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Abstract

Modern text-to-speech (TTS) systems generate high-quality
natural-sounding speech, but they only support a limited num-
ber of languages. Building data-hungry systems that require
large amounts of accurately paired speech and text is challeng-
ing for languages with limited resources. Yiddish is a minority
language that lacks many of the computational resources avail-
able in more widely-spoken languages. No modern TTS system
exists for Yiddish. We introduce the Reading Electronic Yid-
dish Documents or REYD (Yiddish for ‘speech’) project. Found
data is used to create a high-quality, hand-corrected TTS dataset.
This dataset is used to train FastSpeech2, a state-of-the-art TTS
system. A formal evaluation by expert and non-expert listeners
found that the system produced speech that was both intelligi-
ble and natural-sounding. The results of this evaluation were
used to further improve the dataset. The final hand-corrected
dataset, code for creating a TTS system, trained models and
other Yiddish text processing tools used in our work are publicly
released. We hope the availability of these resources will enable
new speech technology projects that better serve the needs of
Yiddish-speaking communities.

Index Terms: Yiddish, Jewish languages, speech synthesis,
low-resource languages, datasets

1. Introduction

Although text-to-speech (TTS) systems exist for a growing
number of languages, it remains challenging to create a new
system for a previously unsupported language. We describe the
construction of a TTS system for Yiddish, which exhibits the
typical features of a low-resource language, such as limited text
resources in digital form, but also poses further challenges aris-
ing from its history of contact with other world languages. For
example, the standard spelling and pronunciation of a Yiddish
word vary depending on its origin.

Modern TTS systems rely on neural models that learn
from data. Given sufficient quantities of recorded speech cor-
rectly paired with accurate phonetic transcriptions, this ap-
proach should work reliably for any language. The challenge
for a new language therefore lies in creating that data. Typical
datasets in major languages such as English [1] or Mandarin [2]
contain thousands of spoken utterances amounting to between
10 and 100 hours of speech. To the best of our knowledge, no
equivalent dataset existed for Yiddish prior to the work reported
in this paper, and therefore no TTS system could be built.

Our dataset was formed from found data, with matching au-
dio and text gathered from a range of sources not originally
intended for speech synthesis. Some text came from optical
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character recognition (OCR) scans of books, subsequently hand-
corrected. Recorded speech came from audiobooks and narrated
short stories in the public domain. We have included detailed ac-
knowledgements to the original creators of this data in section
7, where we also discuss acquiring permission for this use case.
To demonstrate the suitability of the dataset for speech syn-
thesis, we created a TTS system using a state-of-the-art neu-
ral model. This was evaluated through a listening test that in-
volved both non-expert listeners and an independent Yiddish
expert evaluator. The results were used to guide subsequent im-
provements to the dataset and TTS preprocessing code. We have
released both the dataset and the TTS system for public use.

2. The Yiddish language
2.1. Background

Yiddish is a Germanic language with Semitic and Slavic influ-
ences. It was traditionally used by Jews across Central and East-
ern Europe and is spoken today primarily in religious Jewish
communities as well as by language learners, enthusiasts and
academics who are interested in Yiddish literature and culture.
The language is written in the Hebrew script, and its orthog-
raphy has been standardized by the YIVO Institute for Jewish
Research [3], who also provide a standard form of romaniza-
tion [4]. Although a Yiddish eSpeak module and ASR dataset
were described in [5], there existed no publicly available TTS-
focused dataset or system prior to this work.

2.2. Word origins and orthographies

One challenge presented by Yiddish is that it has incorporated
words from source languages that use different orthographies.
These can be divided into two broad categories. Loshn-koydesh
(Hebrew for ‘holy tongue’) words are typically of Hebrew or
Aramaic origin. These words are based on Semitic roots, and
most vowels are omitted in the written form. Other words,
which are typically of Germanic or Slavic origin, are spelled
according to a phonemic orthography in which vowels are repre-
sented by standalone Hebrew letters, some of which also include
diacritical marks. InYiddish, the use of diacritics (or “pointing”)
disambiguates speech sounds that are represented by the same
base Hebrew grapheme, e.g., X /a/ vs. X /o/ or 8/p/ vs. 8 /f/.

3. From audiobooks to dataset
3.1. Source material

The Yiddish Book Center in Amherst, Massachusetts maintains
an array of digital resources in Yiddish. These include a small
library of audiobooks and a large library of digital books, the
latter being produced from scans of physical books using the
Jochre OCR tool [6].

