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ABSTRACT

A robot’s recognition and diagnosis of pronunciation and its speech are the most important interactions in
RALL(Robot Assisted Language Learning). This study is to verify the effectiveness of robot TTS(Text to Sound)
technology in assisting Korean English language learners to acquire a native-like accent by correcting the proso—
dic errors they commonly make. The child English language learners’ FO range and speaking rate in the 4th
grade, a prosodic variable, will be measured and analyzed for any changes in accent. We compare whether robot
with the currently available TTS technology appeared to be effective for the 4th graders and 1st graders who
were not under the formal English learning with native speaker from the acoustic phonetic viewpoint. Two groups
by repeating TTS of RALL responded to the speaking rate rather than FO range.
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1. Introduction

The development of smartphone devices have help-
ed foreign language education overcome spatial limit
such as classroom or computer room and time limit.
Such foreign language education which is based on
mobile devices is called mobile-assisted language
learning (MALL). Since mobile devices are easy to
get in hands to anybody and they are portable,
MALL is spotlighted for being a new way of learning
foreign languagel8]. For quite some time, robots have
been used in various parts of our lives, and now
there are efforts to use robots to communicate with
humans in more effective ways. In particular, com—
munication between robots and humans is the most
important component in utilizing the robots for educa-
tional purposes. Educational service robots refer to
intelligent robots used in the teaching and learning
environment. When educational service robots are
used for learning, they are primarily used foreign lan—
guage(L2) learning other than native language(L1).
This is called RALL, robot-assisted language learning
[7]. As new technology such as robots or mobile de—
vices got introduced, many studies have been pro-
gressed in order to verify whether such way of
teaching foreign language can increase educational ef-
fects [4][71[8][11]. This study focuses on prosodic
changes of Korean English learners in RALL.

Today, the focus of language learning is set on
communication. In communication—oriented learning,
the prosodic elements - the determinants of the overall
speech’s fluency - are viewed as the critical educa-
tional goal. Prosody includes accent, rhythm, in-
tonation and others. It determines sentence types and
takes role of delivering the attitude and emotion of
the speaker. Therefore in communication—focused
learning, the importance of prosody learning is em-
phasized in order to precisely deliver the intention of
the speaker and to effectively communicate with the

native speakers in the actual speaking situation

[31[5112].

Currently, there are studies on RALL, particularly
for English learning, in Asian countries such as
Korea and Japan. There are two types of RALL: au-
tonomous RALL, which has its own artificial in-
telligence, and tele-presence RALL, which is equipped
to provide the tele-presence of educational services

through a remote control the instructor uses[6][7].

2. Related Works

2.1 RALL

Numerous studies in the field report that RALL is
effective because of its capacity to play the role of a
native speaker who communicates and interacts with
the learner while making a connection at an in-
dividual levell[71[18].

Lee et al.(2011) provided results from its experiment
on English language learning of elementary school stu—
dents using two types of robots. They reported a major
improvement in the participants’ speaking skills after
activities with robot MERO which is capable of auto-
matic scoring of pronunciation quality for students’
speech and with robot Engkey taking the role of store
clerk and students taking the role of customers in a
role playing act [15]. Park et al.(2011) analyzed the les-
son plan in after-school English learning utilizing
ROBOSEM and reported the same result for effective-
ness of learning [16].

The majority of existing studies on RALL tend to
have a limited focus on academic achievement
through the verbal activities offered by robot TTS at
the expense of neglecting other components of com-
munication, para-verbal and non-verbal properties.
Given today’s foreign language education trend, which
emphasizes the acquisition of a proper accent, studies
regarding the para-verbal aspect of robot TTS are

more than necessary. However, such studies are
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non-existent so far.

2.2 Korean English language learners’ prosody

What distinguishes a non-native English speaker
from a native English speaker is not so much the
phoneme segments but rather the prosodic elements
such as accent and speaking rate[9][10]. The FO
range is a prosodic variable that shows the changes
in stress within a sentence. The FO range of the tar-
get language (L2) is known to be highly influenced
by the speaker's native language (L1). English is a
stress—timed language which has large degree of
stress change within a sentence and produces accent
through changing the stress.

