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Abstract

Electromagnetic Articulography (EMA) was used t@pde

augmented visual feedback in the learning of ndivea
speech sounds. Eight adult native speakers of &ngliere
randomly assigned to one of the two training coodg: (1)

conventional L2 speech production
conventional L2 speech production training with EMased
kinematic feedback. The participants’ speech wasgptually
judged by six native speakers of Japanese. Théigésdicate
that kinematic feedback with EMA facilitates thegaisition

and maintenance of the Japanese flap consonantidio
superior acquisition and maintenance. The findiegggest
augmented visual feedback may play an importarg ol
adults’ L2 learning.

Index Terms: L2, non-native, Japanese, flap, training.

1. Introduction

The present study investigated the role of visn&drmation

during L2 speech production learning. Clinical apaiions of
visual information during speech production weredaieped

in the 1960s (e.g., [1,2]). With these early stadiéwo

approaches were introduced, including (1) displafyspeech
acoustics [1] and (2) displays of speech articutaf@]. The

methods and instrumentation used in these earldiestu
required learners to first build skills to interpithe visual

displays before they could use them to improver thgéech.

training or (2)

to produce the Japanese flgf) éither in (1) conventional L2
speech production training or (2) conventional LZeech

production training with EMA-based visual feedbadthe

participants’ probe data were audio-recorded thnotlyee

baseline sessions, eight training sessions, andHweek post
training sessions.

To date, an acoustic analysis of the participants’
improvement was conducted in terms of flap duraf@nThe
results showed a noticeably greater training effeche EMA
condition than in the non-EMA condition, measureyg b
Cohen’sd-prime figures of 13.91 and 4.78, respectively.

The present study conducted a perceptual analgsis t
determine whether these acoustic measures cormgspathe
perceptual judgments of accentedness. For thisoparpsix
native speakers of Japanese judged the participso@sch as
being either (1) “Japanese flap” (on target) or (Bpt
Japanese flap” (off target).

2. Method

2.1. Participants

The participants were eight female monolingual kpea
of American English with a minimum of 12 years ofrhal
education (mean age=28, SW35, range=22-48) and no
reported history of neurological, language, leagnspeech, or
hearing deficits. To rule out individuals who halifficulties
perceiving non-native speech sounds, all parti¢gpanok a

brief screening test prior to participation in ihesent study.

Recent technological advancements have vyielded € ; | _
This was a same-different (AX) task with CV-syllahlén

instrumentation that directly displays speech aldior

movement visually. These technologies include X-ray Which two of the three pre-recorded syllables (Auger
microbeam,  electropalatography ~ (EPG),  glossometry, English /d/, /la/ and Japanese flapa/) were presented as
ultrasound, Magnetic Resonance Imaging (MRI), and pairs, via the Direct RT Research software progrine pre-

electromagnetic articulography (EMA) systems.

EMA, the technology used in the present investigati
tracks speech articulator movements in the midtsdgilane.
EMA employs low-field strength, alternating electragnetic
fields to track small sensors attached to the wétors [3].
The sensor (magnetic) is a small insulated codchtd to
articulatory structures at midline, using dentdiegive. As the
alternating magnetic fields pass through the senswy
induce an alternating signal that is tracked byoamuter.
EMA has been used in clinical speech remediatianliss
with individuals with apraxia of speech (AOS) fallmg
stroke [4,5].

Studies of the role of kinematic feedback in speleahe
been largely driven by the needs of individuals hwit
communication disorders. In contrast, a relativeigall
number of studies have addressed basic questiont®ing
the speech motor learning mechanisms of healthyithdls.
The present research seeks to establish a bagalitie effect
of visual feedback on speech by investigating native
sounds as stimuli. That is, visual feedback wasd ute
improve foreign accents in L2 learning. Specifigalkkight
adult monolingual speakers of American English wes@ed

recorded sounds were produced by a single talke), (J
amplitude balanced, and acoustically matched ionigion
contour and formant frequencies over their voweltipos.
Participants adjusted the intensity of the stimidi a
comfortable listening level. All six possible comdétions of
the three sounds were repeated five times, fortal tf 30
pairs. Participants were required to score 80%igher on
this task to qualify to participate in the trainistudy. The
participants’ mean score was 96% correct discritiona
(SD=5.8%, range=83-100%), and all participants pasked
screening procedure.

Participants were randomly assigned to one of taiming
conditions: (1) non-EMA condition: conventional tining
and (2) EMA condition: conventional L2 training WiEMA-
based kinematic feedback on tongue tip position.

2.2. Stimuli

Participants were trained to produce 16 disyllakteds that
include Japanese flap//in the word-initial or word-medial
position. All words have primary stress on thetfisgllable.
Although some of these words are meaningful in dape,



they were effectively used as non-words for this-native
speech sound training.

