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Background

ConclusionsDiscussion

➢ Word2vec semantic similarity: 
static vectorial representation of word meanings

➢ Minerva surprisal: 
log probability of finding a word in a given location in sentence

➢ BERT cosine similarity: 
context-sensitive vectorial representation of word meanings

Few animals can fly as high as eaglesmolks

I asked the technician to repair my fridgemolk

I often go to swim in the public poolblerd

Congruent = same chimera, same label

Incongruent = different chimera, same label

Control = different chimera, different label, ~14% of trials
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The tiger  bit the prey with its long teeth

Many species of eagles  lay two eggs
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Testing Phase (1 sentence)
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Event-related potentials
Cluster-based Permutation Analysis

Cong vs Incong

Hypothesis: stronger N400 in 
Incongruent than in Congruent

Test whether computational measures 
can predict ERP’s amplitude 

(comparing fit of lmer with null model)
Hypothesis: ERPs amplitude predicted 

by similarities (positive slope) and 
surprisal (negative slope)

Analysis 1

Analysis 2
Computational measures:

o Each sentence was scored for its informativeness according to 
feature-based Italian norms (Montefinese et al., 2013) 

Chimera = [Pivot concept] + [Compatible concept]
o Sentences for each concept extracted from itWac

Pivot Compatible Category

Horse Rabbit Animals

Vase Ashtray Furnishings

Fork Scissors Kitchenware

Train Truck Vehicles

Shirt Skirt Cloths

Pine Cherry tree Plants

Congruent vs Incongruent
Two centroparietal clusters:

▪ 224 ~ 416 ms 
N400 (Berkum et al., 1999)
▪ 1148 ~ 1428 ms

LNC (Friederici et al., 1999)

Analysis 1

All computational measures 
captured incongruency at 

the sentence level

Analysis 2
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o Labels are pseudowords adopted in the ICP (Amenta et al., 2025)

Condition, BERT cosine similarity and Minerva 
surprisal were found to predict amplitude in the N400 

time-window

Trial structure
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Examples of chimeras included 
in the current study

➢ Humans learn new words meaning through language even in absence of direct experience with the words’ referent. 
➢ Through language we can convey novel meanings and enable the combination of known concepts in novel semantic representations. 
➢ The linguistic context in which novel words are learned is thus crucial for a successful encoding of their meaning. 
➢ Distributional semantic models (DSMs) provide methods to quantify the fitting of a context in which novel words are learned. Such models have been found to predict human 

performances in evaluating similarity between novel concepts derived by integration of two concepts (chimeras) and similar/dissimilar concepts (Lazaridou et al., 2017).

    We observed a significant effect of semantic congruency in the N400 and a Late Negative 
Component. The first can relate to difficulty of integration during lexical access (Kuperberg et al., 2020), the latter 
reflects effort of semantic reinterpretation of sentences’ meaning following closure verification (Friederici et al., 
1999). These indexes reflect successful semantic integration of novel word meanings.
Context-sensitive measures of semantic similarity and surprisal significantly predicted N400 amplitudes. 
In detail, lower similarity between encoding and testing sentences, as well as higher surprisal related to the label 
in the testing sentence given the encoding context, were found to elicit stronger N400. Interestingly, the LNC was 
modulated by condition only, not by computational measures. Results are in line with literature on existing words 
in context (Michaelov et al., 2024) and add important information about the process involved in how we learn 
novel words through language.

1) Semantic integration of novel meanings through minimal 
textual exposure elicit cerebral responses detectable by EEG 

2) Context-sensitive distributional semantic measures predict 
cerebral activity in a semantic-sensitive early time window 
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We compared the fit of a null model with different models capturing the effect of:
Condition, w2v similarity, Minerva surprisal, BERT cosine similarity

We fit separate models for the N400 and for the LNC at centroparietal roi

N400 Models fit (vs Null model) N400 models - fixed effects graphs

During novel word learning, neural signatures of 
semantic integration are modulated by linguistic 

context and can be predicted by context-sensitive 
computational models of distributional language use

= p < .05

Congruent
Incongruent

=
Final set of 972 natural sentences

N = 54 concept

X 3 informativeness levels (low, mid, high)

X 3 condition (Congruent, Incongruent, Control conditions) 

Encoding sentences Testing sentences
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