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Abstract

This paper addresses the challenge of integrating low-resource lan-
guages into multilingual automatic speech recognition (ASR) systems.
We introduce a novel application of weighted cross-entropy, typically
used for unbalanced datasets, to facilitate the integration of low-resource
languages into pre-trained multilingual ASR models within the context
of continual multilingual learning. We �ne-tune the Whisper multilin-
gual ASR model on �ve high-resource languages and one low-resource
language, employing language-weighted dynamic cross-entropy and data
augmentation. The results show a remarkable

1 Introduction

This paper examines: Weighted Cross-entropy for Low-Resource Languages
in Multilingual Speech Recognition. Research question: How does the cross-
lingual transferability of self-supervised speech representations a�ect down-
stream automatic speech recognition (ASR) performance in low-resource lan-
guages compared to high-resource languages, as measured by word error rate
(WER) reductions on LibriSpeech and CommonVoice benchmarks?.

2 Methodology

Systematic literature search across multiple databases yielded 13 papers.
Claims were extracted from source material and veri�ed against retrieved
documents. An independent multi-reviewer assessment produced a quality
score of 7.4/10.

3 Results

13 papers retrieved. 17 claims extracted; 13 independently veri�ed. Quality
review score: 7.4/10.
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4 Limitations

This report is a machine-generated literature synthesis and does not consti-
tute original research. Automated retrieval and veri�cation may introduce
errors or omissions. Review scores re�ect automated assessment, not hu-
man peer review. Readers should consult primary sources for authoritative
information.
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5 Extracted Claims

Claim Veri�ed Con�dence

Whisper is pre-trained and �ne-tuned to cor-
rectly classify the target text token from a pre-
de�ned vocabulary using cro

✓ 0.32

The study uses a multilingual tokenizer with the
same number of tokens for each language.

✓ 0.16

Weighted cross-entropy introduces weights for
each class to re�ect its importance in the learn-
ing process.

✓ 0.22

In the proposed method, the weight vector con-
sists of elements with a value of 1 for all high-
resource languages.

✓ 0.21

In the proposed method, the weight vector con-
sists of elements with a value greater than or
equal to 1 for the low-resou

✓ 0.20

The batch loss is computed using the mean of
the losses.

× 0.12

The study identi�ed two methods that provide
the best results for applying weights within the
cross-entropy calculation

✓ 0.21

In the Linear Progressive Weighted Cross-
Entropy approach, the weight for the low-
resource language is calculated by a l

✓ 0.39

The linear progression weight calculation de-
scribed is applied only to the Galician language
in this study.

× 0.09

Elastic weight consolidation (EWC) helps to
mitigate catastrophic forgetting.

✓ 0.16

Rehearsal or replay methods allow for periodic
revisiting of previously seen data to maintain
performance on earlier lan

✓ 0.23

Transfer learning has proved valuable for exploit-
ing knowledge from high-resource languages.

✓ 0.23

Data augmentation techniques improve the
model's ability to generalise to di�erent speech
patterns.

✓ 0.24

The research focuses on applying language-
weighted dynamic cross-entropy and data aug-
mentation to address unbalanced and

✓ 0.25

The simultaneous application of data augmenta-
tion on the target language serves to smooth the
application of weighted cr

✓ 0.23

The experiments in this study are conducted us-
ing the Whisper model.

× 0.05

The Whisper model is a weakly supervised
model.

× 0.10
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