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Abstract

The Bulgarian language has specific phonetas every other language. Some
specifications make learning the pronunciation of Bulgarian more challenging for second
language learners. Together with all technological advances, speech technologies have
progressed notably in recent years. Systems suchessto-Speech and Automatic
SpeeckRecognition belong to the subfields of speech technol@gpeech synthesis and
speech recognition. They have various applications in language learning, and many studies
have proven the positive benefits of their impéertation. The Bulgarian language is not

as rich in technological resources as other languages. With the technology available, |
conducted a couple of experiments with native andnadive speakers of the language,
which aimed to test how it can be useddsol for the improvement of pronunciation of
second language learners of Bulgarian. Then | designed a simple demo, which

demonstrates an example of how they could be implemented.
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fteJHdLO S Olsj dzfflses L O dqLEyOGe Ohdlsj e COLts yk:
fmisdy jddy, sj Birizeddyd MO dOft] HdOd] L doudls]
ctsHddzd. wdMmlsjddd COIts ftojtsBtcOL o Odzgj dzO Isj € Mls
ttj U YtoddzOHdjy 0l CJ & §sHYsdhPdda i) spro
cOL §f 5L dzZ0o Odzgj dzO toj YlsO©. uvdL EH@dsO dgPls tezddg@zdj W doyf
gL mMdzj He Oz MO HBCOLOdZd foddtsydlsj zddlsj fsdzL d
diLd¢ dzj J bsdkzitso O BtSEOIs dzO Isj mndesdzse d yded ted Ml
Sirdesdzsedd ftesojHESs dWSBd¢t | ¢ Mide@ d 3 qas®, M
Csdlsts 3OO LO yYyjdz HO IsjMmlsea Ol COC Its?2 disy
fsHsBGW o Odz] dz2O0 ftesdL dsh jddilkts dz2O0 L EzyOe Oh dIs
stsoa O ftetscteOBRBJtcOr MJj B &ZO Hj BBsdemMistceOydw, Ctwists
Btsc Ols  HfGc dBdztsQjlsdzd .

vii



Resumen

El idioma b¥W garo tiene wuna fon®tica espec
especificaciones hacen que el aprendi zaj e
desafiante para los estudiantes de un segundo idioma danttodos los avances
tecnol - gicos, |l as tecnolog2as del habl a han
Los sistemas como Texd-Speech y AutomatiSpeeckRecognition pertenecen a los
Ssubcampos de | a tecnol og? aentddevoz.o'enenvariannt esi s

aplicaciones en el aprendizaje de idiomas y muchos estudios han demostrado los beneficios

positivos de su i mplementaci - -n. El i di oma b
como otros 1idiomas. Comelad | t®c nm| opga’ra ddei sepx
habl antes nativos y no nativos del i di oma,
como herramienta para mejorar | a pronunci ac
b%l gar o. Luego di sienfp&®l eu ngau ed edmeonsut ersatcria- nuns e |
podr2an i mpl ementarse.
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1. Introduction

1.1 Motivations

The Bulgarian language is neither among the most spoken languages nor are there
numerous nomative speakers who are learning it as a second language. Consequently,

the technological resources for Bulgarian are not as rich asahoeer languages since

the demand is not as high. Therefore, technologies and applications specifically aiming

to aid second language learners to improve their pronunciation in Bulgarian are limited.

From my personal perspective, as a native speak®ulghrian, from a young age, we

are taught that we should learn as many foreign languages as possible because knowing
only Bulgarian O6wondt take us anywhere 1in
fortune, but with the decrease of the Bulgarianypaion in the past decades (fig.1), the

number of native speakers, who are the majority of Bulgarian speakers, is also

diminishing.

Figure 1: Bulgarian populatiof i1 Ofyj dzj dzdj dzO© 1] dze Otedw o, 2021)



Before, due to what we are taught, | believed that neidoer would ever want to learn
Bulgarian, what would it serve them for? But after a visit to Bulgaria, a friend of mine,
who is a native Spanish speaker, got very motivated to learn Bulgarian. That is when we
realized the insufficiency of the resourcesdecond language learning of Bulgarian, and

more specifically, tools targeting pronunciation.

As a native speaker, | appreciate the beauty of the language, and | believe that there are
ways to make it more accessible to fmative speakers so that it doest become a

minority language in the near future.

1.2 Objective

The objective of this thesis is to target a specific problem in Bulgarian language learning
and to search for a solution with the help of speech technologies. More pretisaly
speech technologies can be used, so that they can aid second language learners of

Bulgarian to master their pronunciation.

1.3 Main hypothesis

The main hypothesis of this project is that Autom&jeechRecognition and Texio-
Speech systems radbe implemented into a pipeline, which can be used as a tool for

pronunciation improvement of second language learners of Bulgarian.

1.4 Approach

The approach followed in this thesis is based on research and experiments with available
speech technogies in Bulgarian. The research targets specific linguistic problems in the
second language learning of Bulgarian, as well as speech technologies and their
implementation into language learning. The experiments are conducted with both native
and nonnative speakers of the language, so the evaluation of the technology is more



accurate. The information gathered from the experiments shows which technology would
be helpful for pronunciation improvement. Then the systems, which perform well are
implemented in asimple demo, which aims to demonstrate the utility of speech
technologies for the improvement of pronunciation of second language learners of
Bulgarian.






2. Fundamentals

2.1 The Bulgarian Language

2.1.1 Overview and history

The Bulgarian languages ian IndeEuropean language, which belongs to the Slavic
language group. It is the only official language of the Bulgarian Republic. Since the
admission of Bulgaria to the European Union in 2007, it became one of the twenty four
official languages of the lEopean Union. From then on, Cyrillic has also become the
third official script of the EU, following the Latin and Greek scripts.

Bulgarian is currently spoken by an estimated total of 6.8 million people worldwide, 5.7

million of which live in Bulgaria, ounting for around 85% of the population.

Moreover, Bulgarian is the first written Slavic language. During the second half of the
ninth century, the state of the First Bulgarian Empire brothers St. Cyril and St. Methodius
(fig.2) created the Glagolitic gpt (fig.3), also known as the first Slavic alphabet. Its

purpose was to translate liturgical and christian literature from Greek to Bulgarian

languageé.

'National Geographic y tz@ze ®izd Y O . faldbad Begglafhe® 2 4 ) .
11 dze Ontgpd:Pwww.nationalgeographic.bag/a/glagotickirilica.



https://www.nationalgeographic.bg/a/glagolica-i-kirilica
https://www.nationalgeographic.bg/a/glagolica-i-kirilica

Figure 2: St. Cyril and St. Methodigsi s dteddz d [ JIssHd20, 2021)

Figure 3: Glagolitic script, the first Bulgarian alphabet
(National Geographic 1] dzcOQOtedw, 2019)

At the end of the ninth century or the beginning of the tenth century, St. Clement of Ohrid,
one of the most prominent studentsSt. Cyril and St. Methodius participated in the
creation of the Cyrillic script (fig.4). It was developed at the Preslav Literary School, and



it was aimed to replace the Glagolitic script. The script was named in honor of St. Cyril,
and in 893 it becamen official part of the Bulgarian writing system.

Figure 4: Cyrillicscript( { dh joa, 2019)

The two scripts were used in parallel until the end of the tenth and the beginning of the
eleventh century, when the Cyrillic script took over the Glagolitic one due to its ease of

writing.

Nowadays, the Cyrillic script is used in moreanh50 languages Slavic (Belarusian,
Bulgarian, Macedonian, Russian, Ukrainian, etc.) and-8lanic (Abkhaz, Bakshir,

Kazakh, Komi, Mongolian, Tajik, Tatar, etc.)(fig.5).