The audiobooks were read by a number of narrators. We

10.21437/Interspeech.2022-789



identified Perec Zylberberg as one who spoke clearly and for
whom there was a large quantity of data. Zylberberg speaks the
Polish dialect of Yiddish. The first version of our dataset used
two books for this speaker, 4 shtet! (‘A Town’) [7] and Khaim
Lederers tsurikkumen (‘Chaim Lederer’s Return’) [8], both writ-
ten by Sholem Asch (1880-1957). Because the text was created
using OCR, there were numerous problems with transcription
accuracy. The audio was recorded onto magnetic tape in the
1990s and later digitized.

The other source of data was a series of stories and novel
excerpts compiled by researchers at the University of Haifa, Is-
rael [9]. These are read by Sara Blacher-Retter, who speaks the
Lithuanian dialect of Yiddish. The quality of these recordings
is very high, and there are corresponding manual transcriptions
written using standard YIVO (pointed) orthography.

The disparity in transcription quality, particularly with
respect to pointing accuracy, motivated some experimental
choices discussed in section 2. The results of these experiments
led us to hand-correct all texts as well as include an additional
speaker in the final version of the dataset (section 4.4).

3.2. Automated text preprocessing

A number of automated preprocessing steps were applied to
the text. These were implemented as a new Python library,
yiddish, which defines the following functions for processing
Yiddish text. We have publicly released this library [10].
Normalizing Unicode representations: It is possible to rep-
resent pointed Hebrew letters in two ways: a combination of
Unicode characters for the letter and for the diacritic, or a single
precombined Unicode symbol. We normalize source text to the
latter form, which is known as Normalization Form C [11].
Removing all pointing: Because OCR scans inconsistently in-
cluded pointing, we experimented with removing pointing com-
pletely to make the source material self-consistent.

Respelling Loshn-koydesh words: As part of our experiments,
we normalized text by respelling Loshn-koydesh words phone-
mically. We adapted a lookup table of such respellings de-
rived from entries in a published dictionary [12, 13]. The lat-
est version of the table contains 8 287 entries, including root
words, derived words and phrases. For example, the Hebrew-
origin word koved 1133 (K-V-U-D) meaning ‘honour’ is respelt
as Tvnnp (K-O-V-E-D), reflecting its standard pronunciation.

3.3. Manual text preprocessing

Some narrators read out chapter titles, and others did not, so the
corresponding text was retained or deleted as appropriate. Some
recordings contained front-matter, such as book titles and intro-
ductory music, which we removed. Most of the utterance-level
alignment between long audio recordings and text was achieved
automatically, as described in section 3.4. Prior to this, those
audiobook recordings that were divided into sections (each de-
signed to fit on one side of a cassette tape) had their correspond-
ing text manually cut into matching blocks.

3.4. Utterance-level segmentation

We started with matching texts and audio recordings with dura-
tions ranging from a few minutes to several hours. To segment
the text and audio into matching pairs of sentence-length utter-
ances, we used Aeneas [14].

Aeneas works by synthesizing each sentence using eSpeak
[15]. This low-quality synthetic speech is then matched with the
source audio using dynamic time warping (DTW), thus finding
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Table 1: Grapheme correspondences for a German-like roman-
ization of Yiddish (*context-sensitive, see [10]; **even when this
Yiddish grapheme was absent, an e was added before word-final
syllabic n and 1).
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Figure 1: Waveform, spectrogram and TextGrid for an example
utterance from the dataset.

the source audio for that sentence.

eSpeak does not support Yiddish, so we improvised a
method of converting Yiddish text from its standard Hebrew-
based orthography into an orthography resembling German,
which is the language most similar to Yiddish that eSpeak does
support. This orthographic translation was done in a rather naive
way, with simple character substitutions as listed in Table 1. An
illustrative example sentence from the Universal Declaration of
Human Rights is given in Table 2.

Despite the obviously poor quality of the synthetic speech
generated by our improvised Yiddish eSpeak, inspection showed
that the sentence-level segmentation produced by Aeneas was
highly accurate.

3.5. Forced alignment

Our chosen TTS model requires phone alignments. These
within-sentence alignments were found using the Montreal
Forced Aligner (MFA) [16]. In our case, instead of phones,
we used Hebrew character graphemes. MFA was trained on
the dataset segmented using Aeneas, resulting in Praat-format
[17] TextGrid files storing timestamps for word and grapheme
boundaries. Figure 1 shows an example TextGrid.



Script/Language \ Sentence

Original Yiddish

YIVO romanization
German-like romanization
German translation
English translation

VOV PIN T3 PN j’."?l JIN 295 19M2Va UIYN YLIYND WYY

yeder mentsh vert geboyrn fray un glaykh in koved un rekht.

jeder mentsch wert gebeuren frei un gleich in kowed un recht.

