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Abstract
Several studies have suggested that pronunciation practice through automatic speech
recognition (ASR) tools can help learners improve second language pronunciation.
However, the treatment length varies from study to study, making it unclear whether a
longer treatment at shorter intervals or a more intensive treatment for longer intervals will
have a greater impact. Furthermore, since most studies include both teacher instruction
and ASR-based practice, it is unclear how much impact is due to the feedback and guided
practice of the ASR tools and how much is due to teacher instruction. This study seeks to
discover if ASR-based practice has a measurable impact on student performance
discernable from teacher instruction, which pronunciation points are most impacted by
such practice, and whether treatment length affects learning outcomes. We found that L1
Japanese English as foreign language (EFL) learners were more likely to improve on
vowel-related pronunciation and that while treatment length over a single semester did
not have a large impact on learning outcomes, the feedback from an ASR-based practice
tool caused students to focus on their pronunciation and adjust it, often for the better.
Therefore, we conclude that ASR-based pronunciation tools are meaningful in a wide
variety of Japanese EFL contexts and recommend their usage.
Keywords: Automatic Speech Recognition, Pronunciation, English as a Foreign
Language, Feedback

Introduction
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The use of automatic speech recognition (ASR) in the foreign language classroom
to help learners improve their second language (L2) pronunciation is recently gaining
increasing attention (e.g., Author, 2021; Golonka et al., 2014; Mroz, 2018; Xiao & Park,
2021). However, there is some disagreement in the literature regarding how much impact
ASR-based activities have on learners’ pronunciation and how to utilize ASR technology
as part of the learning process. Studies such as Bozorgian and Shamsi (2020),
Guskaroska (2019), and Spring and Tabuchi (2021) found that the use of ASR helped
learners’ overall pronunciation, but they often observed different pronunciation points.
For example, Bozorgian and Shamsi (2020) focused on suprasegmental pronunciation,
and Guskaroska (2019) focused on vowel pronunciation. Spring and Tabuchi (2021)
attempted to observe the impact on several different pronunciation points. Their findings
showed that ASR-based training had an overall positive impact on pronunciation ability
but that the effects varied from learner to learner, leading them to suggest a more in-depth
analysis of individual pronunciation points as well as a study that was more long-term
than the 5-week treatment they reported on. Furthermore, as most studies employ preand post-tests to show improvement but include instruction as well as ASR training, the
impact of the feedback provided by ASR in the acquisition processes is still unclear. The
purpose of this study is to improve on previous studies by (i) offering new insights into
the impacts of ASR-based pronunciation practice over an extended period of time and (ii)
elucidating the impact of retrying drills on specific pronunciation points.