2 Britannica, T. Editors of Encyclopaedia (n.cCyrillic alphabet Encyclopedia Britannica.
https://www.britannica.com/topic/Cyrillialphabet

3 Cyrillic script. (2021, June 10Wikipedia https://en.wikipedia.org/wiki/Cyrillic_script
‘sdted &z yo. ( 2Wikpedia May 27) .
https://bg.wikipedia.org/wiki/%D0%9A%D0%B8%D1%80%D0%B8%D0%BB%D0%B8%D1%86%D0
%B0#%D0%A0%D0%B0%D0%B7%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B
0%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_ %6D0%B8_%D1%80%D0%B0%D0%B7%D0%B
D%D0%BE%D0%B2%D0%B8%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D0%B8



https://www.britannica.com/topic/Cyrillic-alphabet
https://www.britannica.com/topic/Cyrillic-alphabet
https://www.britannica.com/topic/Cyrillic-alphabet
https://en.wikipedia.org/wiki/Cyrillic_script
https://en.wikipedia.org/wiki/Cyrillic_script
https://bg.wikipedia.org/wiki/%D0%9A%D0%B8%D1%80%D0%B8%D0%BB%D0%B8%D1%86%D0%B0#%D0%A0%D0%B0%D0%B7%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B8_%D1%80%D0%B0%D0%B7%D0%BD%D0%BE%D0%B2%D0%B8%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://bg.wikipedia.org/wiki/%D0%9A%D0%B8%D1%80%D0%B8%D0%BB%D0%B8%D1%86%D0%B0#%D0%A0%D0%B0%D0%B7%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B8_%D1%80%D0%B0%D0%B7%D0%BD%D0%BE%D0%B2%D0%B8%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://bg.wikipedia.org/wiki/%D0%9A%D0%B8%D1%80%D0%B8%D0%BB%D0%B8%D1%86%D0%B0#%D0%A0%D0%B0%D0%B7%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B8_%D1%80%D0%B0%D0%B7%D0%BD%D0%BE%D0%B2%D0%B8%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://bg.wikipedia.org/wiki/%D0%9A%D0%B8%D1%80%D0%B8%D0%BB%D0%B8%D1%86%D0%B0#%D0%A0%D0%B0%D0%B7%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B8_%D1%80%D0%B0%D0%B7%D0%BD%D0%BE%D0%B2%D0%B8%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://bg.wikipedia.org/wiki/%D0%9A%D0%B8%D1%80%D0%B8%D0%BB%D0%B8%D1%86%D0%B0#%D0%A0%D0%B0%D0%B7%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B8_%D1%80%D0%B0%D0%B7%D0%BD%D0%BE%D0%B2%D0%B8%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://bg.wikipedia.org/wiki/%D0%9A%D0%B8%D1%80%D0%B8%D0%BB%D0%B8%D1%86%D0%B0#%D0%A0%D0%B0%D0%B7%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B8_%D1%80%D0%B0%D0%B7%D0%BD%D0%BE%D0%B2%D0%B8%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D0%B8

Figure 5: Worldwide distribution of Cyrillic alphabé¢ti Cy r i | | i 202141 phabet s o,

It is a common misconception that the Cyrillic script has Russian origins, which is not
the case. After its invention in Bulgaria, it spread to other Slavic countries such as Serbia,

Croatia, and Russia during the 10th cenfifry.

In fact, he Rusian version of Cyrillic has three more letters than the Bulgarian one. As
well, they have some differences in terms of pronunciation. Such are thedetjers

1,2 andh (detailed explanation on Bulgarian phonetics and pronunciation in section
2.2.2.7

Slliev, I. G. (2013, FebruarySHORT HISTORY OF THE CYRILLIC ALPHABBIDRS International
Journal of Russian Studidgip://www.ijors.net/issue2 2 2013/articles/iliev.html

6 Cyrillic language alphabets and how they diverge from one ano¥ede University Library. (n.d.).
https://web.library.yale.edu/cataloging/music/cyrillic

7 Jakobson, R. (2018ln Remarks on the phonological evolution of Russian in comparison with the other
Slavic languagefp. 175). essay, The MIT Press.



http://www.ijors.net/issue2_2_2013/articles/iliev.html
http://www.ijors.net/issue2_2_2013/articles/iliev.html
https://web.library.yale.edu/cataloging/music/cyrillic
https://web.library.yale.edu/cataloging/music/cyrillic
https://web.library.yale.edu/cataloging/music/cyrillic

2.1.2 Phonetics and Second language learning

Second | anguage |l earning or SLL is O6the pr
second | anguage6, where second | anguage r ef

the native language.

For seond language learners of Bulgarian, more specifically for those with no Slavic
phonetic background and mostly people with mother tongues, which use the Latin script,
the most challenging part of learning the language is the Cyrillic script.

What makesdaptation to the Cyrillic script easier is the transliteration to the Latin script.
Transliteration is a type of conversion of a text from one script to another that involves

swapping letters in predictable walys.

The Bulgarian version of Cyrillic has 30 letters (fig. 6), corresponding to 45 sounds or

phonemes, of which 6 vowels and 39 consonants.

Aa b6 Bs Ir [Oa Ee X 33

Un Ui Kk In Mm HHe Oo Mn

Ppo Cc Tt Yy ®p Xx LUy Yy
Ww Ww bbb bb HKw Aa

Figure 6: Bulgarian alphabefTanya, 2020)

Phoneme or speech sound is the smallest unpedch distinguishing one word from
another, it may have more than one variant, called allophone, which functions as a single

sound!® Phonemes are represented visually through phonetic transctipkidgg Lsually

8 RiederB i hemann RecondLanguage ) earning: Seel N.M (eds) Encyclopedia of the
Sciences of Learning. Springer, Boston, M#tps://doi.org/10.1007/978-441314286 826

9 Transliteration. (2021, May 22Vikipedia.https://en.wikipedia.org/wiki/Transliteration

loEncycl opbdia Br Phorememi Eragy dInep b dina dBni.t anni ca.
https://www.britannica.com/topic/phoneme

1 Transcription, Pronunciation and Translation of English Wondyefe. (2021, March 1).
https://myefe.com/transcriptigpronunciation



https://en.wikipedia.org/wiki/Transliteration
https://doi.org/10.1007/978-1-4419-1428-6_826
https://en.wikipedia.org/wiki/Transliteration
https://en.wikipedia.org/wiki/Transliteration
https://www.britannica.com/topic/phoneme
https://www.britannica.com/topic/phoneme
https://www.britannica.com/topic/phoneme
https://myefe.com/transcription-pronunciation
https://myefe.com/transcription-pronunciation
https://myefe.com/transcription-pronunciation

written in the International Phonetic Algbet (IPA), which provides a unique symbol for

each distinctive phoneme in a language.

The following table represents the letters of the Bulgarian alphabet, their pronunciation

in Bulgarian, as well as how they are pronounced in English according to the official

BulgarianEnglish transliteration and how they are transcribed in accordance with the

International Phonetic Alphabet (IPA). | have also included columns with example words

in Bulgaian and English, which contain the specific phoneme.

