
Result
● All correlations between one model and one human 

group are significant (r > 0, p < 0.001; in gray box on 
Figure 1) except for Multilingual BERT of Mandarin 
word pairs

● English GloVe correlated more with L1 than L2 
English speakers (p<0.001, n = 375)

● Mandarin Word2Vec correlated with L2 and L1 
English speakers more than English Word2Vec with 
L2 and L1 English speakers (p<0.001)

● No Mandarin model correlated more with L2 English 
speakers than with L1 English speakers

● Multilingual BERT model of English word pairs did not 
correlate significantly more (or less) with L1 than L2 
English speakers (p=0.2)

● No other models correlated differently between L1 and 
L2 English speakers
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Bilingualism & lexical semantics

❏ Second language learners gradually adapt L2 word 
meanings to be more similar to native-speakers’ 
judgments of word-word similarity [2]

❏ L2 word meanings follow a years-long trajectory & are 
shaped by both L1 and L2 knowledge [6]

❏ Bilingual lexical semantics show cross-language 
convergence [1]

Language models of semanticsHuman ratings of semantic similarity
Procedure:
1. Participants self-reported proficiency and history 

for each language they speak or understand
2. Participants rated similarity of meaning between 

two words (28 total words, 406 combinations, plus 
28 “same word” catch trials)

Analyses: 
- Subtract by 5, took mean score of each word pair
- Applied hyperbolic arctan transformation
- Construct distance matrices from word ratings 
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Language models show cross-language similarities rather than differences 
between L1 and L2 speakers

    53 English monolinguals (L1 English speakers) , 33 Mandarin-English bilinguals (L2 English speakers)
    Participants rated similarity of meaning between pairs of two words (28 words, 406 pairs) Language models show cross-language 

similarities rather than differences of L1 and L2 
English speakers

- GloVe model correlated moderately with L2, but 
less than L1. This trend is consistent with previous 
findings about translation inequivalence [6], but a 
smaller effect than expected.

- All models except for English GloVe correlated 
similarly with L1 and L2. In general, language 
models exhibit cross-language similarities than 
differences

- Between-group correlation of L1 and L2 speakers 
was stronger than expected & by far the closest 
match between any of the comparisons

Static embedding models outperform transformers 
models in noun meaning representations

Older static embedding models still correlate more to 
behavioral noun-noun similarity ratings than 
state-of-the-art transformers models.

Language models are not reliable references for 
bilingual lexical semantics

- L2 adaptation takes years to fine-tune, and it’s hard 
to track individuals in longitudinal studies

- This shows that language models are not yet 
reliable references to track language learning & 
word meaning acquisition

Pairwise correlations of human ratings to the models

Model Model Type Dimension Languages

Word2Vec Embedding 300d English, Mandarin

GloVe Embedding 300d English

Fasttext Embedding 300d English, Mandarin

BERT Transformers 768d 
(L0, pooled)

English, Mandarin, 
Multilingual (104 langs)

Procedure:
1. Query English models with original word pairs in English
2. Query Mandarin models with translated Mandarin word pairs
Analyses: 
- Extract word representations from each model
- Calculate cosine distance between each word pair
- Applied hyperbolic arctan, construct distance matrices

MethodIntroduction Discussion

Figure 1. Between group & 
model correlations

Figure 2. MDS (multidimensional scaling visualization of distance matrices, accounting for ~60% of the variance

Translation equivalence & inequivalence

Do deep learning language models reflect 
these nuances in word meaning?

➔ Word embedding model: context-independent model 
that vectorizes individual words into static vectors 

➔ Transformers model: context-dependent model that 
dynamically computes word vectors in different 
sentences

Suppose language models are effective models of word 
meanings. We predict that they will correlate with different 
groups of speakers in systematic ways:

❖ L1 English speakers ~ English models 
> 

L2 English speakers ~ English models

❖ L2 English speakers ~ Mandarin models 
> 

L1 English speakers ~ Mandarin models

❖ L1 English speakers ~ Multilingual model 
== 

L2 English speakers ~ Multilingual model

Brain response patterns 
show cross-language 
consistency between 
word meanings in English 
and Chinese [3][4]

Speakers of different 
languages derive unique 
semantic information 
from translation-equivalent 
words [6]

Bilingual 
human ratings

Monolingual 
human ratings

English 
GloVe ratings
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