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Abstract: The goal of this text is the presentation of the ANOPHONE annotation
system, which allows for the management and annotation of speech data to develop a tool for
the automatic transcription of speech of non-native speakers of Czech. This system is currently
designed for annotations on the segmental level of recordings of non-native speakers of Czech,
with the aim to train automatic speech recognition (ASR) models used in this tool.

After an introductory section that discusses the use of technology in pronunciation teaching
and mentions some of the e-learning applications for teaching the pronunciation of second
languages (L2), we address both general and more specific aspects of speech data annotation
to train ASR models and mention attributive and synthetic segmental systems of speech data
annotation for Czech as L2. We also briefly introduce the annotation system of non-native speakers
of Czech called BV1, which is used for testing the ANOPHONE tool. The main part of this text
focuses on presenting the annotation tool itself, while the conclusion describes the experience of
testing the speech data annotation tool using BV1 annotation system for Czech as L2.
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1 THE USES OF TECHNOLOGY IN PRONUNCIATION TEACHING

The importance of e-learning has been growing dramatically in recent years, as
has been its use in foreign language teaching (Blake 2011, cf. also Holaj 2018, Holaj
— Porizka 2021). One of the challenges is in tools that would help with the issues of
teaching pronunciation to non-native speakers, especially in providing individualized
feedback and knowledge verification, as these elements are extremely time- and
skill-intensive for teachers. Technology presents itself here as the ideal solution.
Derwing and Munro (2015) come to the same conclusion, stating that such tools
should be able to identify and automatically evaluate pronunciation errors that have
anegative effect on the intelligibility and accessibility of speech production, or
provide the user with exercises with feedback and monitor their progress through
practice. This is referred to as computer-assisted pronunciation training (CAPT) and
appears to be the most promising method for improving the level of teaching
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pronunciation to non-native speakers (cf. Levis 2007). Tools that meet these
requirements involve the use of machine learning technology.

Although there already exist several tools that address Czech pronunciation
learning, notably CzechME (Holaj et al. 2021) and ProCzeFor (Veronkova et al. 2022),
none of these tools provide an automatic feedback on pronunciation. It should be
mentioned that feedback on Czech L2 pronunciation is provided by the Czech version of
the Duolingo application, but it works on the basis of native speaker speech recognition
tools and its output is heavily biased (cf. Novackova 2017, 2018). The situation is better
in the teaching of, for example, English pronunciation, where several advanced tools
exist, notably ELSA Speak (Elsa Corp.), which focuses only on pronunciation teaching,
but even this state-of-the-art application is prone to significant errors in feedback (Becker
— Edalatishams 2019). This may be due to the fact that essentially all automatic feedback
tools for native speaker pronunciation only work with segments that occur in the
pronunciation of native speakers of a given language (Holaj — Potizka 2021).

Such annotation is time consuming and places specific demands on the annotators.
In this paper, we want to show that this process can also be greatly facilitated with the
use of technology, specifically by using the ANOPHONE annotation tool we have
developed, which reflects these specific requirements. In the following section, we
first briefly describe the issue of speech annotation and then use the example of several
speech annotation systems for non-native speakers of Czech to show what such
annotation can look like. In the last part we will introduce the ANOPHONE tool itself
and show how it can facilitate the process of annotating the speech of non-native
speakers using one of the described systems.

A solution to this problem could be a speech recognition system trained on data
from non-native speakers, which would take into account speech segments that do
not occur in the pronunciation of native speakers. However, such a system, which is
already under development (Holaj 2023), requires a huge amount of annotated audio
data (recordings). Such annotation is time-consuming and places specific demands
on the annotators. In this paper, we want to show that this process can be greatly
facilitated by using technology, specifically by using the ANOPHONE annotation
tool, which reflects these specific requirements. In the following section, we first
briefly describe the issue of speech annotation and then, using the example of several
systems for annotating the speech of non-native speakers of Czech, we show what
such annotation can look like. In the last section, we introduce the ANOPHONE tool
itself and show how it can facilitate the process of annotating the speech of non-
native speakers using one of the mentioned L2 Czech systems.

