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A French liaison learnsygstem using TTS for Japanese students

o Josafa de Jesus Aguiar Pontes, Sadaoki Furui ¢Tiolsgitute of Technology)

. system. We finalize this section by presenting hmw
1 Introduction system gives lessons about liaisons to students.
French is a language with major pronunciation

variations at word-final consonants (WFCs). Thg 1 |ntegration of our G2P engine with the
pronunciation of these graphemes may depend on the ~ommercial TTS synthesizer

context of the neighboring words or the morpho-agtit In the case of a pedagogical application, very high

roles played by them. It may even depend on thgajity is required for the synthesized speechtelrs of
intended meaning. Second language learners quie OFering completely in the closed solution, we grete
struggle to learn when to pronounce them. . .our G2P engine with the commercial TTS synthesizer.
To aIIeV|ate_th|s problem, we propose a pronunoiti\ye yse the G2P conversions produced by our own
Computer-Assisted Language Learning (CALL) systefygine. This allows us to control the phonetic sege

using TTS, with focus on liaison in French. Liaigerthe ;e synthesized. In other words, we have fleitjotb
pronunciation of a WFC when the following word $ar iy incorrect G2P conversions, and therefore, rofom
with a vowel, a mute ‘h’ or some glides [1]. Theghic improvements.

consonants of the linking words are -c, -d, -g,-m,-r, -

s, -t, -x and -z, which can be illustrated via the
words/tokens “blanc”, “grand”, “long”, “bon”, “tyd,
“premier”, “tres”, “petit”, “deux” and “chantez” in
different contexts.

Liaisons are classified into Obligatory (Ob),
Forbidden (Fo) and Optional (Op) contexts [2].
Obligatory means that the WFC must be pronounce
Forbidden means that the WFC must remain silerat in

input text

our G2P engine

final output:

—»WFC context clusters

expanded text

word stress

phonetic sequences
aligner

—phonetic sequences

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

context. And Optional means that pronouncing orthet aligned phonetic sequencij
WFC depends on the word bigram, language style| lev with word stress
of education of the speaker, among others [3]. Gire

complexity involved in predicting the pronunciatiarf

the Optional liaisons, they are left out of scogethis  Fig. 1 Communication between our G2P engine and the
investigation. We target only Obligatory and Fodsd commercial TTS synthesizer.

contexts. .

In a previous study, we have investigated the N order to produce speech, the commercial TTSsieed
prediction of the phonetic realizations of WFCs jRhonetic sequences accompanied with word stress
contexts [4]. We have developed a method for angadi mformatl_on. Our G2P engine, however, does not ipted
database for French WFCs, for predicting theif€ locations of word stress in a sentence. Indfrethe
pronunciations and for classifying their contex@ased POsition of word stress is variable. A word beirtgered
on this method, we developed a grapheme-to-phone'ﬁ‘_le'smat'on has its own stress, but_thls stressy ma
(G2P) converter, which performs the prediction glisappear when the word is uttered in a context. Fo
pronunciation of the WFCs more correctly than @@mple, the word “petit” (“little”) is pronounceds
commercial system. In terms of liaison predictiony [P(9)t'] in isolation, where the stress is at the vOjg.
G2P engine obtained comparable performance to fit in the context “petit enfant” [pltitafa] (‘little
state-of-the-art systems. child™), the stress is placed only on the final wwf the

We use this engine to produce phonologicaﬁcond _vvord [a]. In our case, we use the vyordsstre
information for our CALL system. The audio is pregd Information generated by the commercial TTS
by inputing our G2P conversions to one of the be§¥nthesizer instead, at the cost of alignment.
performing commercial TTS synthesizer [5]. We asses Given an input text, we use our G2P engine fo exXpan
Japanese students’ learning performance after uging 't @S shown in Fig. 1. Numbers, abbreviations and
system and we compare it to a traditional learni mpound words are segmented in order to allow the

method on the liaison subject. alignment of word stress with our phonetic sequence
Next, we input the expanded text into the commeércia
2 Our liaison learning system TTS synthesizer. This system produces the stress

We start from the point in which we have alreadiftbuinformation and the phonetic sequence. The boueslari
an engine that is able to convert French text infd each word/token in the phonetic sequence are
sequences of phonetic symbols, as well as prod@glimited by a special character. Most of the tirtieg
classification of WFC contexts (Ob, Fo and Op). Tehonetic word/token boundaries produced by thisesys
introduce our CALL system, we start with the intgpn correspond to the same segmentation produced by our
of our G2P engine with the commercial TTS syntharsizG2P  engine. In  this case, the alignment is
Next, we present a couple of functionalities of owtraightforward. However, in the case of compound

