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• Incorrect reading with a screen reader confuses visually impaired persons and children with reading difficulties in understanding written text
• We have built two large-scale pronunciation annotated corpora in Japanese: Book Title Corpus (336M char) & Aozora Bunko Corpus (52M char.)
• We used the obtained corpus to train and evaluate BERT-based pronunciation classifiers, and obtained macro accuracy of 0.939

Research Background

Method to obtain corpora with word-level pronunciation annotations

Analysis on pronunciation distributions Experiments on predicting pronunciation using BERT
We evaluate the utility of our corpora on pronunciation prediction
• Train/dev/test data: 456,223, 152,095, and 152,180 sentences
• Model: Pretrained BERT (https://huggingface.co/cl-tohoku) for sequence labeling 
• Target: 93 heteronyms in the subword vocabulary of the pretrained BERT

We see pronunciation distributions in the obtained corpora 
to find difficulties of the pronunciation prediction task
• Target: 203 heteronymous logograms (kanji) extracted from 

applied rules for characters and “Yomi” [National Diet Library, 2021]
• Exclude compound nouns such as (国⽴駅, Kunitachi eki), since 

their pronunciations can be unique (if a dictionary covers)

1. Compiling a dictionary to enumerate pronunciation candidates in Step 4
• Exploit morphological dictionaries: MeCab (ipadic, ipadic-neologd, unidic for 

Contemporary written Japanese and Spoken Japanese) and SudachiDict (full)

2. Preprocessing (mostly normalization, see our paper for details)
• Normalize katakana, alphanumeric, and kanji
• (Book titles) use authors (its pronunciations) to expand the dictionary in Step 1
• (Aozora Bunko) collect ruby annotations as gold pronunciation for Step 4
• (Braille) convert Braille (BES, BSE and BET formats) to hiragana (pronunciation)

3. Sentence-level alignment (Aozora Bunko only)
1. Use chapter info extracted from Braille to obtain chapter-level alignments
2. Run a morphological analyzer on the text to obtain pseudo pronunciations
3. Split text into sentences by periods while matching pseudo/gold pronunciations

4. Word-level alignment (すぐ着崩す/すぐ␣き␣くずす as running example)
1. Split text into tokens in the same char types via morphemes (すぐ␣着崩␣す)
2. Find pairs of a token in the text and its pronunciation in the tokenized 

pronunciation (すぐ/すぐ␣着崩/き␣くず␣す/す)
3. Find pronunciations for kanji tokens (着/き, 崩/くず) in the kanji sequence 

(着崩/き␣くず) by building pronunciation lattices with the dictionary in Step 1

Statistics of the obtained corpora
• Book Title corpus (https://github.com/ndl-lab/huriganacorpus-ndlbib):       336,586,111 characters (16,460,687 book titles)
• Aozora Bunko corpus (https://github.com/ndl-lab/huriganacorpus-aozora):  52,385,928 characters   (1,618,222 sentences, 2044 books, 120 authors)

Japanese writing systems
Japanese sentences consist of phonograms 
(hiragana & katakana) and logograms (kanji)

パリ に ⽴ち 寄る
Pari     ni tachi    yoru (stop off at Paris)

Two difficulties in reading kanji (logograms)
• Idiomatic reading for common and proper nouns

東⾵ (kochi, a wind from east in spring)
• Heteronymous logograms

表 (hyou (table) vs. omote (outside))

Related work
• Expand a morphological dictionary for 

proper nouns from Wikipedia [T. Sato 2017]

• Obtain a pseudo (noisy) corpora from:
• Web for reading proper nouns [Sumita+, 2006]
• speech data [Kurata+ 2007, Sasada+ 2008]
• Wikipedia [Hatori+, 2011b, 2011a]
• kana-kanji conversions logs [Takahashi+ 2014]
• contexts of synonyms [Nishiyama+ 2018]

The largest corpus with manual annotation 
(BCCWJ) has just 60k sentences

Screen readers are essential for visually impaired 
persons to read text via speech
• [Japan] a law on act to further the improvement of 

reading environments for visually impaired persons
Challenge: heteronymous logograms (kanji) causes 
serious troubles in reading text by screen readers

表 に 出る
omote ni deru (listed in a table)
hyou ni deru (go outside)

Goal: improve the accuracy of a machine learning 
(ML) classifier for predicting pronunciations

• 197 out of 203 heteronymous kanji appear more than 30 times
• Pronunciation distributions vary across domains (e.g., 表, ⼤分), 

suggesting the risk of overfitting to the domain used in training
• Is there a way to collect contexts for individual readings?

• We obtained macro accuracy of 0.939 (majority class baseline: 0.884)
• Semantically-distinguishable heteronyms (⼤分, ⼼中, 表) are easy to read, 

while heteronyms depending on style/domain (故郷, ⾦⾊) are hard to read
• Some examples need more contexts for disambiguation

We exploit existing resources with sentence and document-level pronunciation annotations to obtain word-level annotations
• Book titles compiled by National Diet Library (NDL), which cover all books and magazines since the late modern era (sentence-level annotations)
• Fiction and non-fiction books in Aozora Bunko (Japanese digital library) and its Braille translations (document-level annotations)

Overview

我輩
わがはい

は猫である。 
名前はまだない。 
・・・ 

Preprocessing
(Step 2)

Sentence-level alignment
(Step 3)

Word-level alignment based on morphological analysis and dictionary 
+ postprocessing (Step 4)

Aozora Bunko
(text with patial ruby)

Aozora Bunko
(Braille)

Book titles in NDL
(with pronunciation)

Preprocessing
(Step 2)

Book/Chapter-level alignment
(Step 3)

Preprocessing
(Step 2)

我輩/わがはい␣は/わ␣猫/ねこ␣で/で␣ある/ある

我輩は猫である
わがはいわねこである

Book Title Corpus Aozora Bunko Corpus

Morphological
dictionaries

Pronuncition 
dictionary (Step 1)

我輩/わがはい␣は/わ␣猫/ねこ␣で/で␣ある/ある
名前/なまえ␣は/わ␣まだ/まだ␣ない/ない

・・・

chapters

Author:
夏⽬ 漱⽯
なつめそうせき

Author ruby

https://huggingface.co/cl-tohoku
https://github.com/ndl-lab/huriganacorpus-ndlbib
https://github.com/ndl-lab/huriganacorpus-aozora