Alle Menschen sind frei und gleich an Wiirde und Rechten geboren.
All human beings are born free and equal in dignity and rights.

Table 2: Example of Yiddish in the various orthographies. The corresponding German and English translations are provided for the

reader s reference (they are not required by our method).

4. Evaluation

To evaluate the dataset, we constructed single-speaker TTS
models by following the standard recipe included with an open-
source implementation [18] of the state-of-the-art TTS system
FastSpeech2 [19], using the inital version of the dataset as de-
scribed above in section 3. Output from these models was eval-
uated by 8 Yiddish speakers in a MUSHRA-like [20] listening
test, and by a Yiddish language expert who provided detailed
free-form qualitative feedback.

4.1. Systems and stimuli

The evaluation used synthetic speech generated for two target
speakers, Zylberberg and Blacher-Retter. For each speaker,
we compared 3 FastSpeech2 models, an eSpeak voice and the
ground-truth recordings. ZB and BB are the Baseline Fast-
Speech2 models, where the pointing of the original text was
unchanged (i.e., inconsistent pointing for Zylberberg and full
pointing for Blacher-Retter). ZU and BU are the same as the
baselines except that the transcriptions are all Unpointed, and
digraphs were all separated into multiple characters (e.g., the
digraph % is split into two characters 11). ZR and BR are the
same models as the baselines, but with their inputs Respelt (see
section 3.2). ZE and BE are made using the German eSpeak
module, where utterances are generated by using the romanized
version of the Yiddish, as outlined in section 3.4. ZG and BG
are Ground-truth recorded speech from the two speakers.

4.2. Structure

The text for all test stimuli used in our evaluation was hand-
corrected to remove OCR errors.

The listening test first asked questions about the evaluator’s
speaker status, including whether they grew up with Yiddish at
home or learnt it formally, as well as the regional dialect(s) that
they speak. Each evaluator was then asked to complete a se-
ries of ratings. In each screen, the evaluator was first presented
with a human recording labelled as the reference, alongside its
corresponding corrected transcription. They were then asked to
rate that sentence read by each of the five voices for the same
speaker; one of these was a repeat of the reference recording (its
identity being hidden from the evaluator). Each stimulus must
be rated on a scale from 0 to 100, and the evaluator must also
find the hidden reference and rate this as 100.

In the first 20 MUSHRA screens (10 for each of the two
speakers), evaluators were asked to rate intelligibility. In the
remaining 40 screens (20 for each speaker), no transcription was
provided and evaluators were asked to rate naturalness.

At the end of the test, evaluators were given the option to
provide written comments on the voices and to describe how
TTS technology could help their respective communities.
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4.3. Results

One evaluator’s answers were discarded because they did not
consistently rate the hidden reference as 100. The expert evalu-
ator also completed the listening test, and those responses were
analysed separately from the non-expert evaluators.

For each combination of target speaker (Zylberberg or
Blacher-Retter) and criterion (intelligibility or naturalness) sep-
arately, an ANOVA [21] test was conducted, using the responses
from all 7 valid non-expert evaluators. All four tests report a p-
value of less than 2 x 1076, meaning all pairwise differences
(within a speaker/criterion combination) are significant.

Figure 2 shows the intelligibility and naturalness ratings of
all 10 voices resulting from (3 FastSpeech2 models + 1 eSpeak
voice + ground-truth recordings) x 2 speakers.
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Figure 2: Box plots of the intelligibility and naturalness rat-
ings from 7 non-expert evaluators (top) and the expert evaluator
(bottom).

Both sets of responses follow a common pattern, with the
eSpeak voices being rated lowest by all evaluators, with no
mean intelligibility or naturalness score above 40. This is to be
expected for rule-based formant synthesis driven by text con-
verted from Yiddish to German (section 3.4). All ground-truth
recordings by definition received a score of 100. Evaluators’
ratings have a larger variance in the ratings of the Zylberberg
voices than for Blacher-Retter, indicating either that evaluators
disagreed more with one another, or that different test sentences
received highly divergent ratings. The expert evaluator’s free-
form feedback is omitted for brevity; it can be found in an ap-
pendix to [22].

The results of these evaluations motivated the additional im-
provements to the published version of our dataset discussed
next in section 4.4.



4.4. Improvements to the dataset

The neural Blacher-Retter voices received better ratings than
the neural Zylberberg voices, demonstrating the importance of
accurate transcriptions. For this reason, the published version
of our dataset includes only texts that have been manually cor-
rected (by the third author, a specialist in Yiddish). These texts
are consistent with YIVO orthographic norms and match exactly
what the narrators produced in the audio files, including disflu-
encies.