Table 1.The non-words used for training

It/:first syllable |/t/:second syllable
Set 1 [takw/ | I'tekw/| /'hata/ | I'hegel
[tata/ | [I'tetal | [l'tota/ | ['tore/
Set 2 [vikw/ | /'tokw/ | ['higi/ | /'hoto/
['tita/ | ['total | ['tori/ | ['togo/
2.3. Procedure

Participants completed eight training sessions guted by
three baseline recording sessions and followedway gost-
training recording sessions. The post-training isasswere
conducted four weeks after the last training sessloaining
sessions were conducted two times per week in peedh
Production laboratory at the University of TexasDallas.
Participants were trained individually. The presexperiment
used a single-subject ABA design. A single-subjeesign
was selected because each subject’s baseline elatedsas
her control to assess the changes that occurreidgdtine
training and retention (post-training) phases.

Participants practiced eight words (Set 1) durimg first
four training sessions. Next, they practiced thkepteight
words (Set 2) during the second series of founingi ses-
sions. The words were practiced in randomized ovdtrin
each training session.

Three repetitions of the stimuli were recorded esbes
during the three baseline sessions, eight trais@sgions, and
two post-training sessions. Audio stimuli used licitethese
productions were pre-recorded by a female natiealsgr of
Japanese (JL). Participants in both non-EMA and EMAdi-
tions recorded the probe data in the same manaeh gartic-
ipant was seated in front of a computer monitor fatted with
a headphone microphone. The stimuli were randomfazed
each recording session and presented one at autimg Mi-
crosoft PowerPoint software (v. 2003). Prior to theording,
participants adjusted the volume of the stimulatoomforta-
ble listening level. A subject-controlled stimulm®cedure [7]
was used. Participants produced each Japaneseustiinut
mediately following a pre-recorded audio modelpesmpted
by the program at their own pace. The participaspsech
was digitally audio-recorded to the disk througheadphone
microphone (Labtec 342), using WaveSurfer speectysis
software (v. 1.8.5) and Audacity Digital Audio Eatit (v.
1.2.6) at a sample rate of 16,000 Hz.

The training procedure was similar for both non-ElsiAd
EMA conditions. Participants practiced each of gpeech
sounds 20 times in a blocked fashion, resulting itotal of
160 productions (8 words x 20 repetitions) duringaning
session. The instructor (JL) modeled each word asiced
participants to practice the word, five repetiti@s time. The
instructor provided summarized verbal feedbackndigg the
articulatory positions and the timing of tongue mments
(KP: knowledge of performance) after every five etfions.
Occasional general comments were made to keepiparits
motivated.

In the EMA condition, a Carstens AG100 electromaignet
articulography system was used. Participants woreERIA
helmet (during training phases) with a small sen&imm
high x 2.5 mm wide x 3.7 mm long) attached appratety
one cm posterior to the tongue tip, using a biocatibfe
adhesive. The sensor was connected to the analbbyufine
wires. The sensor moved as the participant prodspeéch,
and the tongue tip position was displayed on theénma

computer screen in real time and on a secondaryitonon
placed in front of the participant.

Prior to each training session, a general arehémiouth
was marked on the computer screen with a circlee Th
participant next produced the word “daddy,” to itignthe
alveolar ridge region corresponding to correct pmidn of
the flap t/. The target zone for the Japanese flap was then s
at a region marked slightly posterior to that aresing a
mouse-controlled drawing tool. These two circlesd ahe
tongue trace were shown to the participant.

3. Data Analyses

Perceptual analyses were conducted using the piatze of
each participant recorded throughout sessionsinSixiduals
unfamiliar with the data served as listeners. lnsts were
required to be phonetically-trained native speakédapanese
with no reported history of neurological, languageeech, or
hearing deficits. Six students of Sophia Universigyved as
listeners (mean age=27.67, SB48, range=21-44; three male
and three female listeners). All six listeners &pstandard
Japanese without any distinctive regional accent.

The speech materials consisted of 2,496 tokenshef t
American participants’ speech recorded during thsebne,
training, and post-training sessions (8 words xf&titions x
13 sessions x 8 participants). Eight of 16 wordsdusr the
training were selected for the perceptual analysEs.
randomly assign these stimuli across the six lateifior this
perceptual experiment, katin Square technique was used.
Each Japanese listener judged one of the threditiepe of
all American participants’ speech throughout basgli
training, and post-training phases. The stimuli avblocked
into two files by syllable position: one each foord-initial
flap and word-medial flap tokens. In all, eachdisr judged a
total of 832 stimuli (2 blocks x 1 repetition x domds x 13
sessions x 8 talkers). The stimuli were randomiaetbss
talker, training phase, training condition, and edsyllable
contexts.