Literature Review
Intelligibility and ASR
Learning pronunciation in an L2 is essential because it is the foundation of
speaking, and without a certain degree of pronunciation accuracy, others will be unable
to understand the speakers’ utterances. However, there has been considerable debate about
what areas of pronunciation are most important, which should be focused on in the L2
classroom, and what is an acceptable level of pronunciation mastery for learners. While
there are a number of areas in which pronunciation can be evaluated, such as
comprehensibility, interpretability, and accentedness, recent studies have suggested that
these points are often flawed due to human perception error (e.g., Hu & Su, 2015;
Lindemann & Subtirelu, 2013). Therefore, many studies suggest that intelligibility, i.e.,
how well the learner can be understood by others, can be used as an acceptable evaluation
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criterion and that being intelligible is a reasonable goal for L2 speakers to strive for (e.g.,
Levis, 2018; Munro, 2010).
Measuring intelligibility is another challenge for L2 teachers and learners. Though
some studies have employed native speakers and asked them to transcribe L2 learners’
speech as a metric, this process can be flawed due to human error (e.g., Lindemann &
Subtirelu, 2013) and is also both costly and time-consuming, which makes it impossible
to implement practically in L2 classroom settings. Here, many studies have begun to
employ ASR-based tools because they are objective and perfectly reliable (i.e., they will
produce the same scores for the same sound every time), but also free or low-cost and
require almost no time to deliver results. Furthermore, several studies have suggested that
the more accurately ASR can transcribe an L2 learners’ speech, the higher native speaking
judges tend to rank them in terms of pronunciation ability (e.g., Author, 2020; Ashwell &
Elam, 2017; Guskaroska, 2019; Mroz, 2018). For these reasons, ASR-based tools have
become more and more commonplace in both the teaching and evaluation of L2
pronunciation and general speaking. However, there are still discrepancies in how these
tools are best used in the teaching and L2 learning process.
ASR-based EFL Pronunciation Practice
Several studies have been conducted on the use of ASR-based pronunciation
practice in EFL teaching (e.g., Ahn & Lee, 2016; Bozorgian & Shamsi, 2020; Evans &
Chen, 2020; Guskaroska, 2019; 2020; Inceoglu et al., 2020; McCrocklin, 2019; Xiao &
Park, 2021). Many of the studies are focused on student and teacher experiences with
ASR-based tools, generally finding that the tools are received positively, albeit to varying
degrees of satisfaction, depending on how the tools were integrated into the learning
process (e.g., Ahn & Lee, 2016; Hsu, 2015; Sidgi & Shaari, 2017; Wang & Crosthwaite,
2021; Xiao & Park, 2021). Other studies provide case studies of how ASR tools can be
useful for EFL learners in their context (e.g., Author, 2021; Bozorgian & Shamsi, 2020;
Guskaroska, 2019; McCrocklin, 2019). For example, Bozorgian and Shamsi (2020)
demonstrated that using ASR for several sessions over a two-month period could help
improve the pronunciation of suprasegmental features in lower-level EFL learners.
Furthermore, Xiao and Park (2021) found that ASR technology enhanced the learning of
learners with a wide range of individual differences. Other studies have attempted to
provide broader data sets and focus on particular pronunciation points. For example,
Guskaroska (2019) found empirical evidence that advanced Macedonian EFL learners
improved at specific vowel sounds and pronunciation in general. Author (2021) observed
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the impact of ASR training on Japanese EFL learners and similarly found that it helped
improve learners’ overall pronunciation but that the effects were much greater for lowerlevel learners. Finally, reviews such as Glonka et al. (2014) have determined that ASR
and other computer-assisted pronunciation training seem to generally be useful for EFL
learners.
However, there are still areas that require more research on this topic. One area
that should be explored is the length of the treatment. Guskaroska (2019), Spring and
Tabuchi (2021), and Bozorgian and Shamsi (2020) reported on focused treatments over
short terms (two, five, and eight weeks, respectively), but it is still unclear how students
will be affected by treatments that are individually shorter but spread over a longer term.
As pronunciation is a productive skill that requires practice, longer treatment times may
lead to greater improvement, but this is still difficult to verify due to the somewhat low
comparability between previous studies, i.e., there are significant differences in length of
treatments, L1s, and beginning L2 proficiency. Since both L1-L2 pairings and L2
proficiency have been suggested to impact the effectiveness of pronunciation training
(e.g., Chau et al., 2022; Glonka et al., 2014; Spring & Tabuchi, 2021), a comparative
study that changes only treatment times could provide clearer insight into how this single
factor affects ASR-based training. Furthermore, there is still uncertainty with regards to
which specific points ASR can and cannot help within specific contexts. For example,
Inceoglu et al. (2020) found that only certain segmental aspects of L1 Korean learners’
EFL pronunciation were improved through ASR training. Moreover, though Guskaroska
(2019) and Bozorgian and Shamsi (2020) reported improvement in specific pronunciation
points (vowel sounds and suprasegmental features, respectively), Spring and Tabuchi
(2021) did not observe an effect on any single specific pronunciation points as compared
to others. Rather, Spring and Tabuchi (2021) noted a large amount of variation in
individual learners. Therefore, a more in-depth study of specific consonant sounds and
other errors and how each individual reacted to the ASR training could provide more
insight into how it impacts particular pronunciation points for particular types of learners.
Feedback and Self-Correction in Computer-assisted Pronunciation Training
Feedback is generally thought to be important to learning in general, including
EFL education, but especially so in EFL pronunciation training (e.g., Wang & Young,
2012; 2015). In general, feedback for computer-assisted pronunciation training has been
offered in three modes: textual, audio, and visual (Wang & Young, 2015). Visual feedback
is often provided as waveforms produced by the learners and by native speakers for
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comparative purposes (e.g., Mehrpour et al., 2017); audio feedback is usually given as a
recording of a native speaker or a text-to-speech reading when pronunciation mistakes
are made (e.g., Neri et al., 2008), and text feedback is generally given as either explicit
instruction or a representation of what an ASR system guessed as a transcription (e.g.,
Spring & Tabuchi, 2021). While various forms of feedback can be useful, Wang and
Young (2015) surveyed several learners using an ASR-based tool. They found that, in
general, learners appreciated corrective feedback, particularly in textual and audio modes.
They compared their results to those of Chen (2011), Kim and Kim (2012), and Neri et
al. (2008), and concluded that text-based description that clearly indicates learners’ faults
is a significant form of feedback. However, Wu et al. (2022) found that students improved
their pronunciation more when peer feedback was added to feedback from an ASR alone.
Moreover, both Evans and Chen (2020) and Dai and Wu (2021) reported that the data in
their studies suggest that adding peer feedback to the learning process was more effective
at improving pronunciation than individual practice with ASR feedback alone.
Furthermore, some studies report that though they found high levels of correlation
between human judgements of learner pronunciation and ASR, students are sometimes
frustrated by the ASR and some even doubt its ability to properly judge pronunciation
(e.g., Guskaroska, 2020; Inceoglu et al., 2020). Therefore, it is still unclear exactly how
useful ASR-given feedback is for learners.
One area that is particularly lacking in the literature regarding the effects of ASRprovided feedback on learners is the amount of influence that it has on an individual level.
Though learners may feel that various forms of feedback are helpful, and ASR-based tools
show the ability to improve the general pronunciation ability of a population of learners,
it still leaves the question of why some learners improve more than others (i.e., Author,
2021), and why some particular learners get frustrated or perform better when also
provided with peer-based feedback (e.g., Dai & Wu, 2021; Inceoglu et al., 2020; Wu et
al., 2022). For example, it would be informative to know if learners actually attempted to
change their pronunciation in time-based on feedback and, if so, how much that leads to
improvement in pronunciation for that individual. Therefore, an analysis of how much
impact ASR tools and feedback have on learners’ ability to modify and tune their
pronunciation to be more appropriate upon repeated attempts (the “tuning” power of the
tools) may elucidate why some learners improve more than others. This would also allow
us to observe the impact of ASR training in the acquisition processes and assess how
much of the long-term improvement is due to training and feedback and how much is due
to instruction.
Based on the aforementioned studies, it is reasonable to believe that an ASR-based
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tool can help students improve their pronunciation. Still, the effects of tool usage over a
longer period on specific pronunciation points are unknown. Furthermore, it is unknown
how much tuning power ASR-based feedback has and what impact that has on correcting
pronunciation errors. Therefore, this study seeks to answer the following research
questions:
1.

