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Abstract: The communicative approach to language learning, a teaching method commonly used in
second language (L2) classrooms, places little to no emphasis on pronunciation training. As a result,
mobile-assisted pronunciation training (MAPT) platforms provide an alternative to classroom-based
pronunciation training. To date, there have been several meta-analyses and systematic reviews
of mobile-assisted language learning (MALL) studies, but only a few of these meta-analyses have
concentrated on pronunciation. To better understand MAPT’s impact on L2 learners’ perceptions
and production of targeted pronunciation features, this study conducted a systematic review of
the MAPT literature following PRISMA 2020 guidelines. Potential mobile-assisted articles were
identified through searches of the ERIC, Educational Full Text, Linguistics and Language Behavior
Abstract, MLI International, and Scopus databases and specific journal searches. Criteria for article
inclusion in this study included the following: the article must be a peer-reviewed empirical or
quasi-empirical research study using both experimental and control groups to assess the impact
of pronunciation training. Pronunciation training must have been conducted via MALL or MAPT
technologies, and the studies must have been published between 2014 and 2024. A total of 232 papers
were identified; however, only ten articles with a total of 524 participants met the established criteria.
Data pertaining to the participants used in the study (nationality and education level), the MPAT
applications and platforms used, the pronunciation features targeted, the concentration on perception
and/or production of these features, and the methods used for training and assessments were
collected and discussed. Effect sizes using Cohen’s d were also calculated for each study. The findings
of this review reveal that only two of the articles assessed the impact of MAPT on L2 learners’
perceptions of targeted features, with results indicating that the use of MPAT did not significantly
improve L2 learners’ abilities to perceive segmental features. In terms of production, all ten articles
assessed MPAT’s impact on L2 learners’ production of the targeted features. The results of these
assessments varied greatly, with some studies indicating a significant and large effect of MAPT
and others citing non-significant gains and negligible effect sizes. The variation in these results, in
addition to differences in the types of participants, the targeted pronunciation features, and MAPT
apps and platforms used, makes it difficult to conclude that MAPT has a significant impact on L2
learners’ production. Furthermore, the selected studies’ concentration on mostly segmental features
(i.e., phoneme and word pronunciation) is likely to have had only a limited impact on participants’
intelligibility. This paper provides suggestions for further MAPT research, including increased
emphasis on suprasegmental features and perception assessments, to further our understanding of
the effectiveness of MAPT for pronunciation training.

Keywords: mobile-assisted pronunciation training; mobile-assisted language learning; MALL; MAPT;
perception; production

1. Introduction

Pronunciation is an often overlooked, yet key component, of second language (L2)
learning. L2 learners with good pronunciation skills are frequently considered to be intelli-
gible even with deficiencies in the target language (Nair et al. 2017), while L2 learners with
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strong vocabularies and grammar skills are deemed unintelligible when their pronunci-
ation falls below a certain threshold (Hinofotis and Bailey 1980). Research suggests that
L2 pronunciation can be improved through explicit pronunciation training. Studies have
shown that, through such training, L2 learners have been able to improve their perception
and production of L2 sounds, enhance the intelligibility of their L2 speech, and reduce
their accentedness (Flege 1995, 2003; Lee et al. 2020; Pourhossein Gilakjani 2017; Sakai and
Moorman 2018).

Despite the efficacy of pronunciation training, such training is often de-emphasized
in language programs using the communicative approach to language learning. In these
programes, little to no class time is allocated to pronunciation training (Meisarah 2020).
Many language instructors also lack pronunciation teaching skills (Nair et al. 2017) or deem
pronunciation teaching to be ineffective or inappropriate for their students (Pourhossein
Gilakjani 2017). As a result, computer- and mobile-assisted pronunciation applications,
which provide ample pronunciation input and real-time feedback, are providing an alterna-
tive, both inside and outside of the classroom, to enhance L2 learners’ pronunciation skills
(Arashnia and Shahrokhi 2016, p. 151; Meisarah 2020; O’Brien et al. 2018). As smartphones
have become ubiquitous and are considered more flexible and affordable than computers,
many L2 learners are using mobile-assisted language learning (MALL) and pronunciation
training (MAPT) applications and platforms for pronunciation training. Although MALL is
commonly used in the literature and includes mobile-assisted pronunciation training, this
study will use MAPT to refer specifically to any mobile-assisted application and platform
that provides pronunciation training; MALL will be used to refer to more encompass-
ing mobile-assisted language learning. This paper specifically focuses on pronunciation
training via MAPT to determine the technologies’ effectiveness in improving L2 learners’
productive and receptive skills.