The perceptual experiment was conducted in a sound-
proof booth at Sophia University in Tokyo, Japaisténers
participated in this perceptual experiment one #tne. Sti-
muli were presented using DirectRT Research software
2004), one at a time. The procedure was self-pagith, lis-
teners proceeding to the next slide by pressingsgiaee bar.
Each slide displayed the target word in Japaned@hayed its
associated sound clip. Listeners indicated whether pre-
sented sound was a “Japanese flap (on target)hatr Japa-
nese flap (off target)” by pressing one of two keyarked on
the PC keyboard. Following a procedure describgatémious
studies [8,9], each stimulus was presented twidterAom-
pletion of the practice session, the main battér§32 stimuli
was completed in two blocks. Listeners were giveshart
break between blocks. Critically, listeners werenddid with
respect to the training phases and conditionsagfitrg (EMA
vs. non-EMA).

To examine intra-rater (test-retest) reliabilitgch listener
judged approximately 5% of randomly selected prainése
(n=40 tokens). This procedure was performed to erlsien-
ers’ consistency in judging the stimuli at differéimes. The
raw agreement score (% agreement) and CoHepjza were
computed to assess the reliability. The averageagr@ement
score was 94.6% (range=90-97.5%), and the averagea
value was 0.82 (range=0.61-0.94), indicating amtgdt per-
fect” level of agreement [10]. Each listener alsdged ap-
proximately 5% of the tokens randomly extractednirthe
files assigned to other listenens=40 tokens). To examine
inter-rater reliability, Cohen’'skappa values for token-by-
token agreement between two listeners (i.e., L12sl1 vs.



L3 and so on) were computed. The averkapmpa value was
0.68 (range=0.48-0.93), indicating a “substantilVel of
between-listener agreement [10]. The average raeeagent
score was 88. 3% (range=80-97.5%).

4. Results

The percentages of the words judged as “Japanagé dte

plotted for baseline, training, and post-trainingapes for
EMA and non-EMA conditions in Figures 1 and 2. Bessau
the listeners judged word-initial and -medial flapsseparate
blocks, these data are plotted separately.
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Figure 1Perceptual judgment for word-initial flap
stimuli (/tata, 'teta, 'tita, 'total).

100 5

@®EM.
g
@ 80
2
2
% 60
‘Fé 40 _77li?§4%7%§%
o
2 20 % f\‘!%/ I
] ~ v
g o o——B
s

T T T T T T T T T T T T T
B1 B2 B3 T1 T2 T3 T4 T5 T6 T7 T8 Pl P2

Figure 2Perceptual judgment for word- medial flap
stimuli (/hata, 'hete, 'hiti,' hogo/).

In Figures 1 and 2, sessions (baseline/training/pos
training) are indicated on theaxis, and the tokens perceived
as Japanese flap (%) are shown ontlais. The error bars
show standard error. As shown in Figures 1 ant#he résults
suggest that the American participants in both BMA and
EMA training conditions improved their productiorf the
Japanese flap consonant. Participants in the EM#dition
showed smaller variability within the subjects he ttraining
phase than the participants in the non-EMA conditieigure
1 shows that subjects in the EMA condition alsocheal
noticeably higher retention levels than subjectghi@ non-
EMA condition (for words with word-initial flaps)As both
conditions started at similar levels of baseline greater
training effect is suggested for the EMA conditidiis was
not the case, however, for words with a flap in dvoredial
position (Figure 2). For these words, the Japaniese
consonant productions were perceived by native kegusa
approximately 60% and 40% by post-training, for the
participants in the EMA condition and in the non-EM
condition, respectively.

4.1.

For these perceptual data, Coheth'sould not be used to de-
termine effect sizes due to a lack of variancedthtbaseline
and post-training phases. As an alternative, P&agenof
Non-overlapping Data (PND) [11] analyses were catehil

Effect size

PND is a non-parametric method used to examinaigitig
effect or treatment efficacy by computing the pataa train-
ing data points that do not overlap with the baseldata
points [12]. PND is computed by counting the numifedata
points that are higher than any one of the baséijuees, and
dividing it by the number of the training or retiemt phases.
PND scores range from 0% to 100%, and a critenidnfer-
pretation was outlined by [11]. According to thesdhors, a
score below 50% indicates “unreliable treatmenss,5core
between 50-70% is “questionable effectiveness,ivbet 70-
90% is “fairly effective,” and a score greater th@@% is
“highly effective.”