2.
3.

How does implementing ASR-based pronunciation practice over a semester impact
L1 Japanese EFL students’ pronunciation ability compared to a short period of
practice?
What specific pronunciation points do and do not show improvement after L1
Japanese EFL students receive ASR-based training?
How much tuning power does ASR feedback have on learners, and what impact does
it have on their pronunciation improvement?

Methodology
Research Design
This study employs a quasi-experimental design due to the fact that it was
conducted on the students designated to the researcher’s class. Furthermore, the only
students whose data were included in this study were those who turned in their
assignments and agreed to have their data collected. Therefore, the study does not meet
the requirements of true random sampling needed to be considered truly experimental. It
follows a basic pre- post-test design with classroom procedures and data collection
conducted similarly to Spring and Tabuchi (2021) for maximal comparability. Further
analyses were conducted on this data in order to answer the other research questions.
Participants
Data were taken from 19 Japanese EFL learners in their 2nd year of the university
who participated in this study. They had been studying English for seven years but were
lower level and could be considered CEFR A2 level as per their TOEIC® scores (see
Table 1). The participants were taking an English communication class taught by one of
the researchers. Though the class consisted of many more students, only 19 gave
permission to participate in the study and provided both pre- and post-tests.
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Table 1
Participant Data
Age
19-20 (M=19.16, SD=0.37)

TOEIC Score

Sex

240 – 510 (M=398, SD=74.7)

Male: 9, Female: 10

Classroom Procedure
Participants used a textbook as part of their class which focused on dictogloss
activities and then provided discussion topics for the students. Instead of utilizing the
discussion topics, the instructor provided pronunciation training for 15 minutes. During
most pronunciation training sessions, a five-minute, one-point pronunciation lesson based
on two individual sounds that can be difficult for L1 Japanese EFL learners to distinguish
between (Goto, 1971; Mochizuki, 1981; Nakata & Shockey, 2011; Otake et al., 1993;
Spring & Tabuchi, 2021). A list of the points taught can be found in Table 2.
Table 2
Pronunciation Lessons by Week
Week