Bulgarian | Pronunciation | Pronunciation | Transcription | Example words in | Example words in
letter in Bulgarian in English (International Bulgarian English
(Official Phonetic
transliteration) Alphabet
(IPA))
d O 0] a [ a/ 0]l 3@ © car/gun
(mravkuh) - ant
l B B I b [b/p] Bt=B (bop) - beans | boy/p (in the
end of a word)
l 9 ol v [V/f] 90 ¢ twdgon)- voice/haf (in the
wagon end of a word)
¢ tc @ftkdpsi) -
beautiful
] G Gl g [a/K] cdzts(glok) - good/cok (in the
hawthorn end of a word)”
[ H H d [dA] Hj B Jddbel]-fat| dog/pat (in the
G e @ra) - city | end of a word)
t d J e [ 0] Jdgdzel¢n) - deer| pen
r Y N zh [ Al w]|yi dzhulf - pleasure/pish (in

12Encyclopbdia

B r Interaatiomal Bhanetic Alphabet

https://www.britannica.com/topic/InternatiorlahoneticAlphabet

10

Encgc)opbdi a

Britann


https://myefe.com/transcription-pronunciation
https://www.britannica.com/topic/International-Phonetic-Alphabet
https://www.britannica.com/topic/International-Phonetic-Alphabet
https://www.britannica.com/topic/International-Phonetic-Alphabet

yellow the end of a word
¢ tsyzolash) -
collage

8 L L] z [z/s] L4 dzjzeen)- zoo/plus (in the
green end of a word)
i ta (pras) - leek

9 d d [ [i] de dzi@la) ( bit

10 2 d-¢ tcOls ¢ y/j [] 25 Hyod) - iodine | youth

11 ¢ i Kk [k/g] Cts dkon) - horse | kite

12 dz dzi I [ |/ ] defded lilgv)- love
purple

13 d3 dzi m [m] dP 2 Cn@ika)- | mine
mother

14 dz dz n [n] d#s fmos)- nose | note

15 ts ts o] [ o/ O]tz i dgan)- fire | more

16 ] f ] p [p] i O te Park]- park | pork

17 tc i r [r] O dzanal- red/peo in
wound Spanish (more

rolled)

18 fn fni s [s/z] fiiz Is tc duttzn) { | sit
morning

19 Is Is i t [t/d] Igs L tphzi)¢ this | time

20 z z u [u/o/w] s te ytre)¢ rule
tomorrow

21 W Wi f [f] Wd dzdgm) - fish

11




movie
22 M n n h [X] ~tc O da@naj- hot
food
23 £y Y tz/ts [th Wt ju® d tsunami
(tsarevisa) - corn
24 Y U Y ch [th] us o jcRovek)- | cheap
human
25 z h hj sh [ 0] h dh j shishe)- |shot
bottle
26 z N hlsi sht [ ot ] | Ofls shipstid) | smahed
- happiness
27 3 J 16 5 dzw u/a [ Y/ 0]|id dzugal) - aboutia
corner
28 PAE J 30 dzi y [i/not fMd'd&e (y®4 n[ not pronounced
pronounced] | blue (softens the
previous
consonant)
29 S 8 2k yu [ju/u/jo/o] C ez yuk)t you
beak
30 c v 2w ya [ ] al al|lcg¥ Yyag)rsin |yarn

Table 1: Bulgarian alphabetpronunciation, tanscription, example'$:141516

B, zc 0ot 0 Olumelz)WRipedig.2 0 2 1
https://bg.wikipedia.org/wiki/%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0

%BA%D0%B0_%D0%B0%D0%B7%D0%B1%D1%83%D0%BA%D0%B0

YBul gar i an .Qmnigldtednte(8P21d April 23https://omniglot.com/writing/bulgarian.htm
15| earn the Bulgarian pronunciatiomolLanguage. (n.d.https://www.colanguage.com/leabulgarian

pronunciation
¥, rcod d

LokCtsa ] o

Bi dzc OwNikipedia j L d C .

(2020,

October

https://bg.wikipedia.org/wiki/%D0%91%D1%83%D0%BA%D0%B2%D0%B8_%D0%B8 %D0%B7%

D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B5_%D0%B2_%D0%B1%D1%8A%D0%BB%

D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B8%D1%8F_%D0%B5%D0%B7%D0%B8%D0

%BA.
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https://bg.wikipedia.org/wiki/%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B0_%D0%B0%D0%B7%D0%B1%D1%83%D0%BA%D0%B0
https://bg.wikipedia.org/wiki/%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B0_%D0%B0%D0%B7%D0%B1%D1%83%D0%BA%D0%B0
https://bg.wikipedia.org/wiki/%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B0_%D0%B0%D0%B7%D0%B1%D1%83%D0%BA%D0%B0
https://bg.wikipedia.org/wiki/%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B0_%D0%B0%D0%B7%D0%B1%D1%83%D0%BA%D0%B0
https://omniglot.com/writing/bulgarian.htm
https://omniglot.com/writing/bulgarian.htm
https://www.colanguage.com/learn-bulgarian-pronunciation
https://www.colanguage.com/learn-bulgarian-pronunciation
https://www.colanguage.com/learn-bulgarian-pronunciation
https://bg.wikipedia.org/wiki/%D0%91%D1%83%D0%BA%D0%B2%D0%B8_%D0%B8_%D0%B7%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B5_%D0%B2_%D0%B1%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B8%D1%8F_%D0%B5%D0%B7%D0%B8%D0%BA
https://bg.wikipedia.org/wiki/%D0%91%D1%83%D0%BA%D0%B2%D0%B8_%D0%B8_%D0%B7%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B5_%D0%B2_%D0%B1%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B8%D1%8F_%D0%B5%D0%B7%D0%B8%D0%BA
https://bg.wikipedia.org/wiki/%D0%91%D1%83%D0%BA%D0%B2%D0%B8_%D0%B8_%D0%B7%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B5_%D0%B2_%D0%B1%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B8%D1%8F_%D0%B5%D0%B7%D0%B8%D0%BA
https://bg.wikipedia.org/wiki/%D0%91%D1%83%D0%BA%D0%B2%D0%B8_%D0%B8_%D0%B7%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B5_%D0%B2_%D0%B1%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B8%D1%8F_%D0%B5%D0%B7%D0%B8%D0%BA
https://bg.wikipedia.org/wiki/%D0%91%D1%83%D0%BA%D0%B2%D0%B8_%D0%B8_%D0%B7%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B5_%D0%B2_%D0%B1%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B8%D1%8F_%D0%B5%D0%B7%D0%B8%D0%BA
https://bg.wikipedia.org/wiki/%D0%91%D1%83%D0%BA%D0%B2%D0%B8_%D0%B8_%D0%B7%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B5_%D0%B2_%D0%B1%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B8%D1%8F_%D0%B5%D0%B7%D0%B8%D0%BA

In pronunciation, difficulties for second language learners arise in phonemes, not present

in the native languages of the learners, suchi as

[*""Wlote] challenges in

pronunciation come from phonemes, which are combinatddmore than one phoneme,

such as tz, sht, yu, ya, etc, as well as from accumulations of consBhants.

Furthermore, letters in Bulgarian might be pronounced differently depending on their

position in a word. For example, when voiced consonants @ne &nd of a word they

are pronounced as voiceless. An exampl@tss [bop] - beans?® This can also be

considered as a specification of the language, which is more difficult for second language

learners to master.

From the 30 letters of the alphabet, the 6 vowels are:

Cyrillic Transliteration Transcription (IPA)
o a [ a/ 0]
! u/a [ Y/ 6]
- 0 [ o/ O]
z u [u/o/w]
J e [ O]
d i [i]
Table 2: Vowels
Yitulrrsd 10 [auviiRruL Y 13/ 10L@ER [1RS

https://download.eie.org/Docs/WebDepot/SEB%20Handbook.pdf

Bstezndtsmisd ftod o dzOHWo Odzj ddg® j elg@dzanBdid) h@.Js O

https://elearn.unsofia.bg/mod/resource/view.php?id=13605

195 0¢ Lalkzyd

https://omegals.bg/kakvuchtbulgarskigtezik-nachuzdencite/

19 [ RIT O

W dzj Is d YdzO

Bl dzé Ote ¢ d wsmegall$ R016zCeptarabert8().dzy d Is § ?
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The consonants are divided into two grouplsard and soft®?! The hard ones are
represented in the following table, where the phondmesy , d zahd( H [ ¢d AH ¥,
are written as a combination of two letters.