Visual inspection of Figures 1 and 2 suggests pleatep-
tual scores show different trends for the formed #re latter
halves of the training sessions (i.e., T1-T4 andl8h There-
fore, three separate sets of PND scores were ceahp(t)
between baseline and the first half of the trairphgse (T1-
T4), (2) between the baseline and the second falfeotrain-
ing phase (T5-T8), and (3) between the baselinetla@gost-
training phase (P1 and P2).

Table 2.Effect Sze: PND: Baselinevs. T1-4

Condition
EMA

Participant PND (%)
25
59
44
56
46
56
72
69
63

65

non-EMA

X0 NO (XD WNPF-

Table 3.Effect Sze: PND: Baselinevs. T5-8

Conditior
EMA

Participan PND (%
91
72
81
75
80
56
91
59
59

66

A WN P

nor-EMA

0 ~NO X

i

Table 4 Effect Sze: PND: Baseline vs. Post-training

Condition
EMA

Participant PND (%)
100
63
81
75
80
56
100
56
56

67

non-EMA

X0 ~NO X[ wWwNE

Table 2 lists the first set of PND scores (i.etween the
three baseline and the first four training sesgiofBe mean
score for the EMA condition was 46% (range=25-59&s)]



that of the non-EMA condition was 65% (range=56-72%
These data suggest that a more immediate effettamiing
was evident for the non-EMA condition than the ENéndi-
tion. By the above-mentioned criteria, however,nireg by
this point had not yet reliably occurred (the effemdicate
“unreliable” and “questionable effectiveness,” restprely).

Table 3 lists the PND scores for the latter halfhef train-
ing sessions (i.e., between the three baselingtenthst four
training sessions). The mean score for the EMA ttmmdwas
80% (range=72-91%: “fairly effective” to “highly fefctive”),
and that for the non-EMA condition was 66% (rang&94%:
“questionable effectiveness” to “highly effectiveThese data
suggest that, with the exception of non-EMA paptcit #6,
the improvement of the non-EMA condition leveled difiring
the latter half of the training sessions, whilettbhithe EMA
condition increased.

Table 4 lists the PND scores between the basefidelze
post-training recording sessions. The mean PNDesdor
EMA was 80% (range=63-100%), and that for non-EMa&sw
67% (range=56-100%), both in the “questionable ctiffe-
ness” to “highly effective” range. These perceptdala sug-
gest a greater retention for the EMA condition thia@ non-
EMA condition, with the EMA mean effect size (.86¢ing
“fairly effective” by PND standards.

5. Discussion

The results suggest that American participants ath ithe
EMA and non-EMA conditions improved their Japanéap
consonant production over the course of trainisgueged by
native Japanese listeners. Participants in the HMA-
condition showed more immediate improvement duing
earlier training sessions, although this improvetrienelled
off after the first half of the training. In consta the
participants in the EMA condition monotonically inwed
their Japanese flap productions over the courgeawfing. A
possible explanation for these different patterasvben the
two training conditions is that the auditory/visuategration
during EMA training (i.e., eye to tongue coordinal may
have required some time to establish before trigger
“superadditive” benefits [13]. Also, the benefits the EMA
condition were maintained through the retention sehaas
found in the post-training scores.

The results of the perceptual analyses suggest thigat
EMA-based visual feedback can facilitate the normdiilt
speakers’ learning of non-native speech soundsdesed by
judgment scores of native Japanese listeners. rHsislt is
broadly consistent with the results of the acoastmalyses of
duration of the present training data [6].

However, this conclusion must be weighed with @auti
for several reasons. First, the experimental desigs not
double-blinded. Although the instructor (JL) folled a
written procedure designed to guide both EMA and-BMA
conditions in the same manner, instructor bias cccdve
affected the results. This type of methodologidair&coming
is unfortunately rather common with most of the exte
training/remediation  studies to date [9,13,14,1F,16
Nevertheless, the current experiment should bdcedpt to
ensure validity.

Second, because this study used an ABA desigid itat
explore skill transfer and generalization, as cdiddexamined
with a multiple baseline design. Also, becausetthiaing was
concluded for a fixed number of sessions (i.e. teggissions),
participants were not trained to mastery criteviathout fur-
ther training, it is not known whether the speegtdpction of
the participants in EMA condition could have reathbe
native Japanese speakers’ horm.

Despite these limitations, the present data havaraxbd

our understanding of the effects of augmented Visnamat-
ic feedback on healthy adults’ non-native speedatdyction
learning. If future studies examine varied feedbpoésenta-
tion schedules, a wider variety of motor targetegjpand se-
ries of other factors known to affect motor leagnithey will
provide important information for a deeper underdiag of
non-native speech training from a motor learningspective.
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