Pronunciation Lesson

1
2
3
4
5
6
7
8
9
10
11
12
13

Introduction of tool and lesson-based practice
r and l
v and b
θ and s
ð and z
ɕ and ç
Review of consonants and lesson-based practice
æ and ɑ
ɪ̞ and i
ʌ and ʊ̞ and a
ä and o
Review of vowels and lesson-based practice
Lesson-based practice

14
15

Lesson-based practice
N/A

After each pronunciation lesson, students were then provided a link for practicing
pronunciation using the NatTos ASR-based pronunciation tool, also utilized in Spring and
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Tabuchi (2021), to ensure comparability between this study and Spring and Tabuchi
(2021). The NatTos tool allows instructors to create sets of words and phrases for students
to practice and a link for students. When students click on the link, they are provided with
a text-to-speech listening sample of the word or phrase and can also see the word or phrase
on the screen. Students can then choose to modify the text-to-speech voice, listen to the
sample word or phrase again, or attempt to pronounce the word. When students choose
to pronounce the word or phrase, an ASR listening instance is created, which takes input
from the user’s microphone and transforms the user’s speech into text. The text is then
displayed on the screen below the target word, or phrase, and any differences in what the
ASR guessed, and the target word or phrase are highlighted. Additionally, the NatTos tool
provides pronunciation and fluency scores. The pronunciation score is calculated as the
percentage of letters that the ASR correctly identified in the user’s speech, fit to a scale
from one to ten, and rounded to one decimal place. Fluency scores are calculated as words
per second based on the number of words the ASR detects the user saying and the amount
of time between the user pushing the speak button and the end of the ASR detection phase.
Finally, the NatTos tool offers suggestions as to what pronunciation point was incorrect
that caused the error (see Figure 1). For example, if the target phrase was “get the lightbox”
and the ASR guessed “get the right box,” the NatTos tool will suggest that the learner
should be careful with the R/L sound pairing.
If the user pronounces the target word or phrase correctly, they automatically
move on to the next word or phrase in the instructor-created set. If the user does not
pronounce it correctly, they are allowed another chance to listen to the target word or
phrase and make another attempt at pronouncing it. Users are allowed up to five tries at
each target word or phrase, but after failing for the fifth time, they are automatically
transferred to the next word or phrase in the set. The data for each participant (i.e.,
pronunciation and fluency scores, how many times they attempted each target word or
phrase and what the ASR recorded each time) are stored and available for the instructor
to see.
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Figure 1
Feedback Provided by the NatTos Tool upon a Pronunciation Error