Cyrillic Transliteration Transcription (IPA)

B b [b]

) v [V]

G g [9]

H d [d]

b zh [ Al
H Y dzh [ dA]
L z [Z]
HL dz [dll]

¢ k K]

&z | [ @]
d3 m [m]

dz n [n]

) p [p]

te r [r]

fry s [s]

Is t [t]

20 pavies, R. (2015, September 2Bgsic Bulgarian, PronunciationConsonants, Round Duolingo.
https://forum.duolingo.com/comment/10741347/BaBidgariarPronunciatioriConsonantfkoundl.

21 Bulgarian phonology. (2021, June 1®ikipedia.https://en.wikipedia.m/wiki/Bulgarian _phonology
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https://forum.duolingo.com/comment/10741347/Basic-Bulgarian-Pronunciation-Consonants-Round-1
https://en.wikipedia.org/wiki/Bulgarian_phonology
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w f [f]
- h [X]
Y tz/ts [th
U ch [th]
h sh [ W]
Table 3: Hard consonants
The soft consonants are:

Cyrillic Transliteration Transcription (IPA)
B b [ bo]
9 0 v [ vo]
GO g [ ko]
H O d [ dO]
L6 z [ z0]
HL O dz [dll6 ]
) k [ kO]
dz6 | U
o306 m [ md ]
dz0 n [ no]
§o p [ pO]
tc 6 r [r]

o s [ s6]

15



s 6 t [t O]
W o f [ f O]
no h [ x 0]
Yo tzlts [tho ]
p) ulj [i]

Table 4: Soft consonants

In the Bulgarian language, stress is free andfixad, which makes it more difficult for

second language leener s to | earn how to pronounce ¢
( méuzh)malnm™¥m]d & y6ils (muzhoéut) [ mYAYt] the
and the stress moves from the first to the second syllable. It is also an example of how

when voiced cons@ants are at the end of a word they are pronounced as voiceless. In the

first wordy is pronounced ash[ @] , which is voiceless, whil
it is not at the end, it is voiceah[ A% .

2.2 Speech Technologies

Speech technology is ype of computing technology that can recognize, analyze,

duplicate, understand and respond to spoken human language. It has many uses and
applications. Subfields of speech technology include speech synthesis, speech
recognition, speaker recognition andifieation, and multimodal interactiof?.

Speech technology allows communication with computers without the usage of a
keyboard. Nowadays, it is implemented in every smart device, often as virtual assistants.

Some commercial personal assistants are AmAzore x a, Appl eds Siri, Gc

Mi crosoftédéds Cortana.

22 |nnovative Language Learning. (2014). Top 5 Tips for Avoiding Common Mistakes in Bulgarian. In
Learn Bulgarian- Level 1 Introduction to Bulgarian, Volume 1: Volume 1: LesseR5.&ssay.

23 Contributor, T. T. (2019, Februad 4). What is speech technolog$earchUnifiedCommunications.
https://searchunifiedcommunications.techtarget.com/definition/sgeebhology
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As well, speech technology, in the form of T¢xtSpeech, Automatic Speech
Recognition, or both, has been introduced in the majority of language learning
applications, which are applicatiorfgat aim to help users to learn and practice a specific

language (further described in section 3.2).

2.2.1 Text-to-Speech

2.2.1.1 Overview

Text-to-Speech (TTS) technology is a form of speech synthesis, which is the conversion
of normal language text intsynthesized speech or the artificial production of human
speech. It also includes converting phonetic transcriptions into sffeech.

Most TTS systems work in the following manner. The first step is tokenizatioa

written input is analyzed, and abbr&ions, numbers, dates, etc are converted into their
written form. Next, graphemmm-phoneme conversion takes place, where the text is split
into prosodic units phrases, clauses, sentences, and every word is assigned a phonetic
transcription. Afterwardsthe synthesizer converts into sound the symbolic linguistic

representation. The general process can be observed in the figure below (fig.7).

Phasing
> Text Intonation Wave Form >
Analysis > > Generation
Text Utterance Duration Utterance Speech
Composed Composed
of Words Linguistic of Phonemes
Analysis

Figure 7: Typical TTS systemii Sp e e c h

synt hesi so,

2021)

TTS was initially developed to aid visually impair@eople with reading difficulties and

learning disabilities, thus helping them overcome literacy challenges. Nowadays, TTS

24 Speech synthesis. (2021, JuneW)kipedia.https://en.wikipedia.org/wiki/Speech_synthesis
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technologies have a broader range of applications in various industries. Some of them

include Finance, Tourism, Telecommunicatioms] &learning.

2.2.1.2 TTS in language learning

E-learning is a learning system based on formalized teaching but with the help of
electronic resourceS. A subcategory of Hearning is Computer Assisted Language
Learning (CALL) (further explained in seéch 3.1). Many CALL systems implement

TTS as a tool for language learning.

Some examples include a study (Huang & Liao, 2015) conducted in Taiwan with second
language learners of English, where the implementation of TTS into the learning process
duringore semester was reported to strengthen s
their seltlearning motivation. Another study (Bione, Grimshaw & Cardoso, 2016) with

Brazilian English language learners reported their positive view on using TTS as a
pedagogal tool.

Furthemore, an experiment (Meihami & Husseini, 2014) conducted with English
language learners at the Azad University of Ghorveh, which used IVONA UK Brain
1.4.21 TTS showed that in gener al TTS had
which is a combination of features, such as word stress, word intonation, pitch contour,

and fluency.

Currently, the majority of language learning applications, such as Duolingo (further
described in section 3.2) implement T¢odSpeech technology as a téar improvement

of student pronunciation, understanding, and listening skills.

2S\What is Elearning? Definition of Hearning, Elearning MeaningThe Economic Times. (n.d.).
https://economictimes.indiimes.com/definition/earning
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2.2.2 Automatic Speech Recognition

2.2.2.1 Overview

Automatic Speech Recognition (ASR) or Speazfi ext technology is the conversion of
human speech into text, or thepess of deriving the transcription of an utterance, given

the speech wavefor.

Most ASR systems work in the following principle. First, the speaker talks to the system.

Then, their audio is broken down into phonemes, normally using acoustic language
modeling. Acoustic modeling is the relationship between phonemes/linguistic units of

speech and audio signals, and language modeling uses statistical and probabilistic
anal ysis on how |linguistic units are connec

input, the system returns a text, which is supposed to correspond to the spokéh audio.

Just like TTS, ASR also has a majority of applications in a large number of areas. Some

of them are Finance, Marketing, Healthcare, the Internet of Things, andeaigaiming.

2.2.2.2 ASR in language learning

ASR is also used as a tool for language learning so that students can practice their
pronunciation and speaking skills. A large number of studies have researched the benefits

of its application to second lgnage learning.

One example is a study (Junining, Alif & Setiarini, 2020), conducted with English
language learners in Indonesia, which shows that ASR can be used as a tool for students
to practice speaking individually so that their level of anxiety lsarreduced when

speaking in front of other people.

26 Vijaya, Samudra K. (2017, Novembe&iitomatic Speech Recognition.
http://www.iitg.ac.in/samudravijaya/tutorials/asrTutorial. pdf
27 Acousic model. (2020, January Ayikipedia.https://en.wikipedia.org/wiki/Acoustic_model
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At present, some of the language learning applications, such as Babbel (further described
in section 3.2) implement Automatic Speech Recognition technology as a tool for

improvement of student pronuncmati, understanding, and speaking skills.