BANEEDTZNDTTSE RNZT 5V AT TV VBV AT L
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words, a couple of alignment rules are appliedrdeoto can listen to its pronunciation without distortioaused

solve the misalignment issues. When the alignmentbiy the influence of the phonetic context.

finally obtained, we input both phonetic sequence a

locations of stresses into the commercial TTS sgider 2.3 Lesson about liaison

to produce the final audio. Our system provides a theoretical explanation about

liaisons. It contains the definition of liaison, liat of

2.2 Functionalities of our CALL system possible graphemic consonants, its context classifins
Our system allows a user to input French text angth and respective examples. All examples can be played

it converted into speech. In addition, it outpute t The student can read these explanations in Japanese

written phonetic representation of the speech. alisvs listen to the audio for each example.

students to compare the spoken sounds with itsIn addition, each category of context unfolds apteu

corresponding phonetic sequence. That is to say, ti representative liaison rules. For the Obligatory

visual and audio stimuli work together, allowingethcontexts, 5 main rules are explained. A brief sunynoh

students to identify the sounds and compare theth wihem is shown in Table 1. This lesson also cont&ins

the similar ones. Another advantage of outputing tmain rules for Forbidden contexts (cf. Table 2) &nhd

phonetic sequences is that, even if the synthesigedch other rules for Optional contexts (cf. Table 3).

is not perfect, the student can still learn thettemi Each rule is displayed in the shape of URL linkse T

pronunciation and realize any mismatch. That is Wiy naviagation accross the rules allows a studenbisut

very important to provide correct G2P conversioos ffurther details about each rule and search for tizahail

the students. sentence examples following the same rule. This
The focus of this investigation, however, is ofunctionality is likely to help the students to wmstand

teaching classification of Obligatory and Forbiddetne rules more concretly, and have more chances to

liaison contexts. To do so, our CALL system hightgy practice them. Furthermore, the user can modifyh suc

the WFCs in different colors, according the contegixamples as he/she likes and have the modified text

classification in which a word falls into. Greenlao processed. By doing so, it becomes easier to utachers
indicates that the pronunciation of a WFC is Olibgea how different contexts affect the pronunciation thé

Red color means that the consonant should not \W&Cs.

real|zed_|n_ tha_t context. Orange color is used WﬂIETl Table 1 Main Obligatory liaisons rules.

pronunciation is Optional. Our system can classifyy : — : —

. : Articles, adjectives, demonstrative adjectives,

simple Optional cases though. . o :
possessive adjectives or numeral adjectives

One novelty of our system is thatdisplaysto the

followed by nouns. Ex. “les _ amis”.

students which liaison cluster a word/token in eaht
falls into. Depending on the context, the pronuticia

(Subject / direct object / y / en) pronouns folla
by verbs. Ex.: “nous _ avons”.

may vary. Thus, the student can try to input thmesa
word in different contexts to see how the pronutiziais

A verb being connected with a vowel initi
pronoun through a hyphen. Ex.: “Dit_-il ?”.

affected. This makes the study of French pronuiaciat
interactive and dynamic, given the flexibility ofinG2P
converter to process any French text.

Monossilable prepositions following vowel-initi
nouns, pronouns, articles. Ex.: “en _ Asie”.

The student can check the pronunciation of a wa

rffixed expressions. Ex.: “pas _ a pas”.

Al

ending with a final consonant by highlighting therd

Table 2 Main Forbidden liaisons rules.

and clicking on a play button. In this case, thetam
processes the highlighted word in isolation ang/gligs

Word bigrams belonging to distinct rhythm
groups. Ex. “comment | étudier”.

ic

audio. In case of a word in an Obligatory liaisamtext

After the conjunction “et”. Ex.: “et | alors”.

(indicated by a green final consonant), the fin
consonant of the isolated word is not pronounce

“Before words starting with an “aspirated h”
Similar behavior. Ex.: “des | haricots”.

whereas the one in context is. This feature is haavot
novelty of our system, which allows the studenstiody
the pronunciation variability of the WFCs bgteningto

Single nouns followed by adjectives. Ex.: “pay]
africain”.

different pronunciations of the same word.
Naturally, the same highlighting mechanism works fi

Verbs being connected with pronouns in questio
imperative sentences. Ex.: “Vont-ils | arriver?”.

a longer sequence of words. The highlighted text

S Table 3 Rules for Optional contexts.

processed independently and the user can listenlyoa
small chunk of speech of a sentence. This funclityria
particularly useful when the student is not familith

The words “pas” or “mais” followed by a vowe
initial word, when such a bigram is in the sa
rhythmic group. Ex. “pas [z] encore ".