2 SPEECH DATA ANNOTATION AND L2 ANNOTATION SYSTEM FOR
CZECH

Compared to typical linguistic annotation, speech annotation is different in that it
uses audio data rather than text data. An essential criterion for speech annotation is
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deciding what the purpose of the annotation is and what aspects or features of the audio
recordings we want to capture or annotate. In most cases, sequential annotation is used,
which annotates speech as a sequence of phonemes (or speech sounds), syllables, words
or other sound segments. This design also includes all transcription-based annotations
of recordings. The essential feature of sequential annotation is that the recording is
annotated as a sequence of tags (or labels). This implicitly presumes that the recording
itself'is also a sequence of segments, with each such segment corresponding to one label
in the recording’s annotation. The order of labels (or tags) and speech segments mutually
corresponds in the vast majority of cases. However, aligning sequential annotations
represents somewhat of a problem, as the individual segments (speech sounds, syllables,
words) are not of the same length. Thus, the labels correspond to sections of different
lengths, and a simple sequential annotation alone does not provide information on how
to align these labels with the recording. Currently, this issue is most often resolved by
using a programme which uses the annotation, such as the CTC (Graves et al. 2006)
algorithm. Thanks to this algorithm, there is no need to laboriously include the manual
alignment in the annotation, and all that is required is merely to indicate the sequence of
the labels (tags) themselves, regardless of their length and alignment with the recording.
This is the approach we chose for our ASR application.

In the context of segmental annotation, it is necessary to mention the form of
the labels for the individual segments. The most common are simple synthetic labels
(tags) that have no internal structure and cannot be further divided. Each segment is
then assigned exactly one of these labels. Within this approach, one can imagine, for
example, asimple annotation of speech sounds where each speech segment
(corresponding speech sound) is assigned exactly one of the possible labels (the one
that corresponds to the given speech sound or is closest to it).

In addition to the sequential synthetic label system, there are, for example,
attributive or positional systems: an example of an attributive annotation of spoken
language are the variant annotations AV1 and AV2 (see Holaj — Pofizka 2021 for
more), which we tested in the first phase of the project, but based on the results of
the trained models, we decided to change the annotation and replace it with
a synthetic one called BV1 (Holaj 2023). An illustrative comparison of a few selected
labels for annotations AV1, AV2 and BV1 is shown in Tab. 1.

AV1 AV2 BV1
e:a a a
k:zl g g

ttvM t:vM t

Tab. 1. Illustrative comparison of a few selected annotation labels of AV1, AV2 and BV1
annotation systems

The new annotation system BV 1 is a sequence of synthetic tags (labels) without an
internal structure. A recording (sound segment) is always assigned a sequence of these

Jazykovedny &asopis, 2023, roé. 74, &. 1 335



tags separated by a space and corresponding to the sequence of speech sounds in the
recording. This system meets the requirements for simplicity (the annotation corresponds
only to the identifier of the respective speech sound), using as few tags as necessary (only
sounds selected by a user are part of the inventory) and extensibility (the annotation can
be extended with new tags and it does not interfere with other labels).

For the purpose of clarity, these labels were divided into several groups based on
two criteria. The primary criterion is the type of speech sound corresponding to the
label. Along those lines, we divide the tags into vowels, consonants and other tags
(such as aspiration, quantity, etc.), which always refer to the previous segment. The
secondary criterion indicates whether this is a speech sound from the standard Czech
inventory or a non-standard speech sound. The individual tags available in BV1 are
described in a work on a tool for automatic speech transcription of non-native speakers
of Czech (Holaj 2023).

The standard procedure for annotation in cases where the pronounced speech sound
is not among the available tags is to choose the perceptually closest speech sound. If the
pronunciation is perceived as acceptable (i.e., it is not a fundamental error in terms of
intelligibility), standard speech sounds are preferred if they are roughly similar. Non-
standard speech sounds are preferred in cases of unacceptable pronunciation.