Regarding ASR in Bulgarian, BulPhonC has been developed (Hateva, Mitankin &
Mihov, 2016). It is a Bulgarian speech corpus, which aims to be used for the development
of ASR Technology. But no ASR technologyaigilable in the paper and does not seem

to have been developed yet.

In section 4.2.1 | explain further about ASR technologies and their availability in

Bulgarian.
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3. State of the art

3.1. Computer Assisted Language Learning

Computer Assisted lmguage Learning (CALL), also known as ComptAeted
Instruction (CAIl) or ComputeAided Language Instruction (CALI) is "the search for and
study of applications of the computer in language teaching and leaffffg".

| did not find any papers on CALL uséat the teaching of Bulgarian. However, English

is the language with the largest number of resources on the topic, such as CALL applied
to teaching English as a foreign language (EFL) in Saudi Arabia (Hashmi, 2016), in Iran
(Pirasteh, 2014), etc.

In thepast Computer Assisted Language Learning attempted the implementation of ASR
systems as a tool for English language teaching, but due ttev@lvaccuracy, they
gained a poor reputation (Carrier, 2017). However, with the rapid development of
technology inrecent years, CALL systems have risen in popularity. Some benefits

include interactivity, accessibility at any time, and a stfe=s environment to learn.

Many applications are currently focused on Computer aided pronunciation training or
CAPT and arbeing used as a tool by no@tive speakers to improve their pronunciation.
According to a paper (Agarwal & Chakraborty, 2019), CAPT systems can be divided into
four categories: Visual simulation based systems, Game based systems, Comparative

phonetics bsed systems, and Artificial neural network based systems (fig.8).

28 Levy M. (1997)CALL: context and conceptualisatipOxford: Oxford University Press.

29 Computerassistd language learning. (2021, May Wikipedia.
https://en.wikipedia.org/wiki/Computerssisted_language_learning
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CAPT Systems for English

v v v v

Visual Simulation Based Game Based Systems Comparative Phonetics Artificial Neural
Systems Based Systems Network Based Systems

Figure 8: CAPT systen{&\garwal & Chakraborty, 2019)

Visual simulation based systems are normally used for younger speakers. They record

their speech and after analyzing it provide feskthrough images, videos, and animated
characters.

Game based systems can simulate-weald situations and include both formal and

informal situations.

Comparative based systems are used by adult learners, fluent in their native languages.

The learnergecord themselves and then the system provides feedback based on their
mother tongues by comparing phonemes between both languages.

Artificial neural network based systems have to be trained using a corpora of hundreds of
sentences, then they can be uedr t he detection of mi spron
speech. An example is a deep neural network, designed by Li et al. (2017) to detect and
correct mispronunciations caused by the dif
native language and Englisihcorrect conversion from letter to sound, and misreading

text prompts.

3.2. Language learning applications

Most language learning applications are game based systems. Currently, some of the most
used and among the topted applications for second larage learning include
Duolingo, Babbel, Mondly, Pimsleur, Rosetta Stone, Mango, Drops, Busuu, AudioNote,
Rocket Languages, eté.From them, Mondly, Babbel, Busuu, AudioNote, Rocket

Languages, and Rosetta Stone implement speech recognition in their sgpdimriisate

30 schumer, L. (2021, March 24).Best Language Apps fbearning on the GdGood Housekeeping.
https://www.goodhousekeeping.com/life/g32175725Amsuagdearningapps/

22


https://www.goodhousekeeping.com/life/g32175725/best-language-learning-apps/

A

student so s3pE.8ASpealpis anatheriagpkcation, which aims to enhance
the English pronunciation skills of language learners through the implementation of ASR

and has shown positive results in a study (Kholis, 2020).

The speeg recognition software is normally used, so that students can have a simulated
conversation with the application, to practice their pronunciation of specific words and
sentences, and also to help them perfect their accent. When the learner records their
speech, from the ASR output they can know if their pronunciation is correct, clear, and

how they can improve.

From all of the applications enumerated above, Mondly is the only one, which offers a
course for learning the Bulgarian langudfén Mondly, speel practices consist of
dialogues between phrases recorded by Bulgarian actors, which also appear written on
the screen, and a list of responses, from which the learner can choose to say to the device.
The speech recognition functionality is available foerpium users only, but on the
webpage, there is a defdalemonstrating how it works. Moreover, in 2017, Mondly
launched Mondly VR, where students can learn in a virtual reality environment by
communicating with chatbots and speech recognition systems. mrzD19, they

introduced multiplayer rooms, in which users can connect and practice with eaclf other.

Some other applications, which offer courses in Bulgarian include BulgarianPod101,
which is one of the best for listening comprehension but does notnraptespeech

recognition3® Another one is FunEasyLearn, which implements speech recognition as a
tool for pronunciation improvement but does not seem to be highly developed for the

Bulgarian languag&®

31 Meredithkreisa. (2021, January 18)Language Apps That Use Speech Recognition forMiatided
Learning.FluentU Language Learninpttps://www.fluentu.com/blog/speechcognitiorlanguage
learning/

32 eam Bulgarian Online in Just 10 Minutes a D&yondly Blog. (2020, September 11).
https://www.mondly.com/blog/2020/09/11/leabnlgariaronline/.

33 Play your way to a new langge with MondlyMondly. (n.d.).https://www.mondly.com/ph

34 Mondly VR Is Now Available on Steadhondly Blog. (2020, June 9).
https://www.mondly.com/blog/2019/09/25/mondbarnlanguagesn-vr-is-now-availableon-steam/
35 Bulgarian Language with a Free ApBulgarianPod101. (n.d.).
https:/ivww.bulgarianpod101.com/app/

36 Learn Bulgarian- Free, Fast & EffectiveFunEasyLearn. (n.d.https://www.funeasylearn.com/learn
bulgarian
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4. Experiments and evaluation

In order to understanghether and how speech technologies can be applied to the second

language learning of Bulgarian, some experiments had to be performed.

For the experiments, | started by researching and gathering information on which words

and phonemes are considered nabr&lenging for second language learners of Bulgarian

to pronounce. The resources were scarce, but | managed to create an initial list of 20
words (table 5). 10 of them I took from Bu
sectionn3. 2) webpadé #&sardEst WEThteesttchosebasedn ounc e
on the accumulation of consonants or the presence of specific phonemes. The idea was to
analyze the most common sources of errors to further develop my project, which ideally

had to be done in colb@ration with a Bulgarian language teacher because even though |

am a native speaker, | am not a professional linguist.

As a native speaker, | cannot clearly distinguish whether these words have the same level
of difficulty, but the general idea was thtaey did, which | wanted to confirm through

the experiments.