The pronunciation practice in this study included two sets of minimal pairs, as
was done in Spring and Tabuchi (2021), but then 16 additional practice drills were
provided to students which were related to the textbook lesson. Specifically, students were
asked to pronounce key vocabulary words from the lesson and repeat phrases and
sentences that appeared in their dictogloss listening activity. On days without a one-point
pronunciation lesson, students were only provided a link for the ASR-based pronunciation
tool, and all drills were focused on the textbook lesson. The instructor checked students’
progress and offered specific advice when applicable based on the feedback from the tool.
Pronunciation Errors Observed in this Study
A number of pronunciation errors, more specific than those of Spring and Tabuchi
(2021) but broad enough to result in no error identifying them, were selected for specific
observation. First, R/L sounds (r and l), V/B sounds (v and b), and TH/S/Z (θ and s, ð and
z) sounds were selected as specific consonant-based pronunciation errors to check for
improvement because of the prevalence of these errors in L1 Japanese EFL learners (e.g.,
Goto, 1971; Mochizuki, 1981; Spring & Tabuchi, 2021). Next, pronunciation points
regarding vowel sounds were divided into two categories: pronunciation of similar single
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vowel sounds (e.g., ɪ̞ and i, ʌ and ʊ̞ and a, ä and o) and epenthesis (i.e., pronouncing
English words with Japanese moras causing pronunciation with more syllables than the
target word). Though several individual vowel sounds were taught in the class, it was
difficult for individual raters to later distinguish which individual vowel sound was
pronounced incorrectly which resulted in an intelligibility error. Conversely, the problem
of epenthesis is quite distinguishable and a common mistake by L1 Japanese EFL
speakers (e.g., Nakata & Shockey, 2011; Otake et al., 1993) and thus included as a
separate pronunciation error from individual vowel sound errors. All other errors were
classified as “other” errors for the purposes of this study.
Data Collection
This study copied the pre- and post-test design of Spring and Tabuchi (2021) for
checking changes in pronunciation ability to ensure comparability between the studies.
Specifically, participants were asked to make a recording of themselves reading a 200word statement that was prepared beforehand and based on a sample answer to a TOEFL
iBT® test speaking question that requires an opinion to be given (e.g., Goodine, 2019;
Spring & Tabuchi, 2021). Participants were asked to focus on pronunciation and not
fluency to produce the most phonetically accurate recording that they could. The same
script and task were used for both pre- and post-tests, but not revisited at any point during
the 15-week class. Participants completed the pre-test after the first lesson and the posttest directly after the 15th lesson.
Additionally, participant data was taken from the NatTos tool. Specifically, this
study considers the number of attempts and successes for target words and phrases and
also uses specific examples of mistakes that participants made.
Data Analysis
The pre- and post-test data were analyzed first by identifying the number of
intelligibility errors in each script. This was accomplished by first using YouTube’s ASRbased subtitling system to create a script for each recording, following Spring (2020).
Though ASR transcriptions have more difficulty recognizing L2 speech than native
speech, this gap has been decreasing rapidly (McCrocklin & Edalatishams, 2020), and
the errors in transcription for recent ASR systems generally correlate with intelligibility
errors that can lead to error pattern detection (e.g., McCrocklin, 2019b; Wallace, 2016).
However, it should be noted that McCrocklin and Edalatishams (2020) show that errors
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in Google’s transcriptions, on which YouTube’s are based, vary depending on L1.
Specifically, they found that L1 Chinese speakers’ comprehensibility and accentedness
are more correlated with transcription errors than those of L1 Spanish speakers. However,
Spring (2020) has shown that errors in transcripts of L1 Japanese EFL learners provided
by YouTube’s ASR-based subtitles, specifically, are well correlated with errors in
intelligibility. Therefore, this same system was used to detect errors for pre- and post-tests
in this study. Next, the text comparison software (text-compare.com) was used to quickly
identify words that YouTube’s ASR incorrectly transcribed. Two assistants then counted
the total number of inconsistencies and checked each to determine and count the types of
pronunciation errors (as per section 3.2) that caused the inconsistencies. The assistants
were both native English-speaking graduate students who had at least four years of
experience teaching English in Japan and were thus familiar with common L1 Japanese
pronunciation errors that impede intelligibility. Any differences in the ASR transcript and
original script that were not due to pronunciation errors, such as homonyms (e.g., “you’d”
and “you would,” “their” and “there”) were not counted. Errors that were clearly due to
a specific pronunciation error (e.g., “agree” appearing in a transcript as “ugly” clearly
indicates an R/L pronunciation error) were logged as such, but for indeterminable
discrepancies in the scripts, the assistants consulted the audio file to determine the
pronunciation error type. For any disagreement between the assistants, the lead researcher
was consulted, and a final decision was made (N=3). The differences in the total number
of errors and the number of each specific pronunciation error in the pre- and post-tests
were compared using dependent t-tests, with Cohen’s d used as a measure of effect size.
Cohen’s d was interpreted according to the definitions of largeness provided by Plonsky
and Oswald (2014). These measures were chosen both due to the continuous and normal
nature of the data and for direct comparability to Spring and Tabuchi (2021).
Tuning power was checked qualitatively by observing the number of times that
students needed to repeat target words and phrases before successfully pronouncing the
word well enough to receive a passing score from the NatTos tool. This was checked for
students overall to observe the general effects, and representative examples of individual
target words and phrases are also presented. We assume that if students can change their
pronunciation from the first attempt to a final successful attempt, then it is sufficient
evidence that the training and feedback from the tool had some tuning power. Furthermore,
representative examples of student mistakes and changes amongst their attempts are
provided to show how students adjusted their pronunciation in accordance with the
feedback from the tool.
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Results
Table 3 shows the results of the comparison of the pre- and post-test scores from
this study. The average number of overall errors decreased significantly, indicating a
medium effect size. Vowel sound errors, errors due to epenthesis, and the number of other
errors also showed significant decreases, but with different effect sizes (small, medium,
and large, respectively). However, there was not a significant decrease in any of the
specific individual consonant sound errors observed in this study.
Table 3
Comparison of the Average (sd) Number of Errors in Pre- and Post-tests
Error Type
Pre-test
Post-test
Statistical Comparison
Total Number

16.6 (7.7)