On the contrary, Korean is a syllable-timed lan-
guage which is not sensitive to stress and has small-
er degree of stress change within a sentence com-
pared to English. Therefore, as displayed in <Table
1>. Korean English-learners have narrower FO range
compared to English native speakers due to the fact
that they are affected by their native language which
does not have a lot of stress changes within a sen-
tence [17]. Non—native English speakers’ narrow F0
range often leads to negative auditory perception by

native English speakers.

<Table 1> Average FO range differences[17]

American  Korean  Achievement
(Hz) (Hz) rate (%)
declarative 215 103 48%
interrogative 240 101 42%

In fact, native English speakers tend to perceive
the pronunciation of Korean English language learners
with a narrower FO range to be poorer than their
counterparts with a wider FO range [9][17]. Speaking
rate also influences the degree to which a non—native
English speaker’s accent approximates that of a na-

tive English speaker. In general, a foreign language
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learner with a lower L2 proficiency level has a slower
speaking rate, which, in turn, picks up as he/she ac-
quires a higher proficiency level[13].

As seen so far, research on Korean English lan—
guage learners’ accents indicate that, in order for
Korean English language learners to produce a na-
tive-like English accent, language instruction and
training need to be geared towards acquisition of the
FO range and speaking rate that approximate those of
a native English speaker[14].

Based on the results of previous studies conducted
on the accent of Korean English language learners,
our study established the FO range and speaking rate
as variables with which to analyze the effectiveness
of robot TTS technology in delivering English accent
instruction. It was studied the changes of the FO
range and speaking rate repeating after the robot
TTS that were targeting first grade of elementary
school students (2 boys and 2 girls) [2]. They had
changed the participants from the lower grades to
higher grades, 4th grader (8 boys and 8 girls), and
measured the FO dynamic range of before and after
repeating after the robot TTS as an intermediate re—
sult [1]. In this paper, we expanded the experiment of
measuring speaking rate of 4th graders additionally.

3. Experiment Design

3.1 TTS for robots

This study used the educational service robot,
ROBOSEM. While various types of TTSs, developed
by Microsoft and Bell labs, may adopted to robots, we
used the basic TTS engine installed on ROBOSEM for

our experiment for the following reasons.

e Children who are subjects of our experiment
have been exposed to the voice of ROBOSEM
over along period of time for RALL.
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» According to three Korean acoustics experts, the
prosody of TTS installed on ROBOSEM was de—
termined to be on par with other TTS engines.

* 5 Korean children do not recognize the difference
among various TTS engines as a pilot
experiment.

* ROBOSEM is installed with TTS engine which
supports Korean language, the learners’ native

language[18].

The TTS engine installed on ROBOSEM supports
three types of voice! male, female and children; it has
range of 0.5~1.7 pitch and 0.6~2.0 for speed. <Table
2> below displays the average FO range and speaking
rate of adult TTS and child TTS installed in
ROBOSEM.

<Table 2> Average FO range and Speaking rate of Robot's

TTS [2]
TTS sen_type FO range speaking rate
Adult declarative 151.72 2.59
interrogative 129.79 3.45
. declarative 182.75 257
Child interrogative 149.76 3.41

3.2 Participants and test sentences

The study participants include Korean lower ele-
mentary students (4th graders) who speak standard
Korean, with no history of residing in an
English—-speaking country. They had never interacted
with an educational robot, although they had more
exposure to English and native English speakers
throughout the course of their school career. 16 stu—
dents (8 boys, 8 girls) who expressed a desire to
participate in the study were selected as the study
participants. They were subsequently divided into two
groups of adult TTS and child TTS.

For experiment sentences, considering the English
capability of children learners in Korean elementary

schools, a total of four most common types of sen—

tences - declarative and interrogative sentences - were

adjusted for our purpose in <Table 3>.

<Table 3> test sentences

declarative

| =3

Interrogative

Do you have a pen? Yes, | have a pen.
g -

This is because the FO range is not identical in all

the sentences produced by a native English speaker
[17]. For this reason, different types of target senten-
ces were required. A declarative sentence and an in-
terrogative sentence were selected for the study,

which the participants could learn with relative ease.

3.3 Experiment

We conducted two rounds of recording processes.
The first recording was conducted in order to analyze
the average FO range of children learners before they
repeat after the robots’ TTS children learners were
asked to read the experiment sentence to be recorded.
The second recording was conducted in order to ana—
lyze the average FO range of children learners after
the children repeated robots’ TTS; the learners lis—
tened and repeated each sentence robot TTS spoke.