Cyrillic English transliteration English translation
Wl [ &zOG tsSH OteW Blagodarya thank you
W2 |1 so dX HOdzj Dovizhdane goodbye
W3 [ HieO9 j 2 Zdravey hello
wd 1 Isdyj yse € O Ptitsechovka platypus
WS |1 OlsHdzGO dz Patladzhan eggplant
W6 |fo jlsOtcded yO |[Tsvetarnitsa flower shop
W7 |stclzh O Krusha pear

37 Top 10 Hardest Bulgarian Words to PronounBelgarianPod101. (n.d.).
https://www.bulgarianpod101.com/bulgarigacabularylists/top-10-hardestwordsto-pronounce
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W8 |zi € j dz Shtarkel stork

W9 ¢ Is tc O dzdzd € Strannik stranger
WIO [r Y 2H Y Dzhudzhe dwarf
W1l |r tel dz€ &z dz€ O Drankulka trinket
W12 [sted i ¢i dzdzd €  [Triagalnik triangle
wil3 |1 dzv i ¢ Blyasak shine/glow
wld v ytej 3 HJ dad Uchrezhdenie establishment
W15 1 dztsh OH Ploshtad square
Wl |a f toj Y o Odzj Sprechkvane argument
W17 |4 € dzt yo O3 Sklyuchvam conclude
wl8 ([ j ¢ Oteflse ts Lekarstvo medicine
wil9 |l L tcd o Vzriv explosion
w20 | i toy Q9 O Darzhava country

Table 5 Initial target words

Then, based on the list, | created six sentences, which combine the different words (in

bold) into complicated sentences, which | aim to have the same level of difficulty. The

following table contains the sentences, their transliken, and translation to English:

Cyrillic

English transliteration

English translation

el si1

RABOMPY o S o3P o
HY Iz HY §fldtds to O dzdrg]
f dzsh OH O it
EytcjqHjded j Ists

Imashe sprechkvane mezhd
dzhudzheto i strannika ng
ploshtada pred

uchrezhdenieta

There was an argument
between thedwarf and thg
stranger at thesquarein front

of theestablishmert.

el s2

1Isdyd yts ok oHsO

Ptitsechovkata vidya yara

The platypus saw a brigh
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B dzW fidEOH G tstc ¢

oLtcdo O

blyasaknad gorata sledzriva.

glow over the forest after tf

explosion

el s3

i toy Oo L@z Y ki
HSG Sd 6ty ddls
Is§ -~ detfls §izC 2dz$ d

li
dogovor sshtarkelite da paz
tehnitedrankulki ?

Darzhavata sklyuchva

Does thecountry concludea|
contract with thestorks to
protect theitrinkets ?

el s4

Il yeo jlsOtedzddgiOls
ftetsH QB AOteMIs® C
f Ols dzO H jSCuatiaf o

V tsvetarnitsata ne se prodav
lekarstva, a samg@atladzhanii
krushi.

At theflower shopt h ey
sellmedicine, only eggplantg
andpears

el s5

1 Hte Qo J 2 Mmlistc O dzl
B dzOG tslB @ ths@3ts ? Is

Zdravey, stranniko,

blagodaryati za pomoshtta

Hello stranger, thank you for
your help!

el s6

[YEZHY,J BBECB] s
G dzO9 O ig! ts
stedi G6i,dzdzd & g
Hiso ) Wz®dzjte ¢ J dzQ

w
w

Dzhudzhetg koeto imash
glava s formata nariagalnik,

kazadovizhdanenashtarkela.

The dwarf , whose head wj
in the shape of miangle, saig
goodbyeto the stork.

Table

6: Initial target sentences

Then, after conducting the first ASR experiment (point 4.2.2.1) with a second language

learner of Bulgarian, whose mother tongue is Spanish, | analyzed the results based on the

participant 6s psentehce diffiailty dhey reported. It caree to the

A

conclusion that it is not an efficient solution to include more than one target word in a

single sentence. That is why | created a new list of simpler sentences, each one targeting

one word (in bold) fromhe word list. Again, the idea was that the sentences have a

similar level of difficulty. The sentences, together with their translation and translation to

English are included in the following table:

Cyrillic English transliteration English translation
e2_sl |1 &zOcetsis Ptow Blagodaryati! Thank you!
€2_S2 |1 so d) y Odgfs )< |Dovizhdang do skoro! Goodbye, see you soon!
€2_.s3 1 Hie Qo8 jROC fyd Zdravey, kak si? Hello, how are you?
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e2 s4 1 sdyj yshk§ OIE @Ptitsechovkata se hrani
zOMm4 ¢ sd3d . nasekomi. Theplatypus eats insects.
e2 sb [uw BBdztsc s tsB|Tya mnogo obicha da yalShe really likes to eat grillg

f Ols dzO H dp® daxfte

patladzhani na gril.

eggplants

e2 s6 |A o j IsOtcdadf)y O Isd@]Tsvetarnitsata se  namirgThe flower shop is located
slsmtcj M O. otsreshta. opposite.
e2s7 |1 §j<¢0tdzOlsO |V pekarnata predlagat pay
MCtekzh d krushi. The bakery offerpear pie.
€2 s8 |ssGOlsts dz0O f) Is|Kogato nastapi esenWhen autumn comestorks

hi tgC j dedslsigd Is O

shtarkelite otlitat na yug.

fly south.

e2 s9 |[Ri3ON j o fig léntes@ dImashe visok strannik predThere was a talstranger in
ftcj H d3OG OL d dgmagazina. front of the store.

e2 s10l td ¢ OL € Ols© L|Prikazkata za Snezhanka|The story of Snow White al
fmj HJ daglg z H Y j3d Ojsedemte dzhudzheta mi e[the Seven Dwarfs is my|
dzs B d d30. lyubima favorite!

e2 sllfu v d &30 d3dzts|Tya ima mnogo rachrShe has many handma

dLtcOBBE] df & 07

izrabotenidrankulki .

trinkets.

e2 sl2

stedi ¢ dzded S Hsq
sfdzatse dzd Is §
kOl j BOIsdS Ols O

Triagalnikat e edna (

osnovnite formi v matematikat

The triangle is one of thy

main shapes in mathematic

e2 s13|s O¢ HO ff toed H|[Kak da pridadem povec|How to add moreshine to
B dzw ik ¢ ts M OIs dblyasakna kosata. hair?

e2 sl4 | submitted the documents
] SHOHTSA H ts ¢ |Podadoh dokumentite v ndthe neares
dzOR dzd L &ty s X H |blizkotouchrezhdenie institution/establishment.

e2 s15)1 s f ttOL dzd y d I9Po praznitsite horata se sabDuring the hdbdays, peopl
i B d tciPdzts a®H O |naploshtada gather at thequare.

e2 sl6(l s 9tej d3d dz{Po vreme na izborite imas|During the elections, the
d zOh J mnogosprechkvaniya were many
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mMftcd ys¢ o Odedw arguments/disputes

e2 sl17 | am signing a renta
4 C dz ya Bdgts o s te|Sklyuchvam dogovor za naelagreement for the ne

dzO0 detso dw O O|na noviya apartament. apartment.

e2 s18[s sG Olsts md tgKogato se razboleya pilWhen | get ill, | takd
dzj ¢ Otemlse O lekarstva. medication.

e2_s19|vy z fj ofgdedfp dz |Chu se silewvzriv. There was a loudxplosion

e2 s20|l Hi ) OMPIls @ e ts|V darzhavata se provezhdiElections are being held in {
dLBBtEd. izbori. country.

Table 7: Simplified target sentences

In the following section (4.1) is described the analysis from therexpnts with TTS
systems. In points 4.2.2.1 and 4.2.2.2 are explained the details and results from

experiments 1 and 2, conducted with ASR systems.

4.1. Analysis of TTS systems

The analysis of the Texto-Speech systems was aimed to see whether tthadgy
could be applied as a tool for improving pronunciation of second language learners of
Bulgarian. The way it could be implemented is as a guide on how to correctly pronounce

words and sentences.

| analyzed two TTS systemdNuance TTS and OpenTT8luance TTS offers natural
sounding speech synthesis in 53 languages, one of which is Bulgarian. There are also 119
voice options, but for Bulgarian, there is only enaria, and it is not open sourée.

Open TTS is an opesource texto-speech systemrunning on docker, available in a

large number of languages, including Bulgardan.