10.9 (5.5)

t = -2.6, p = .02, d = .85*

R/L Errors
V/B Errors
TH/S/Z Errors
Vowel Sound Errors
Epenthesis Errors
Other Errors

3.1 (2.1)
0.2 (0.4)
0.8 (1.0)
4.4 (2.8)
0.9 (1.3)
7.6 (3.2)

3.6 (2.0)
0.2 (0.5)
0.5 (0.6)
2.7 (2.3)
0.2 (0.4)
4.7 (2.0)

t = -.39, p = 0.7, d = .13, n.s.
t < .01, p = 1, d = 0, n.s.
t = -1.24, p = .23, d = .39, n.s.
t = -2.53, p = .02, d = .64*
t = -2.17, p = .04, d = .72*
t = -2.84, p = .01, d = 1.01*

Figure 2 shows the overall trend regarding which attempt students could
successfully pronounce the target word or phrase. Generally, students could only
pronounce a word or phrase correctly 22% of the time on the first try, but after repeated
attempts, they were clearly able to adjust their pronunciation in many instances, as they
could receive a passing score by at least the fifth attempt at least 55% of the time.
Figure 2
Overall Average Rate of Success During First through Fifth Attempts

Note: “out” indicates non-success
A representative example of a single participant’s attempts over a given set of
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target words in phrases from class 13 is shown in Figure 3. This participant (participant
number 15, henceforth P15) was only successful on their first attempt 18% of the time,
but successful before the fifth attempt 45% of the time.
Figure 3
P15’s Success Rate for Class 13 Practice Drills

P15 attempted each set (12 target words and phrases) each, and then retried the
target phrases that they missed ten times, resulting in a total of 22 attempts, which are all
included in Figure 3. Table 3 shows the target words and phrases that P15 was attempting,
which ones they were successful at more immediately, and which ones were more difficult.
The data shows that P15 could successfully pronounce 33% of the target words and
phrases on the first attempt and 67% within the first five attempts. The remaining four
target words and phrases were quite difficult and attributed to a large number of “out”
results in Figure 3. P15 was able to pronounce half of these difficult target words and
phrases finally successfully after several attempts but was unable to pronounce “look for
the railroad tracks” and “there are a great variety of animals” successfully.
Table 4
Number of Attempts P15 Made for Class 13 Target Words and Phrases Before Success
Successful Attempt and
Number of Repeats
#

Target Word or Phrase

1

2

3

4

F
F

5th
F

2nd

F

F

1
2
3

adorned with
hit hard times
Breathtaking

F
F
1st

4
5
6
7
8

Goldfish
they live in water
caught in a trap
look for the railroad tracks
hardly noticeable

1st
3rd
2nd
F
1st
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9

One of the most famous places is Central 1st
Park.
10 The land was bought a long time ago.
5th
11 There are a great variety of animals.
F
F
F
F
12 If you were to walk from one end to the 4th
other
Note: “F” indicates all five attempts were failures. P15 did not repeat target words and
phrases that they successfully pronounced within the first five attempts.
The results of Table 4 indicate that the feedback and training given by the NatTos
tool were able to guide P15 to an intelligible pronunciation of 50% of the target words
and phrases, i.e., those that they did not successfully pronounce the first time, but could
eventually pronounce after practice. To further observe this process, a representative
example of P15’s changes in pronunciation over the course of their attempts, i.e., their
three attempts at “they live in water,” is presented in Figure 4.
Figure 4
Three Attempts to Pronounce “they live in water” by P15

