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Perception is typically consistent: when the same sensory input is encountered again, subjective
experience tends to be similar. Experimental neuroscience implicitly relies on a related
assumption—that stimulus-evoked neural activity contains a consistent component that can be
recovered from noisy recordings, for example, by averaging across trials. Yet such consistency is
not guaranteed for a high-dimensional, recurrent, and intrinsically fluctuating system such as the
brain. Neural activity varies across multiple scales, from local circuits to large-scale networks, and
a growing literature argues that such variability is not merely a nuisance but can be functionally
important, supporting flexible dynamics. The brain, therefore, faces a dual requirement: it must
remain globally flexible while achieving strong input-conditioned consistency when needed. How
this dual requirement is realised remains unclear.

In this thesis, I propose the selective consistency hypothesis: through experience, the brain
selectively increases stimulus-conditioned neural consistency for a subset of inputs via synaptic
self-organisation, and this selective increase supports more consistent perception for those inputs.
This hypothesis is motivated by (i) evidence that response consistency is not fixed but can change
with development and experience, and (ii) findings from perceptual learning paradigms in which
perceptual selective consistency improves rapidly for complex stimuli that are difficult to explain
through conventional feature-based accounts. The central behavioural model paradigm in this
thesis is the noise-repetition detection (NRD) task, in which listeners judge whether concatenated
white-noise segments are identical within a trial. A characteristic finding is that performance
improves selectively for a repeatedly encountered exemplar, indicating experience-dependent gains
in perceptual consistency for that specific stimulus.

To test the selective consistency hypothesis from complementary angles, I conducted (1) a
computational simulation study and (2) a human electroencephalography (EEG) study during NRD
performance.

In the simulation study, I examined whether a recurrent neural network can acquire selective
consistency through local plasticity. Using an echo state network framework with weak Hebbian
(Oja-type) plasticity in recurrent connectivity, I presented input time series analogous to NRD
stimuli. The network developed higher selective consistency for repeatedly experienced inputs,
while its responses to non-repeated inputs changed little. Importantly, this effect emerged without
optimisation with respect to an explicit task objective, supporting the possibility that selective
consistency can arise through self-organising dynamics. The magnitude of selective consistency
acquisition depended on the network’s baseline dynamical regime: it was maximised near

criticality, at the boundary between overly ordered and overly chaotic dynamics (with the optimum



slightly biased towards the chaotic side, where p = 1.4, p<0.001). In more ordered (e.g., p = 0.9)
or more chaotic regimes (e.g., p = 1.9), selective consistency was not observed. This result
motivates the idea that intrinsic network properties can constrain a system’s capacity to acquire
selective consistency.

In the EEG study, I tested whether neural and perceptual selective consistency develop together
during NRD, and whether individual differences in learning relate to intrinsic neural properties.
Following preregistered procedures, I collected behavioural and EEG data from 24 naive
participants (19 females, with an average age of 34.17 + 9.02 years, range = 21-45) while they
performed the NRD task. Participants listened to sounds composed of concatenated white-noise
segments and judged on each trial whether the segments were identical. Behavioural results showed
a significant learning effect: repeated-measures ANOVAs revealed a main effect of stimulus type
on hit rate (F1,23 = 5.42, p = 0.029, np?> =0.191) and on d’ (F1,23 = 12.19, p = 0.002, np? = 0.346),
with no Type x Session interactions (hit rate: F2 46 = 1.02, p = 0.367; d’: F246 = 1.46, p = 0.242).
Perceptual reports of repetition were associated with higher within-trial neural consistency in
sensory and parietal regions in broadband activity (theta, alpha, beta, with the most robust effect
of beta: FDR corrected ¢ < 107¢). Conversely, perceptual reports of repetition were associated with
lower within-trial consistency in delta-band activity in the parietal region (FDR corrected ¢ <
0.035). These relationships strengthened for the repeatedly encountered stimulus as learning
progressed (temporal and parietal beta: ¢ < 107¢; parietal delta: ¢ < 107?). In addition, delta-band
phase analyses revealed stimulus-specific inter-trial consistency in correct trials for the learnt
stimulus, but only in sessions in which learning was successful. Because phase-based measures
index cross-trial consistency in the timing of neural activity, this pattern is consistent with the
view that learning is accompanied by increased stimulus-specific consistency in task-relevant
computations at the network level.

Across the two projects, the findings converge on two conclusions. Firstly, selective-
consistency acquisition varies substantially across systems and individuals. In the EEG experiment,
learning performance distribution significantly deviated from normality (Shapiro—Wilk: W = 0.85,
p = 0.0026), with high interclass correlation across sessions, within-participant. Secondly, this
variation is predictable from intrinsic properties of the underlying network: baseline dynamical
regime in simulation and resting-state neural dynamics in humans. Given that disruptions of
criticality have been linked to neurological and psychiatric conditions, the selective consistency
framework suggests a principled way to reinterpret some impairments as constraints on the ability
to acquire stimulus-specific consistency, rather than as simple increases in variability.

In summary, although the present work focused on a single paradigm (the NRD task), the results
support the selective consistency hypothesis. Substantial challenges remain, including formalising
the mathematical mechanisms by which selective consistency can be acquired through self-
organisation, as well as linking the framework more rigorously to existing computational theories.
Nevertheless, the hypothesis is attractive in that it proposes a mechanism for the brain’s dual
nature—overall flexibility/variability alongside stimulus-specific consistency—that emerges

naturally as a dynamical property, without reliance on optimisation with respect to an explicit



objective function. Rather, considering conventional optimisation-based accounts of brain function
exploit dynamical properties, selective consistency may serve as a foundational substrate for them.
Moreover, because dynamical properties are constrained by underlying structure, this framework
may help bridge structural-level findings relevant to disease with higher-level functional
abnormalities. Thus, despite many open questions, the selective consistency hypothesis proposed

here may pave the way for a new direction in neuroscience.
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