Transient and lasting linguistic influences on visual perception: shifting brain
dynamics with memory consolidation
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Evidence accumulates that language influences perception (Lupyan et al. 2020). For instance, if
two objects or colors are called differently, they stand out more against each other (Maier et al. 2014;
Maier & Abdel Rahman 2018). This categorical perception effect can improve discrimination and even
conscious detection of stimuli that straddle a linguistic category boundary (Maier & Abdel Rahman 2018;
Regier & Kay 2009). Still, the neurocognitive dynamics of linguistically modulated perception are not yet
well understood. Does language influence visual perception through transient online modulations or by
inducing lasting changes to visual mental representations?

We used EEG to test how effects of newly acquired linguistic categories differ before versus after
memory consolidation during sleep. In two experiments, participants learned to associate unfamiliar
objects with new category labels. They then performed a visual search task in which they indicated the
position of one deviant object displayed together with eleven identical distractors (left vs. right visual
field). In Experiment 1, there was a two-day break between category learning and the visual search task,
allowing for memory consolidation of object labels and their association with objects. In Experiment 2,
the visual search task immediately followed the learning routine, strongly limiting memory consolidation.
Reaction times and single trial amplitudes of event-related potential (ERP) components reflecting low-
and high-level vision (P1 and N1 component), as well as attentional selection (N2 component) were
analyzed with linear mixed models.

Faster reaction times for between- compared to within-category trials confirmed a behavioral
categorical perception effect. ERPs revealed distinct neural dynamics of categorical perception before
vs. after memory consolidation, which were largely restricted to the right visual field, tying the effects to
left-hemispheric language structures of the brain. Directly after category learning, N1 amplitudes were
larger in within-category search trials. Thus, language can influence visual processing almost
instantaneously, with limited memory consolidation. Then, visual processing dynamics shifted
significantly and became more varied with memory consolidation. The N1-effect switched polarity, with
larger amplitudes in between-category search trials, such that it aligned with the canonical “visual
mismatch negativity” effects reported in studies using familiar stimuli well-established in long-term
memory (Boutonnet et al. 2013; Thierry et al. 2009). In addition, an even earlier effect in the P1
component emerged only with memory consolidation, suggesting increased efficiency or automaticity of
linguistically modulated perception. A category effect also emerged in the N2 component, suggesting
that increased attention to between-category targets comes with consolidation.

Our results show that memory consolidation is a crucial factor shaping how linguistic categories
modulate perception. We interpret these shifting dynamics to reflect fast transient modulations of
configural visual processing at first (N1), and more lasting effects on various stages throughout the
visual processing stream, including low-level feature processing (P1) as linguistic knowledge settles into
memory. Language appears to induce both, instantaneous transient modulations, as well as long-term
changes to visual perception. In line with previous evidence, including inter-area connectivity observed
with fMRI (Schmidt et al. 2019), we propose that language- and sensory areas of the brain form networks
to instantiate combined visuo-linguistic representations that are long-lasting and efficient, but can still
be interfered with if language is disrupted (e.g., with verbal interference; Winawer et al. 2007).
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