Figure 4 shows that P15’s first attempt resulted in the ASR recording “dirty bean
water,” suggesting that they likely pronounced water sufficiently well, but that they had
difficulty with the words they and live. The errors that caused the mispronunciation are
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likely a combination of (1) pronouncing ð as d resulting in a word beginning with a d
instead of with a th, i.e., dirty instead of they, and (2) epenthesis resulting in a two-syllable
word in place of a one-syllable word, i.e., dirty instead of they, and (3) a mispronunciation
of ɪ̞ as i, resulting in bean instead of live in. P15 clearly focused on improving their
pronunciation of these words, as their second attempt resulted in an acceptable
pronunciation of the words, they live in. Furthermore, P15 spoke at a speed of 2.3 words
per second during their first attempt, but at a speed of 0.7 words per second during their
second attempt, suggesting they were focusing much more carefully on pronunciation at
the expense of fluency. However, while focusing on these words, it seems that P15 still
had trouble with epenthesis, causing the two-syllable word water to be recognized as a
multiple word expression Nevada nearby. Since Nevada nearby contains the necessary
sounds that are required for water and yet difficult for Japanese speakers, i.e., ð, as is
generally pronounced in American English and r. On the third attempt, P15 was able to
correct their pronunciation of all of the words and sounds in question, resulting in an
acceptable pronunciation of the target phrase. Furthermore, their third attempt was
conducted at a speed of 3.0 words per second, suggesting that they had remedied their
pronunciation enough that they did not need to focus on it as much and could once again
return to a more normal rate of speaking. This progression suggests that P15 changed
their focus based on the feedback they received and was able to successfully alter their
pronunciation through the training and feedback provided by the tool. Furthermore, the
results suggest that epenthesis may be particularly difficult for P15.
Finally, we compared the average rate of success during the first through fifth
attempts of drills for this current study’s data set and that of Spring and Tabuchi (2021),
as shown in Figure 5. We noticed a similar amount of gradual improvement over repeated
attempts, despite the difference in the L2 proficiency levels of the participants in this
study and Spring and Tabuchi (2021); CEFR A2 and CEFR B1/B2, respectively. Since
L2 proficiency level can impact pronunciation acquisition (e.g., Chau et al., 2022; Glonka
et al., 2014; Spring & Tabuchi, 2021), we also recruited one volunteer elementary school
participant who participated in drills and was at CEFR A1 level. A comparison of these
three shows that the trend holds at all levels.
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Figure 5
Overall Average Rate of Success During First through Fifth Attempts Across Ability
Levels
CEFR B1/B2 (Author 2021)

CEFR A2 (present study)

CEFR A1 (one additional volunteer elementary school participant)