All recordings were conducted in a completely closed
and quiet classroom and used Praat sound analysis
program ver. 5.5.23 under the condition of standard rate
of 44,050Hz, 16bit in two-ways. All target sentences
were repeated a minimum of three times.

Prosodic variable value FO range used in the anal-

ysis was checked with naked eyes for the maximum
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and minimum values to be measured. For speaking
rate, the total speech time was divided by the number
of syllables within the sentence. The total speech
time was measured based on spectrogram and wave
form.

Experimental voice data were analyzed using Praat
voice analysis program ver.5.3.23. Praat voice analysis
program is used by many researchers for prosody
analysis because it is free for download and known

to be useful.
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(Fig. 1) Praat voice analysis screen shot: “Can you
fly?” by the robot adult TTS

(Fig. 1) shows an example of analysis that actually
measured FO range with Praat. We analyzed FO range
by measuring the highest score and the lowest score

of an accent curve in blue.
4. Result

4.1 FO range

<Tables 4> and <Table 5> display the results of
analysis regarding the 4th graders’ average FO range

both before and after the robot TTS listen and repeat

activity.

<Table 4> Average FO range change for the robot adult TTS
FO range(Hz)

before after T p-value
dec 121.22 101.50 4.588 p<.01
int 174.26 128.99 2.580 p<.05

The average FO range of the 4th graders who re—
peated after the adult TTS voice appeared to have
become narrower than before the activity. This ten—
dency was observed in both declarative and inter-
rogative sentences. The results of the matching sam-—
ple t-test indicated significant differences for both
declarative and interrogative sentences; thus, the
average FO range was seen to be narrower after the
TTS activity.

<Table 5> Average FO range change for the robot child TTS
FO range(Hz)

before after T p-value
dec 97.28 96.56 0.131 p<.05
int 114.22 103.19 1.656 p>.05

The average FO range of the children who repeated
after the child TTS voice showed different results.
These children’'s average FO range showed no sig-
nificant change in either the declarative or inter-
rogative sentences, and thus, their average FO range
was seen not to be affected by the robot TTS
activity. We compared this result with [2] in (Fig. 2).

Chila TS

AGUTTIS CHIGTR | sTS  GniaTs AQUITTS  CNIGTTS  AdulcTTS
eclarative interrogative

= before mafter = before mafter = before = sfter = before =after

(Fig. 2) Comparison of the average FO rage
between [2] and this experiment
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4.2 Speaking rate

<Tables 6> and <Table 7> display the analysis
results regarding the changes in the average speaking
rate of the 4th graders before and after the robot
TTS activity.

<Table 6> Speaking rate change for the robot adult voice TTS

speaking rate(syl/sec)

before after T p-value
dec 272 2.73 -0.180 p>.05
int 3.46 3.77 -3.003 p<.01

As shown in <Table 6>, the average speaking rate
of the 4th graders who repeated after the adult TTS
voice increased. However, matching sample t-test re-
sults indicated that the changes were dependent on
the sentence type. In the case of a declarative sen-
tence, the change was insignificant, and thus, the
average speaking rate is observed to be unaffected.
On the other hand, the changes were significant in
the case of the interrogative sentence, and thus, the
average speaking rate was seen to have increased af-
ter the robot TTS speaking activity.

<Table 7> Speaking rate change for the robot child voice TTS

speaking rate(syl/sec)

before after T p-value
dec 2.63 2.80 -3.183 p<.01
int 3.40 3.8 -6.006 p<.01

As shown in <Table 7>, the average speaking rate
of the children who repeated after the child TTS
voice also increased. The match sample t-test results
indicated significant changes in the average speaking
rate for both the declarative and interrogative
sentences. As such, the average speaking rate of
these children was seen to have increased after the
robot TTS speaking activity. We compared this result
with [2] in (Fig. 3).