For the neural Zylberberg voices, all evaluators agreed that
ZB sounds the most intelligible and natural, ZR is second and
ZU is the worst. The performance of the neural Blacher-Retter
voices are similar to Zylberberg, but BR performs virtually the
same as BB. This result does not seem to support the argument
that unpointing the Zylberberg training data would neutralize the
inconsistency in pointing and thus boost the resulting system’s
quality. Rather, unpointing the text creates ambiguities that de-
grade the intelligibility and naturalness of synthesized speech.

The fact that the Respelt voices perform worse than Base-
line shows how well modern TTS systems can cope with or-
thographic complexities. However, this does not mean that re-
spelling non-phonemic Loshn-koydesh words does not add sig-
nificant value to a Yiddish TTS system. Actual end-users of a
TTS system are likely to input text containing Loshn-koydesh
words that did not appear in any of the training data, whose
pronunciations will be difficult to deduce without a compre-
hensive lookup table. Additionally, the expert evaluator feed-
back indicated that our respeller may have been overzealous in
modifying words that have Germanic and Loshn-koydesh homo-
graphs, where the Germanic pronunciation is much more likely.
For example, the string 7°n can either be the Germanic adjec-
tive [mid] ‘tired” or the Hebrew-origin adverb [miyad] (respelt
IN'1) ‘immediately,” but the former word is much more fre-
quent. Our published Python library of preprocessing functions
[10] includes a Loshn-koydesh respeller that does not make these
problematic replacements. Furthermore, we have verified that
the respeller correctly handles all, and only, the Loshn-koydesh
words in our published dataset.

Because hand-corrected text was determined to be so im-
portant for training a TTS system, we also made use of an ex-
ample of hand-corrected found data. Refoyl Finkel has coordi-
nated crowd-sourced corrections to OCR scans of the collected
works of Sholem Aleichem (1859-1916). Several of his books
are available as audiobooks hosted by the Yiddish Book Cen-
ter, including the novel Mot! Peysi dem khazns [23], narrated
by Leib Rubinov, a speaker of the Lithuanian dialect of Yid-
dish. In addition to segmented recordings from Zylberberg and
Blacher-Retter, our published dataset also includes utterances
from the first two tapes of Rubinov’s audiobook, which were
hand-corrected for accuracy including transcribed disfluencies.

5. The final dataset

The published dataset contains speech from 3 speakers: Zyl-
berberg, Blacher-Retter and Rubinov. These are referred to
as poll, 1itl and 1it2 respectively throughout the dataset —
codes which are based on their regional Yiddish dialects. There
are three text labels for each audio file:

* original — the original, corrected, text in YIVO standard
orthography;

* respelled — as above, but with all Loshn-koydesh words
replaced with their phonemic respellings; and
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* hasidic — where words are respelled (and unpointed) to
reflect the orthographic norms of the Hasidic commu-
nity. For example, a silent X is inserted between three
adjacent 1 or ” sequences, and the adjectival ending - is
replaced with »- (e.g., p*»1w [shneyik] ‘snowy’ is re-
spelled »°x»71w). The full implementation is given in
[10].

The final dataset contains 4 892 utterances, with a total duration
of nearly 8 hours. Utterances less than 1 second are omitted.

We intend the work described in this paper to be easily re-
producible. Along with the dataset, we have published corrected
transcripts of the source material, scripts for downloading and
segmenting the relevant audio, and scripts for normalizing and
respelling the text (phonemically and in Hasidic orthography).
We also provide model files for a multi-speaker TTS system
trained on the dataset, as well as a Google Colab-compatible
notebook to allow users without coding skills to perform Yiddish
text-to-speech on novel utterances. All of these resources are
accessible through our GitHub page: https://github.com/
REYD-TTS.

6. Conclusions and future directions

The published dataset already incorporates a number of im-
provements that were motivated by the listening test results, but
there are further steps that could be taken. First, the listeners
who took part in our experiment were recruited through an on-
line community of language researchers; future evaluation tasks
should draw from a more diverse pool of listeners, including
Hasidic Yiddish speakers, to guide further improvements. Sec-
ond, although we have included three voices representing dif-
ferent pre-Holocaust European dialects, our system would ben-
efit from additional voices, especially those of younger speak-
ers. This would likely involve commissioning new recordings
of contemporary speakers rather than relying on found data. Fi-
nally, we are currently exploring avenues to assess the practi-
cal and symbolic value of a TTS system for Yiddish-speaking
communities, whose language has so often been stereotyped as
“obsolete.”
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