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BACKGROUND

When we learn a word, what exactly have we learned, and how is this
information represented and stored in the mind and brain?

Powerful machine learning methods for interpreting brain data may allow us to
understand how word knowledge is represented and organized in the brain across
development.

Previous Limitations:

1) Functional neuroimaging with children is challenging.

2) Data-driven methods overlook rich theoretical models of semantic knowledge.
We present a study addressing these issues using a new method for recording
continuous EEG in children (“free listening”; Brennan, et al. 2019; Levari &

Snedeker, 2018) and applying existing, theory-driven, quantitative representations
of word meaning.

METHODS

ERP Recordings
27 children (ages 5-10, mean=7.5), 21 adults

Naturalistic Listening Paradigm: Participants listen to a 1594-word excerpt from
Matilda, by Roald Dahl (2003) while continuous EEG is recorded
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Analyses include ERP responses to 107 distinct verbs and 138 distinct nouns.
For types with multiple tokens, we averaged ERPs over tokens.

Data were analyzed using Representational Similarity Analysis
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Models of Words Meaning

WordNet: An ontological model of word meaning which represents words
hierarchically by their superordinate and subordinate categories. RSA calculated
over path similarity (Miller, 1995)

VerbNet: Database of verb argument structure behavior. RSA calculated over
feature vectors for each verb (Schuler, 2005)

Small World of Words (SWoW): a crowd-sourced dataset of the top 300 word
associations for each of 12,292 English words (De Deyne et al, 2019).
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RESULTS

Analyses of Reliability

We first evaluated the relationships between adult and child ERPs and replicated
systematic relationships between ERPs and neural network word embeddings such
as fastText (Bojanowski et al., 2017; He, et al. 2022)

Matilda Dataset: Verbs
adults children | fastText

adults | .34 (.0004)

children .33 (.06) | .37 (.0002)
fastText | .16 (.04) | .14 (.05) 1 (0)
Matilda Dataset: Nouns
adults children | fastText
adults | .26 (0.0002)
children .24 (.05) | .28 (.0002)
fast Text 08 (.03) | .08 (.02) 1 (0)

RSAs were significant for both nouns and verbs for both children and adults, though
only between %: and % the size of the between-subject RSAs, suggesting word
embeddings capture only some of the systematic variability in ERPs.

Analyses of Semantic Models

RSA analyses comparing ERP responses in children and adults to corresponding
relationships between verbs in WordNet, VerbNet, and SWoW, and nouns in
WordNet and SWoW.

Matilda Dataset: Verb
WordNet VerbNet SWoW

adults | .14 (.05) | .002 (.036) | .07 (.02)
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children | .11 (.06) | -.01 (.04) | .07 (.02)
WordNet 1 (0) 17 (0) | .12 (0)
VerbNet 17 (0) 1 (0) 02 (0)

Matilda Dataset: Nouns
WordNet SWoW

adults | .08 (.03) | .06 (.02)
children | .09 (.03) | .06 (.02)
WordNet 1(0) .11 (0)

DISCUSSION

ERPs capture information about semantic relationships across words.

We replicated prior findings of systematic relationships between ERPs and neural
network word embeddings, as captured by fastText. Critically, RSAs were nearly as
strong when using pairwise distances in WordNet and human pairwise similarity
judgments, like Small World of Words.

No relationship between ERPs and verb argument structure participation.
We found no relationship between ERPs for verbs and pairwise similarity in
participation in distinct argument structures (as recorded in VerbNet; Kipper et al.,
2006), despite prior evidence that the latter is highly correlated with semantics.
Note: could reflect limitations in EEG analyses or VerbNet.

Little evidence of developmental change.

No differences in patterns between children and adults. RSAs comparing children to
adults were nearly as strong as RSAs comparing children to other children or adults
to other adults
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