38 Textto-Speech (TTS)rgine in 119 Voices: Nuance: Nuanbiiance Communications. (n.d.).
https://www.nuance.com/omghannelcustomerengagement/voicandivr/text-to-speech.htmi#
39 Synesthesiam. (n.d 3ynesthesiam/opentiGitHub. https://github.com/synesthesiam/opentts
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https://www.nuance.com/omni-channel-customer-engagement/voice-and-ivr/text-to-speech.html
https://github.com/synesthesiam/opentts

The evaluation of TTS systems was based on three criteriatelligibility,
expressiveness, and naturalness, ranging from 1 to 5. Intelligibility is the quality of being
understandabl®. Expressiveness is the quality of effectively conveying a thought or
feeling®! And naturalness is the quality or state of being natural, and not sounding like a

robot#? The following table shows what each score means for each criteria:

Scae | Intelligibility Expressiveness Naturalness

1 not understandable at all | not expressive at all very robotic

2 a bit understandable a bit expressive robotic

3 understandable expressive a bit natural/a bit robotic
4 very well understandable | very expresse very natural

5 perfectly understandable | perfectly expressive perfectly natural

Table 8: TTS evaluation criteria

First of all, | rated the systems myself in order to get a general idea of their performance.
In general, Daria performs very well. Thgstem is very well understandable, and also
performs well in terms of expressiveneghe interrogative questions are read with the
correct intonation for a question and makes pauses where there are commas. Regarding
exclamatory sentences, they are ngirezsed very well. For some words, the stress is
mispronounced, which makes them sound a bit unnatural, but in general, the voice is very
natural. For the majority of the words from the list (Table 5 in section 4), the system

performs on a satisfactory lev

On the other hand, OpenTTS is very robotic. For me, as a native speaker, regarding
intelligibility, the majority of words and phrases are very well understandable. It reads

interrogative sentences correctly and pauses where there are commas. Ag,n Dar

4Ointelligibility. Cambridge Dictionary. (n.d.).
https://dictionary.cambridge.org/dictionary/english/intelligibility

41| exico Dictionaries. (n.d.). Definition XPRESSIVENESSexico Dictionaries | English.
https://www.lexico.com/definition/expressivess.

42| exico Dictionaries. (n.d.). Definition dIATURALNESS exico Dictionaries | English.
https://www.lexico.com/definition/naturalness.

30


https://dictionary.cambridge.org/dictionary/english/intelligibility

exclamatory sentences are not really expressive. Stress is again mispronounced for some
words, which combined with the robotic voice makes it more unintelligible in some

sentences.

After rating the systems myself, | ran a perception test with an eguaber of native

and nonnative speakers of Bulgarian.

Are you a native speaker of Bulgarian?
18 responses

@® Yes
® No

Figure 9: Perception test participants ratio

It consisted of a Google forms questionndiig 10), where | asked them to evaluate the
recordings of Daria for the first six sentences (Table$eaction 4) and of OpenTTS for

all the sentences (Tables 6 and 7 in section 4).
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Text-to-Speech analysis

This analysis aims to gather data on whether Text-to-Speech systems can be used as a tool
for improving pronunciation of second language learners of Bulgarian

*Required

Are you a native speaker of Bulgarian? *

O Yes
O No

Figure 10: TTS perception test questionnaire

The following table includes links to the recordings of the six sentences for experiment 1
(Table 6 in section 7). In the firsblumn are the recordings of Daria (NuanceTTS), in

the second oneof OpenTTS, and in the third orehe recordings of a native speaker.

The recordings of the native speaker serve as an example of how the sentences should be

pronounced correctly.

Daria OpenTTS Native speaker
el sl el sl el sl
el s2 el s2 el s2
el s3 el s3 el s3
el _s4 el _s4 el s4
el s5 el ss el s5
el s6 el s6 el s6

Table 9: TTS experiment 1
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https://drive.google.com/file/d/1IcBxe075sJG0ZKySlYv2trwtA1Ddocyc/view?usp=sharing
https://drive.google.com/file/d/10x_4v3v9O1iC3w3-NW03OddC0N-bLSvv/view?usp=sharing
https://drive.google.com/file/d/12mHxqTyeeezt5XkXZpRzrAtQtEsjN3Cs/view?usp=sharing
https://drive.google.com/file/d/1hNP-l8AQkP9PuCg_WCL9XKJ_Lb8MElgf/view?usp=sharing
https://drive.google.com/file/d/1XQVzv6Yj8sLOsElTk-Am04-vLA7UFk8R/view?usp=sharing
https://drive.google.com/file/d/1cllqUJzOELOBKAFR74Qq6azfK8KYwZoh/view?usp=sharing
https://drive.google.com/file/d/1YX8G3zOJ_6ixeVgzWoDP2S5AN-3nTbwg/view?usp=sharing
https://drive.google.com/file/d/1GcehqOYErhXS3wY5KcaBOiM67uXkI5Ye/view?usp=sharing
https://drive.google.com/file/d/1p2ZJzQ1DabZtZVW_EyMOJ3c5eyjzqxw8/view?usp=sharing
https://drive.google.com/file/d/1Z3trllOQxj5swzDJLtRwW4VsRiD3O2t_/view?usp=sharing
https://drive.google.com/file/d/1klljB9SOlg5gEB-8SY2RRZZzW0ozscii/view?usp=sharing
https://drive.google.com/file/d/1D3EtEcZoTMEh6yAeHgWZ2UbYqyY2s2WY/view?usp=sharing
https://drive.google.com/file/d/1jHBnWBNSe1YA2k9BqNEG67xrEsDhtqDC/view?usp=sharing
https://drive.google.com/file/d/1pEARNduKi2c3n4VnB2-J4kZfFSEym_B6/view?usp=sharing
https://drive.google.com/file/d/1AS1MPFEYFttJx-pX2wvI-OPnI5V0Iaj2/view?usp=sharing
https://drive.google.com/file/d/1B1uYoIJhm2HvlM-iJEznerg67-tRG3Hw/view?usp=sharing
https://drive.google.com/file/d/1EpXGAm8P-VdN3daPa7CUg4cMLRvQ8yR2/view?usp=sharing
https://drive.google.com/file/d/1d556PGlPOIV_YBqSVbs27aVdnvUOjo-A/view?usp=sharing

The following two bar charts show the averade oa | | the participant :
intelligibility for each sentence for both Daria and OpenTTS. We can observe that the

participants perceive Daria as understandable to very well understandable, while
OpenTTS as a bit understandable.

Intelligibility in Daria experiment 1

5

4
= 3
f=
=l
[ 2
£

1

0

el sl el s2 el s3 el s4 el s5 el s6
Sentences
Figure 11: Intdligibility Daria experiment 1
Intelligibility in OpenTTS experiment 1

5

4
= 3
3
=)
[ 2
£

1

0

el sl el s2 el s3 el s4 el s5 el s6
Sentences

Figure 12: Intelligibility OpenTTS experiment 1
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The next t wo bar charts depict the averadg
expressiveness for each sentence for both Daria and OpenTTS. According to the
participants Daria is expressive, while OpenTTS ranges from not expressive at all to a

bit expressive.

Expressiveness in Daria experiment 1

Expressiveness

el sl el s2 el s3 el s4 el s5 el s6

Daria

Figure 13: Expressiveness Daria experiment 1

Expressiveness in OpenTTS experiment 1

Expressiveness

el sl el s2 el s3 el s4 el s5 el s6

Sentences

Figure 14: Expressiveness OpenTTS experiment 1
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In the following two bar charts, we can see the average of alethefpi ci pant s o

naturalness for each sentence for both Daria and OpenTTS. The speakers rated Daria from

a bit natural/a bit robotic to very natural, while OpenTTS as very robotic to robotic.