A clear advantage of this system is its simple extensibility. Without affecting
the already existing tags, additional segments can be added into this system on the
basis of new findings, which has already occurred several times over the course of
data annotation with BV 1. This makes it easy, for example, to add segments specific
to certain nationalities as they are included among the data being annotated. The
described system was used to test our annotation tool ANOPHONE.

3  ANOPHONE AND SPEECH DATA ANNOTATION

In order to create a tool based on ASR technology, it is first necessary to collect
enough speech data from non-native speakers (in our case Czech data) and
subsequently annotate it. This annotated data is then trained via neural networks and
used to create a speech recognition model. For this annotation, we developed the
ANOPHONE application,' which fulfils a dual purpose. Firstly, it serves as an online
database of recordings of non-native speakers and a repository of their annotations
with the ability to filter data using metadata. The second purpose is the annotation of
these recordings itself through the annotation tasks that the tool allows us to create;
i.e., we can add the task for the annotation of speech sounds or another task for the
annotation of stressed and unstressed syllables etc. Although this annotation is
manual, ANOPHONE provides a user-friendly interface and makes the entire
annotation process simpler and faster minimizing annotation errors.

! https://anophone.evetech.cz
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The application is divided into an administrator section and a user section. The
user section allows annotators to browse the recordings database, including metadata
and information of the final annotation for the individual annotation tasks and
recordings. These recordings can also be filtered by metadata using regular
expressions.

Fig. 1 shows the most important part of the application, the annotation interface
itself (with the already mentioned BV1 annotation):
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Fig. 1. ANOPHONE: Interface for annotation of recordings
Explanatory notes: anotace = annotation; (anotovana) nahravka = (annotated) recording; prehrat =
to play; identifikator anotatora = annotator’s identifier; odeslat anotaci = to send an annotation;
anotovat dalsi nahravku = to annotate another recording; dostupné znacky = available labels;
vokaly = vowels; konsonanty = consonants; ostatni zna¢ky = other labels.

The lower part of the interface contains annotation instructions and the
individual (available) tags. These tags (or labels) are divided into three sections:
vowels, consonants and other tags (labels). Standard speech sounds (L2 language
inventory) are marked in green (here in light gray) and non-standard sounds are in
purple (here in dark grey). In most cases, the labels are accompanied by sample
recordings (see speaker icon) or a description of the speech sound to facilitate
orientation during annotation (to simplify the annotation process).

Both the recording and the current annotation are located at the top of the
interface. The upper left corner contains the name, the recording’s path within the
source data and a button for playing back the recording being annotated. The right
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side contains the current sequence of labels in the annotation. After clicking on
a label card, the selected label is added to the end of the sequence corresponding to
the annotation of the current segment. These labels can also be removed from the
sequence by clicking on the bin icon. Below the current annotation is the experimental
option to play back the entire sequence of tags using simple speech synthesis. In the
lower left part, there is a box for entering the annotator’s identifier (the annotation
cannot be saved without it being filled) and buttons for saving the annotation and for
moving on to annotating the next recording.

Recordings for annotation are automatically selected form the provided
database based on the number of already existing annotations for a given segment
within the currently selected annotation task. A random recording is always selected
from the recordings with the fewest annotations. A single recording can be used in
multiple annotation tasks, while the annotations are always saved for the
corresponding annotation task. Before beginning the annotation, the user chooses
from among the available annotation tasks.