I
me

the pronunciation of a certain word. Supposedlg t
presence of an unknown word in a sentence preteats
student from learning the pronunciation. Listenfaghe

The words “devant”,
by a vowel-initial word, when this bigram is in t

aprés” and “depuis” followe

2d
ne

same rhythmic group. Ex. “devant [t] eux”.

pronunciation of such a word in a context is net $ame
as listening to its pronunciation in isolation. teising to
a segment of audio containing a corresponding wwhkn
word is unlikely to help students because of

(0]

when this word is synthesized in isolation, thedetu

— 1580
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The information we present in this
compatible with the explanations found

lesson
in French
rammars for Japanese students. Studying from our
ystem, however, is likely to be more interesting o

is

bffective than reading this information from a bodke
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student is allowed tanteract dynamically with our for the third problem, there is one or more phraghkere
system by inputing his/her own text and by listgnto liaison is not allowed. The student needs to fine or
the speech samples. This is not possible with aedlo multiple phrase(s), out of five options. In orderavoid
media, i.e. a book or a static E-learning method. random answers, the students are advised to arismer
) . not sure" when the correct answer is unknown. Irewbr

3 Pedagogic evaluation of our CALL answers are “supposedly” penalized with negativeesc
system After finalizing the pretest, a half of the studentses

An E-learning method for Japanese students of Frert system and the other half uses T system. Therstsid
has been proposed by TUFS [6], as part of GlobaE C@ead the Japanese explanations and listen to #wechr
Program [7]. Students using this system can stiaiison audio samples. Next, they start a training sessibgre
by reading the explanations and by listening tbey answer liaison exercises. In the posttestiyihes of
prerecorded pronunciation samples. We call thethowe problems and the distribution of liaison rules dhe
as “T system”, while we name ours as “P systemthBosame as in the pretest and the liaison exercises.
systems have approximately the same Japanese |teXi@yvertheless, the words of the sentences and dhear
explanations about liaisons. are not exactly the same.

Basically, our evaluation consists of comparingséhe
two systems. T system cannot process a text inptid N
user, whereas P system is enabled to do so. Howev 1
system may produce about 5% of Obligatory liaison

2
3

Table 4 Questions of subjective questionnaire.
0. | Question
How intuitive is the navigation of T system
and P system?
How interesting is T system and P system?
How much have you learned from T system
and P system?
How much can you learn from T system and

errors, whereas T system is error free, given that
audio has been previously recorded. Which systenddvo
the students choose for studying liaison? Whiclesgss
more interesting and useful? Which system produges
better learning performance? These are some of ogr

; . ?
evaluation points. P system®
5 How much can T system and P system help
3.1 Evaluation method you to practice French pronunciation?
We have developed an evaluation system, which How useful is T system gndoP system (for
controls a couple of tasks assigned to each stufiaete learning French pronunciation
are nine tasks in total, as follows: Naturally, we can expect incorrectly answered

Task 1: A student starts by registering him/herself ~ duestions from the students. This is an opportutity

Task 2: He/she answershackground questionnaire help them to learn even more. Our system shows such
which inquires about his/her French language legrniduestions to each student and asks him/her to atorre
history. The information we get out of it should ieful theém. The student can consult the system he/slee lik
only for identifying groups of students having dami MOSt. All the questions need to be correctly amedién

characteristics. order to proceed to the next task. This activityegithem
Task 3: Apretestis presented, which tests the amouffi€ chance to use both systems, which is nece$sary
of previous knowledge about liaisons answering the subjective questions of Table 4.

Task 4: EitherP or T systemis introduced first to a
student. He/she uses one of the liaison learnistesys
for the study.

Task 5: The student answerBaison exercisavith the
support of the system which has been introducet fir

Task 6: He/she answergpasttest

Task 7: The second liaison learning systers
introduced.

Task 8:Incorrectly answered questiortd the pretest
and posttest are displayed. The student has theceha
correct them by consulting any of the learning sys.

Task 9: He/she answers saubjective questionnaire

which compares both systems and allows him/her to?rhe first problem has four questions, scoring 0.'25
express his/her impressions, points for each correct answer, or 0, otherwise.

