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Background: Recent studies have highlighted the role of both linguistic and sensory information, par-
ticularly visual information, in shaping semantic knowledge [1]. The integration of these different
traces has been shown to vary dynamically depending on task constraints and stimulus modality, with
this evidence being largely confined to the behavioral level [2]. The present study aims to elucidate the
dynamic contribution of linguistic and visual experience to semantic representations by focusing on
the time-course of neural activations, as reflected in EEG responses to word stimuli. Key questions in-
clude: i) does visual information contribute to semantic memory over and above linguistic experience?
ii) do these effects have similar timing? iii) does their timing of activation flexibly vary depending on
the task?

Method: The study involves analyses of EEG datasets spanning different word processing tasks: a lex-
ical decision, a semantic decision, and a memorization task with a retrieval phase. The lexical decision
and the semantic decision data were obtained from openly available EEG datasets [3, 4]. Data collection
for the memorization task is close to being completed (N = 37, target N = 45). Notably, these three tasks
vary in the extent to which they require conscious activation of semantic knowledge.

We leveraged computational models to obtain measures of linguistic and visual information related to
each of the word stimuli. Respectively, we used distributional semantics models [5] to operationalize
linguistic input, and the ViSpa vector representations [6], obtained from a deep convolutional neu-
ral network, to capture concepts prototypical visual features. These computational measures are then
combined with the EEG data at subsequent 20ms time-bins by means of Representational Similarity
Analysis (RSA). These analyses allow us to assess whether and at what latencies similarity patterns of
brain activation to words are aligned with, respectively, the words linguistic similarity and the visual
similarity of the corresponding concepts.

Results: Results show different activation dynamics of linguistic and visual input across the lexical
decision and semantic decision datasets. For the lexical decision task, we found significant effects of
linguistic similarity at early latencies (~160ms), with (weaker) effects of visual information only emerg-
ing at later latencies (i.e., after 460ms). The semantic decision task, instead, elicited early effects of
visual information, starting from about 140ms with a positive peak at about 200ms, and weaker lin-
guistic effects. For the (ongoing) memorization task, we expect the largest interplay of both types of
experience, consistently with previous behavioral findings [2].

Discussion: Our results provide neural evidence for the multimodality of semantic representations.
More specifically, we find that neural responses to words reflect distinct timing of activation of different
experiential traces, such as linguistic and visual experience. Critically, we also show that both the extent
to which such experiential traces are activated and their timing vary dynamically depending on task
demands, ultimately providing evidence for a flexible semantic system.
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