AGUILTTS  CRITTS, _ A4uIeTTS  ChilaTTS
letlarative

AQUIETTS  CHIGTTS  AdultTTS  Child TTS
interrogat e

®before Mafter Whefore Wafter Wbefore Wafter Whefore M after

(Fig. 3) Comparison of the average speaking rate
between [2] and this experiment

5. Conclusion

Since Korean English-learners’ FO range widens
and speaking rate increases as their English level im—
proves, FO range and speaking rate can be the stand-
ard for assessing whether the pronunciation of learn-
ers’ English accent is fluent[131[14][17]. This research
analyzed whether there were changes in English ac-
cent for the children learners before and after repeat—
ing robot TTS through acoustic phonetic prosodic
variables such as FO range and speaking rate. The
results indicated either no change or a decrease in the
students’ FO range after the robot TTS speaking
activity.

To be able to speak natural English accent, it is
essential for Korean English-learners to widen the
average FO range to the level of native speakers by
clearly expressing the stress changes within senten-
ces and to learn and train in order to obtain fast
speaking rate. However, as shown in <Table 2>,
based on the average FO range of robot TTS which
was narrower than the average FO range of native
English speakers, it is difficult to expect that there
will be effective results from English accent learning
through robot TTS. Actually, as our results suggest,
the average FO range of the children learners de-
creased after repeating TTS. The unaffected FO
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range, and in some cases, decreased FO range, of the
students may be attributable to the interference of
their native language, which does not exhibit sig—
nificant variety in intonation within a sentence.
However, other possible explanations include that the
average FO range of the robot TTS failed to provide
linguistic input sufficient enough to elicit changes in
the learners’ English accent, albeit temporarily.

However, there were changes after repeating TTS
in speaking rate, the other prosodic variable.
Compared to the average speaking rate of robot TTS,
it was confirmed that the lower elementary students’
speaking rate increased, close to that of robot TTS
[2]. On the other hand, the average speaking rate of
the 4th graders had already approximated that of the
robot TTS. This may be explained by the fact that
the 4th graders were generally more familiar with
English. Some of them even exhibited a higher
speaking rate than the robot TTS, but the increase
was not as significant as that of the lower elemen-
tary students, who were generally less familiar with
English. Changes in the average speaking rate within
such a short period of time may be due to the fact
that the robot TTS speaking rate registers more
readily with the students (in their auditory perception)
than the FO range, a more subtle concept which con-
cerns stress changes within a sentence. As such, ro—
bot TTS is a potentially effective educational tool
with which to assist learners in acquiring a na-—
tive-like speaking rate and, ultimately, a more natural
English accent.

It is essential to understand and to train the stress
changes within sentences in order for Korean
English-learners to speak natural English accents.
Particularly, even if listening and training the native
English speakers’ accent is sustained, it takes long
learning time and persistent training to have the
average FO range close to that of the native English
speakers. However, as shown <Table 1> and <Table
2>, the robot TTS showed maximum 85% and mini—
mum 54% of the standard of achievement compared
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to the average FO range of native English speakers.
Thus, it may be difficult to achieve effective learning
for English accent using robot TTS. In order to facil-
itate effective instruction on the prosodic features of
English with the use of robot TTS, further research
and technology development for language instruction
robot TTS is quite necessary. Currently, the TTS
engine is mostly optimized for use in broadcasting
systems and news. To fully utilize the robot TTS for
language instruction, however, its capacity to deliver
sufficient linguistic input needs to receive as much
attention as its capacity to produce a natural human
voice and delivery. In other words, an effective robot
TTS for foreign language instruction must be able to
deliver the prosodic characteristics of the learner’s
target language while going beyond just producing
natural human prosody, especially if it is to be used
as an instructional tool for natural accent acquisition.

This study examined the potential of the robot
TTS as an effective instructional tool in assisting
child English language learners to produce a natural
English accent. Subsequently, we proposed a mini—
mum paralinguistic standard required of robot TTS
for foreign language instruction based on our
findings. The currently available TTS technology ap-
pears to be more effective for speaking rate improve-
ment than accent improvement. As such, tele—pres—
ence RALL with a native English speaker on the
other end seems to be more effective than an educa—
tional robot installed with TTS.

Our study has limitations in that only a particular
type of TTS engine was concerned and the study
participants were limited to Korean English language
learners. Also, the number of samples were in—
sufficient, thus it was difficult to generalize this
result. Further research with an expanded scope to
incorporate a variety of TTS engines and foreign
languages will be beneficial in identifying the prosodic
conditions required of effective robot TTS for foreign
language instruction.
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