep, 32(9), 1191-1208@.

[12] Walker, M. (2017). Why We Sleep. Scribner.

[13] Dresler, M. et al. (2012). Neural correlates of dream lucidity obtained from contrasting lucid
versus non-lucid REM sleep. Sleep, 35(7), 1017-1020.

[14] Windt, 3J. M. (2015). Dreaming: A Conceptual Framework for Philosophy of Mind and Empirical
Research. MIT Press.

[15] Yuval-Greenberg, S. & Deouell, L.Y. (2009). The broadband-transient induced gamma-band response in

scalp EEG reflects the execution of saccades. Brain and Cognition, 69(3), 527-541.

Theoretical framework document - Not peer-reviewed 16



	01 — Abstract
	02 — Predictive Processing: A Brief Overview
	03 — REM Sleep and the Predictive Model
	04 — Error Signals and Dream Anomalies
	05 — The Velo-X Hypothesis
	06 — Limitations and Open Questions
	References