ANOPHONE also allows (within the administrator section) to edit available
labels, add recordings or create new annotation tasks. The editing window essentially
allows us to define all aspects of the annotation task. Specifically, we can select
a subset (or all recordings) from the entire database of recordings based on set
parameters, which will be annotated as part of the annotation task, specify
instructions and define labels available for annotation (labels can optionally be
divided into groups named by the user). The colour of the label card and the text
colour of the given label can also be defined. An example of annotation task
administration can be seen in Fig. 2. For a specific annotation task, labels are selected
from a database of all available labels, which can also be edited by the administrator
(see Fig. 3). In this case, the administrator sets the label identifier, name, description,
and path to the recording.
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Fig. 2. ANOPHONE: Project administration
Explanatory notes: Header labels — databaze nahravek = database of recordings; anota¢ni Glohy =
annotation tasks; sprava anotaci = annotation administration.
Interface — administrace = administration; identifikator/jméno tlohy = task identifier/name;
instrukce = instructions; nazev sekce = section name; (odpovidajici) znac¢ka = (corresponding)
label; barva znacky/textu = label/text colour.
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Fig. 3. ANOPHONE: Tag (label) administration
Explanatory notes: administrace = administration; datové sady = datasets; znacka = label (tag);
nazev = name; popis = description; ilustra¢ni nahravka = sample recording; identifikator znacky =
tag identifier; metainformace = metadata.

The final relevant function of ANOPHONE available in the administration
section is annotation management. In addition to browsing recordings and manual
simplified annotation, it also allows for viewing all assigned annotations for a given
recording within all annotation tasks. This part of the application also provides
functions for setting and editing the final annotation, by selecting from different
annotations of the same segment (speech sound, word, phrase), which is then
displayed in the recording database. Annotations are grouped by recording and can
again be filtered by meta-information. The interface of this screen is shown in Fig. 4.
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Fig. 4. ANOPHONE: Annotation management
Explanatory notes: filtrovani nahravek = filtering of recordings; atributy = attributes; finalni
anotace = final annotation.
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3.1 Data Annotation Process Using ANOPHONE

During the annotation process using BV1 tagset, it is necessary to create
appropriate data structures in ANOPHONE for the individual recordings (complete
with metadata) and import them into the tool along with the recordings themselves.
Furthermore, one needs to create data for individual labels of BV1: vowels,
consonants, and other tags.

The subsequent annotation of the data prepared in the system typically occurs
in two rounds. The first, ,,draft version of the annotation, where there are several
annotations from different annotators for each recording (segment), is followed by
the second phase, in which the final annotation of the recording is determined (and
optionally modified) from the available annotations. These resulting annotations are
subsequently exported from the ANOPHONE system and, using Python scripts
(created by the authors of this text), converted to files named after the individual
recordings containing the corresponding annotation. The annotation files processed
in this way along with the recordings (both files share the same name and differ only
in the file extension: .label for annotations and .wav for recordings) were
subsequently used as input for machine learning (ASR model training). The output is
always a recording and a text file containing the relevant annotation (with labelss
separated by spaces). This format matches the input data requirements of the speech
recognition (ASR) library Persephone (Adams et al. 2018), which we used to train
all speech recognition models to create the tool for automatically transcribing the
speech of non-native speaker of Czech. (A comparison of the results of the individual
models is presented in Holaj — Potizka 2021 and Holaj 2023.)

Based on a comparison of the fully manual annotation process using a text
editor (and the AV1/AV2 attributive tagsets, see Holaj — Pofizka 2021) with the
annotation process using ANOPHONE, it can be said that ANOPHONE provides
a significant simplification and acceleration of the annotation process. Moreover,
compared to text editor-based annotation, typing errors in the annotation are
minimized. Thus, the tool proved to be very successful in testing the annotation
process of recording non-native speakers of Czech with BV1 annotation.

4 CONCLUSION

The main goal of this contribution was to present the ANOPHONE annotation
system, a flexible tool that allows for sound segments to be uploaded into
a database for further processing, i.e., speech data annotation. It also serves as
a database of recordings with their metadata. Additionally, it enables not just data
annotation, but also creating or defining sets of annotation tags or modifying them
to suit the users’ needs and applying these tags onto data (sound segments) through
a browser-based and freely available interface. ANOPHONE also allows users to
manage multiple annotation tasks for available recordings or to create new
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annotation tasks, independently of the existing ones. This language-agnostic (i.e.,
relatively universal) tool can thus be used by other researchers for other, similarly
oriented projects, helping them to improve and speed up the process of annotating
speech data.
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