Our evaluation is divided into two parts: objectivc-,l—herefore’ the sum of scores ranges from O to he T

o : e Its are shown in Table 5. The mean for P gisup
and subjective ones. The first part targets ohjebti resu .
finding which system is more efficient in teachin qual to the mean of T group for the pretest. Tareance

liaison. Tasks 3 to 6 are used the objective pHine tr]: I?&roup, however,fis 5 times I?rger than .T grclhlxp&tﬁ‘l
second part collects the opinion of the studentsufb at the average performance of P group is onlg

both systems. Tasks 7 to 9 address the subjedive p the pretest, but after utilizing P system, they led

The pretestcontains three types of problems. The fir%t‘eir performance §+1OO%)' The relative improvenint
one tests the student's capacity of classifyingsdia students is +86%, although they start from thenesa

contexts (Ob, Fo or Op). In the second problenmetiaee average as their counterpart (0.44). These resrdtgust

4 questions. For each one, the student has to ehaodndicative.
phrase out of 4, where liaison is strictly Forbiddés

4  Evaluation results

Eight post-graduated Japanese students learning
French participated of our evaluation. They were
separated into two groups, according to the system
have been introduced first. Let us name P grouthas
students who utilized P system first, and T grohbe t
remaining students.

4.1 Objective evaluation
We compare the scores of each group of students in
both exams, splitting the results by type of protse

A R SO — 1581 - 20113 )



Table 5 Performance of students for problem 1. aspect of both systems was the amount of learning.

Group | Measure Pretest Posttest Subjectively, they felt both systems had the same

T mean 0.44 0.81 learning contribution. Objectively, however, thessults
variance 0.02 0.02 are not the same. As we have shown in Sectionthel,

P mean 0.44 0.88 students using P system had better learning peafioce
variance 0.10 0.06 than those using T system for every problem. It is

As for the second problem, the scoring criteriothis  difficult to  subjectively evaluate ~which  system
same as problem 1. Since there is only one possiftributed more. Specifically for this measure, ety
choice, it is a relatively simple problem. The fesare On the objective results instead, given that weehdata
shown in Table 6. T group improved from 0.56 t09).6t0 show where each student has improved.
while P group almost doubled the performance agai
improving from 0.44 to 0.81. The relative improverhe
of T group is only +18%, whereas P group is +86%e T
performance of students using P system was 4.7&stim
better than students using T system, although the
results are just indicative.

5
4.5
4
3.5
3
2.5
2
1.5

\‘\*

Table 6 Performance of students for problem 2.

Group Measure Pretest Posttest . | | | |

T mean 0.56 0.69 1 2 3 4 5 6
variance 0.06 0.02 [—+—Tsystem —a—P system|

P mean 0.44 0.81 ) i L
variance 0.10 0.02 Fig. 2 Comparison between P and T systems in six

aspects of our subjective evaluation.
The third problem has 5 sentences, with multiple

correct answers. This makes this problem morecdiffi ~ According to Fig. 2, the best score obtained by P
than the previous one. The scores are differerd.Hea system was for the students’ interest. It seems the
student's answer is “I am not sure”, 0.0 pointisred for students appreciated very much the new ideas btduygh
the whole problem. Otherwise, the score is 0.2tsdor P system. It seems P system could be more helpful f
every match and 0.0 for every non-match. them to practice and useful for learning French

Table 7 Performance of students for problem 3. pronunciation than T system. The only drawback {eain

Group | Measure Pretest Posttest by the students was interface/navigation of P syste
T mean 0.60 0.90 which needs some improvement in order to become mor
variance 0.16 0.01 Intuitive.
2 e 0.35 0.90 5 Conclusions and future work
Tt 0.17 0.01 We have implemented a CALL system for teaching

In average, the performance of P group was wonse f@ison in French. We have assessed student’s ifgarn
this problem during the pretest, as shown in Tahle performance after using our system and a traditiona
Their average score was only 0.35. This seems {@ihod. Our method has been found to be more afiici
confirm the degree of difficulty for this problemihan the previous one. However, we are not surehehe
However, T group surprisingly had better perforn@ngys tendency is conclusive because we have tested
here. They obtained 0.6 points, although the vagamas just a few subjects. We need to test using mordesiis

relatively high and approximately the same as RIBrojn order to obtain statistically significant result
After the learning process, however, both groups

coincidentally finalized the posttest with the samean 6 References
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