Naturalness

Naturalness

Naturalness in Daria experiment 1

5
4
3
2
1
0
el sl el s2 el s3 el s4 el s5 el s6
Sentences
Figure 15: Naturalness Daria experiment 1
Naturalness in OpenTTS experiment 1
5
4
3
2
1
0
el sl el s2 el s3 el s4 el s5 el s6
Sentences

Figure 16:Naturalness OpenTTS experiment 1
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From the first experiment, we can conclude that Daria performs better in terms of all the
criteria compared to OpenTTS. Even when asked whether they think Daria could be used
as a tool to help second language learner$ wieir pronunciation, 100% of the

participants replied positively.

Do you think Daria could be used as a tool for improving pronunciation of second language

learners of Bulgarian? (that is if a student listens to the audio, it would be useful for them to learn)
18 responses

® Yes
® No

100%

Figure 17: Daria survey

But after conducting the experiment, | realized that NuanceTTS, consequently Daria, is
not openrsource software, and thus, unless paid for, it cannot be imptechimto a demo,

where it could serve as a tool for aiding s

However, OpenTTS is opesource software. That is why, the participants were asked to
rate the recordings of the sentences from experiment 2 (Table Bdation 4), based on

the same criteriaintelligibility, expressiveness, and naturalness (Table 8)

The following table includes links to the recordings of the sentences for experiment 2
(Table 7 in section 4). In the first column are the recordingspeEn®@TS, and in the
second onethe recordings of a native speaker. The recordings of the native speaker serve

as an example of how the sentences should be pronounced correctly.
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OpenTTSrecordings

Native speaker

e2 sl e2 sl
e2_s2 e2_s2
e2 s3 e2_s3
e2_s4 e2 _s4
e2 s5 e2 s5
e2 _s6 e2_s6
e2 s7 e2 s7
e2_s8 e2_s8
e2_s9 e2_s9
e2_s10 e2_sl10
e2 sli e2 sli
e2_sl2 e2_sl2
e2_si3 e2_si3
e2_sl4 e2_sl4
e2_sl15 e2_sl15
e2_sl16 e2_sl6
e2_sl7 e2_sl7
e2_si8 e2 si8
e2_sl19 e2_sl19
e2_s20 e2_s20

Table 10: TTS experiment 2
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https://drive.google.com/file/d/1aOSnGVeBGkwf_gkxWnJjnW_XgpGUMSII/view?usp=sharing
https://drive.google.com/file/d/1ZLBvvsmFoDyEeNQepoa4kxwCw5J4ZMQE/view?usp=sharing
https://drive.google.com/file/d/1wz6XBDdieQFRpopN99OHNdF30A8LxXqR/view?usp=sharing
https://drive.google.com/file/d/1NTwAMD55pyEbg1OkN9eLNNWr_lEJ6hGs/view?usp=sharing
https://drive.google.com/file/d/1Gh7yzAhSJnWm1y5vKkll2YwokDkPBeej/view?usp=sharing
https://drive.google.com/file/d/1_TC6MsAG1qsMHcropT6tU3C4zdfdHSxo/view?usp=sharing
https://drive.google.com/file/d/1NFsJtl1G3C8rduNKco6n1p3y9Kr0kmQO/view?usp=sharing
https://drive.google.com/file/d/1-jE-Yoje1mHbwpk4aJ2xLtR1zSNPLV8l/view?usp=sharing
https://drive.google.com/file/d/1RVeqFrVTe3H_4suxi0FV8HpEFm3jIWlC/view?usp=sharing
https://drive.google.com/file/d/1LP6JOd7kDuavYNqfvy4Ath1TNanqDmBB/view?usp=sharing
https://drive.google.com/file/d/10HQgWtTu0f-9e-78iqG62Aa8Khyv9FlA/view?usp=sharing
https://drive.google.com/open?id=1uRz5QGU8jVm1spM_rQBLqwmlcGIeTf3D
https://drive.google.com/file/d/1d4W84wCaTT-AzC5vONCsyg9EVe3BwnxR/view?usp=sharing
https://drive.google.com/file/d/15yoSzLXaKnuCi9F9u1UO61vdbK-VybL6/view?usp=sharing
https://drive.google.com/file/d/1S72PBojIOYuHgjEa1o9_A6qiRduN33s8/view?usp=sharing
https://drive.google.com/file/d/1xb-NoEz-nKfHbVI_rE1Wy4B2Ukc9PrkN/view?usp=sharing
https://drive.google.com/file/d/1AXhB1P51n4ivHtSrz09WcSWeIeXPVIFq/view?usp=sharing
https://drive.google.com/file/d/1bdDSD94F_2ymfxHpiUxIqZRrPFHNteJB/view?usp=sharing
https://drive.google.com/file/d/1pEZKUZgQg35lncsHn2OM3Va_KpZI4xJ6/view?usp=sharing
https://drive.google.com/file/d/1R4GU1BAzveYE4ihihoX7SzCupJ94tKrd/view?usp=sharing
https://drive.google.com/file/d/1Hx_3_iV8bbZeO6LQRhk8yrWBthcizPTF/view?usp=sharing
https://drive.google.com/file/d/1zUdaqKSQWA-xAflu1bwvhnsiS_EyHYLf/view?usp=sharing
https://drive.google.com/file/d/1iMN5tEzO5WDKlUlH7FniqDILxYVyWBma/view?usp=sharing
https://drive.google.com/file/d/1mvkesS67GNfy3K03pmY2qUZkaaXin-hG/view?usp=sharing
https://drive.google.com/file/d/1HNvM2WtDZvHLZaQ5jA33WifOtjZ_9b9j/view?usp=sharing
https://drive.google.com/file/d/1IsSZKuNLZOf_Z0wBv0dTVDtAx8A2YOXM/view?usp=sharing
https://drive.google.com/file/d/1pOu1yw4uY1J0n387UevniMAigxxuYpMu/view?usp=sharing
https://drive.google.com/file/d/1VFxQhk5eBRUduMSsoNqAsPxO47vX_4UG/view?usp=sharing
https://drive.google.com/file/d/1xa-eRfl8Y67dozdHncs9whyZ3590uwiX/view?usp=sharing
https://drive.google.com/file/d/1QWe8dPDOSWYhkUzF7PNnF9H7W2VJaRBn/view?usp=sharing
https://drive.google.com/file/d/1IfRgUknwXKXu0gXj4HbaYAYo-1-dpxk_/view?usp=sharing
https://drive.google.com/file/d/1EW3AxhopSU9nAbz8TBdUnkFwKtdPkVdu/view?usp=sharing
https://drive.google.com/file/d/1RvYHH7meUm62HM_uuZDiJ0JLOX1rahAK/view?usp=sharing
https://drive.google.com/file/d/1kg3Fdef1JHg7rUvy5ObExH1VTCKrQw5z/view?usp=sharing
https://drive.google.com/file/d/1IuHaKboXOYXyydgI0GLMvzVYJepbKsZS/view?usp=sharing
https://drive.google.com/file/d/1Br0aiQbFwzKlXh9nilopT76zp9_sZFE_/view?usp=sharing
https://drive.google.com/file/d/1glqjiZCIE-PN2yhbJfeRAIFzTwYm5w49/view?usp=sharing
https://drive.google.com/file/d/14F6Dpko13N6HjhSACh27X8BqBfV8LNdW/view?usp=sharing
https://drive.google.com/file/d/1ZXjUYJLM9NkduXurR-9bQeSVNwZmsQWS/view?usp=sharing
https://drive.google.com/file/d/1buPG4vj7I3Kxov1VENu2mZI6dPvl48KO/view?usp=sharing

The followingbarc harts show the average of all the
criteria for each sentence for OpenTTS.

Intelligibility in OpenTTS experiment 2

Intelligibility

Sentences

Figure 18: Intelligibility OpenTTS experiment 2

Figure 19: Expressiveness OpenTTS experiment 2
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