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Context and Questions

Large pretrained models are the de facto backbones of current natural language and
speech processing systems

I textual models: BERT (Devlin et al., 2019), and many others
I acoustic models: wav2vec2 (Baevski et al., 2020), and many others

BERT has been shown to acquire syntactic knowledge, although it was not trained
explicitly with syntax supervision (Tenney et al., 2019; Lin et al., 2019; Rogers et al.,
2020)
Outstanding questions:

I Do acoustic models also learn syntactic knowledge, despite being trained on very low level
information (acoustic signal)?

I How is syntactic information distributed across layers?
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Contributions

We present a study of a French acoustic model: LeBenchmark (Evain et al., 2021)
Probing for 2 tasks: POS tagging, unlabeled dependency parsing
Results:

I Has LeBenchmark learnt syntax?

Yes ... to some extent
I How is syntactic knowledge distributed across the architecture layers? It peaks in the middle

layers and almost disappears in the final layers
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wav2vec2 (Baevski et al., 2020)

Transformer-based (with 24
layers)
Self supervised training using
contrastive loss
Input: raw audio signal
Pretrained model produces
vector representation of any
sound file to use for downstream
tasks (Automatic Speech
recognition, Spoken Language
Understanding, Speech
Translation)
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LeBenchmark (Evain et al., 2021)

Wav2vec2 architecture, trained on French spoken corpora
Lebenchmark7K train on 7k hours of spoken French (diverse types of speech situations)
https://huggingface.co/LeBenchmark/wav2vec2-FR-7K-large
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Probing tasks

We focus on two properties:
POS tagging: what is the part-of-speech of a token?
Unlabelled dependency parsing: what is the syntactic head of the token?
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Probing tasks

We address both tasks as token-tagging tasks:

Ouais should be assigned
INT (interjection) as POS tag
+4 as head, i.e. its relative position
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Dataset

Orféo treebank (Benzitoun et al., 2016)
Large treebank of spoken French (196h, 2.5M tokens)

I 9h have gold syntactic annotations
I the rest of the corpus have good quality silver syntactic annotations

(Silver) token-level timestamp available!
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Word Representations
Since probing tasks are word-tagging tasks, we need word representations
Mean-pooling over all frames that are within the timestamps of a word

P(pos|we , input signal) = Softmax(Wpos · we)

P(head|we , input signal) = Softmax(Whead · we)
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Experiments: Results

Similar pattern with peak at layer 14
Syntax almost disappears in last layers
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Experiments: Results on layer 14

Highest accuracy on close range
dependency

Zdravko Dugonjić , Adrien Pupier , Benjamin Lecouteux , Maximin Coavoux ( LASR Lab, Technische Universität Dresden, School of Embedded and Composite AI (SECAI), Germany Univ. Grenoble Alpes, CNRS, Grenoble INP, LIG, 38000 Grenoble, France)What Has LeBenchmark Learnt about French Syntax LREC 2024 – Torino 11 / 13



Conclusion discussion

Our results in line with Shen et al. (2023) who investigate probing
I for English whereas we experiment on French
I read/prepared speech whereas we use spontaneous speech
I with another probing methodology

Compared to BERT probing for syntax:
I LeBenchmark also has a peak in the middle layers
I but extremely sharp decrease in the final layers
I whereas for BERT: the decrease is very mild
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