Discussion
Taken summatively and in consideration of other studies, the results of this study
offer some important insights. First, we found a similar amount of overall improvement
in pronunciation ability as Spring and Tabuchi (2021), albeit slightly less than the “midlevel” group reported in Author (2021). This result in itself is not particularly surprising,
as a number of studies that have considered computer-assisted pronunciation also report
that using it helped improve students’ pronunciation (e.g., Bozorgian & Shamsi, 2020;
Guskaroska, 2019; 2020; Wang & Crosthwaite, 2021). What is somewhat more
interesting are the differences in which areas were most improved.
While Spring and Tabuchi (2021) reported that learners improved the most on
consonant sounds and that these improvements had the greatest impact on improving
intelligibility, this study found that participants improved at the pronunciation of vowel
sounds, including lowering the amount of epenthesis than any one specific consonant
sound. The reasons for this seeming difference in results could be due to a number of
reasons. First, Spring and Tabuchi (2021) analyzed their results based on wide categories,
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such as “consonant sounds” and “vowel sounds,” but this study divided consonant sounds
into specific error types and divided “vowel sounds,” into differences in individual vowel
sounds and problems with epenthesis. This allowed us to check more specifically which
pronunciation errors were more prevalent and which improved. For example, we found
that, specifically, the r and l pronunciation error, long reported as pervasive in L1
Japanese EFL speakers (e.g., Goto, 1971), did not show improvement, but errors such as
the difference between θ and s and between ð and z did show some improvement.
Furthermore, we were able to find that both vowel sound and epenthesis errors improved
through the lessons and training. However, it should be noted that the learners in this
study exhibited very few consonant errors outside of r and l during their pre-tests, and so
the results might also simply be because university-level Japanese EFL learners have
more difficulty with vowel sounds and r and l sounds as opposed to other consonant errors
commonly associated with them, such as v and b, θ and s, and ð and z. Furthermore, it
could be that though learners are still making some mistakes with many consonant sounds,
these areas of pronunciation simply cause fewer problems with intelligibility than
mispronouncing vowels or r and l sounds.
Another reason for differences in improvement could be because Spring and
Tabuchi (2021) reported on intensive pronunciation instruction over five sessions that
included ASR training, whereas this study reports on less intensive pronunciation
instruction that lasted over a longer period of time and included more ASR training
sessions. Since both studies showed similar amounts of improvement, it does not seem
that the length of the sessions and training had an impact on improvement in overall
intelligibility, but they might have had an impact on which particular pronunciation points
are more likely to improve, i.e., it could be that intensive instruction and training might
be more impactful on consonant pronunciation whereas less intensive but prolonged
training might be more impactful on vowel pronunciation. However, more study is
required to know if any of these factors contributed to differences in the results or if any
differences are simply due to statistical variance.
Finally, differences in improvement in this study and Spring and Tabuchi (2021)
might be the beginning levels of the students. Spring and Tabuchi (2021) found
differences in improvement depending on beginning pronunciation levels, but the
participants in that study were mostly CEFR B1 and B2 levels, whereas the participants
in this study could best be described as CEFR A2. However, since Figure 5 shows a
similar trend of gradual improvement on repeated attempts regardless of proficiency level,
we suggest that ability level likely does not affect overall improvement through the
pronunciation instruction and ASR-based training, but rather has an impact on which
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particular pronunciation points learners are struggling with or learning to overcome.
Another finding of this study was that ASR-based pronunciation training can
clearly play an important role in the learning of L2 pronunciation. Though pronunciation
instruction is also likely helpful to students, Figure 2 and Figure 3 clearly show that
guided practice also plays a role in improvement, as students were often unable to
pronounce target words and phrases correctly on their first attempt, despite having just
received instruction and teacher-guided practice. However, Figure 2 also suggests that
some troubles persisted despite instruction, feedback, and practice. This could be due to
several reasons. For one, some target words or phrases might simply be difficult for ASR
to guess if the frequency is too low and not enough context is provided. Therefore,
instructors must carefully select target words and phrases and work to embed them in just
the right amount of context so that the correctness of the pronunciation will be correlated
with the accuracy score of the tool (see Ashwell & Elam, 2017; Inceoglu et al., 2020;
Spring, 2020). Another reason that participants may not have been able to produce a
satisfactory pronunciation may have to do with the length of the target word or phrase.
Longer words and phrases will increase cognitive load and lessen the chance that learners
can function on specific pronunciation points with which they are having trouble.
However, the representative results shown in Table 3 suggest that this is not necessarily
the case, as P15 was able to successfully pronounce several longer target phrases after
multiple attempts, whereas sometimes it was a shorter phrase that caused them difficulty.
Finally, it could also be the case that certain learners have more difficulty with particular
sounds. While this is well documented based on L1 (e.g., Goto, 1971; Mochizuki, 1981;
Nakata & Shockey, 2011), such difficulties could also be due to learner level and
individual differences in learning styles or personal pronunciation, such as regional
dialect.
The results of this study help elucidate the process by which students improve
their pronunciation during ASR-based training. Specifically, the qualitative analysis
shows a representative pattern by which a student makes a pronunciation error, then
adjusts their pronunciation based on the feedback given by the tool. As represented by the
example of P15, learners tended to focus heavily on their pronunciation after failing an
initial time, causing them to sacrifice fluency for accuracy, as predicted by the trade-off
hypothesis (Skehan & Foster, 1997). However, we found that learners then tended to
increase their speaking speed on subsequent attempts, even as they pronounced the target
words more clearly, which suggests that such training allows for improvements in
multiple areas of spoken proficiency, i.e., both accuracy and fluency, as suggested by
works such as Vercelloti (2017). It is unclear if this is simply a universal pattern of
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acquisition or if this quick return to initial fluency but with better pronunciation is due to
the intervention of the NatTos tool, but this is worthy of further study as well.

Conclusion
In conclusion, this study was able to show that text-based ASR-based feedback
and pronunciation training has a discernable impact on the intelligibility of students
outside of the pronunciation instruction that is usually integrated into such studies.
Furthermore, the results suggest that instruction and training can be either intensive or
extensive and performed across a wide variety of ability levels with similar outcomes in
terms of improved intelligibility. Finally, it suggests that L1 Japanese EFL learners have
more difficulty improving some pronunciation points, i.e., r and l, than others, i.e., vowel
sounds and epenthesis. However, this study also illuminated the need for a number of
further studies. Specifically, the results suggest a need to evaluate which specific
pronunciation points are more difficult to improve than others for specific groups of L1L2 pairings. Furthermore, it seems possible that learners might only temporarily trade off
fluency for pronunciation accuracy, but quickly be able to retain both, but this requires
further study. Finally, as with many other learning studies, there seems to be a large degree
of individual differences amongst learners that should be explored further, particularly in
studies that examine the effect of peer-based feedback used in conjunction with ASRbased feedback (e.g., Dai & Wu, 2021; Wu et al., 2022). Future studies should also work
to discover why some learners improve at certain pronunciation points more than others
and what factors contribute to these differences. Some possibilities include the model
text-to-speech voice that learners used when listening, L1 pronunciation styles including
dialects, and the length of the practice words and phrases used in the practice sessions.
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