With the rise of mobile-assisted applications for pronunciation and overall language
learning, interest in both MALL and MAPT research has been increasing. Since 2015,
numerous meta-analyses and systematic reviews have been conducted on existing MALL
and MAPT research. These analyses and reviews have focused on the effectiveness of
MALL apps (Burston 2015; Elaish et al. 2023; Tommerdahl et al. 2022), as well as MALL's
impact on vocabulary learning, student achievement and learning performance (Cho et al.
2018; Sung et al. 2015), game-based learning (Su et al. 2021; Nitisakunwut and Hwang 2023),
and speaking skills (Li 2024). To date, however, there has only been one meta-analysis
(Tseng et al. 2022) and one systematic review (Metruk 2024) conducted on MAPT’s impact
on pronunciation training. Tseng et al. (2022) reviewed 13 empirical studies from 2009 to
2020, finding that mobile-based pronunciation training had a significant effect (d = 0.66) on
L2 learners’ pronunciation. Metruk (2024), in his review of 15 MAPT articles, found that
smartphones were the most commonly used mobile device for MAPT learning and that,
while MAPT applications did improve L2 learners’ pronunciation, these applications were
often not grounded in pedagogical theory and failed to provide sufficient feedback to their
users (p. 22).

Further research is needed to better understand MAPT’s impact on pronunciation.
Specifically, while the studies in Tseng et al.’s (2022) meta-analysis demonstrated a positive
impact of MAPT on pronunciation, there is a lack of synthesized research on MAPT’s impact
on L2 learners’ perception and production of segmental and suprasegmental features. That
is, no study to date has systematically reviewed the existing empirical and quasi-empirical
studies to analyze MAPT’s impact on L2 learners’ abilities to perceive and/or produce
consonants, vowels, word stress, sentence stress, and other pronunciation features. As
perception and production interact to promote language acquisition and suprasegmental
features have a greater impact on L2 learners’ intelligibility and comprehensibility than
segmental features, such a review would allow us to better understand how MAPT impacts
these important constructs. To fill this gap, this paper follows PRISMA 2020 guidelines
to identify and review ten MAPT-based pronunciation studies, focusing on the studies’
impacts on L2 learners’ perception and production gains. This paper also analyzes the types
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of participants selected, the pronunciation features focused on, and the assessments used
within each study. MAPT impacts on L2 learners’ speech intelligibility, comprehensibility,
and accentedness (subconstructs of production) are also discussed. This paper first defines
the speech constructs of intelligibility, comprehensibility, and accentedness and then defines
the concepts of perception and production. Next, a brief history of MALL and MAPT
research is provided, followed by a review of the ten empirical MAPT-based pronunciation
studies. Gaps within the MAPT research are identified and discussed, and future directions
for MAPT-based pronunciation research are provided.

2. Literature Review
2.1. Intelligibility, Comprehensibility, and Accentedness

As this systematic review is concentrated on mobile pronunciation applications, an
understanding of the major constructs surrounding pronunciation is required. Within
pronunciation research and instruction, pronunciation training is commonly targeted at
global or specific aspects of pronunciation. Global aspects incorporate listeners’ perceptions
of speakers’ overall speaking performances; specific aspects target the segmental (vowel
and consonants) and suprasegmental (e.g., word stress, sentence stress, and intonation)
features that impact overall speech performance (Saito and Plonsky 2019). Derwing and
Munro (2015) suggest that three pronunciation constructs impact listeners” perceptions of
speech including the following: the intelligibility, comprehensibility, and accentedness of
the speech. Intelligibility is a listener’s ability to understand a speaker’s intended message
(Derwing and Munro 2015). Inaccurate usage of suprasegmental features such as mis-
placed word stress, improper placement of pauses, and overuse of falling intonation can
result in decreased intelligibility of the L2 learners’ speech (Kang et al. 2020). The second
construct, comprehensibility, is the effort exerted by a listener to understand a speaker’s
utterances (Munro and Derwing 1995). Comprehensibility issues arise when word and
sentence stress is inappropriately placed, the speech rate is either too slow or too fast, and
there is an overuse of pauses within speech (Saito 2021; Yang 2021). Comprehensibility is
further impacted by limited or inappropriate word usage and a lack of proper grammar
within speech (Derwing and Munro 2015; Trofimovich and Isaac 2012). The final construct,
accentedness, is the deviance between an L2 learner’s speech and a native speaker’s speech
(Derwing and Munro 2015). Accentedness often results from inaccurate production of
vowel and consonant sounds (segmental features). While high accentedness can cause
comprehensibility issues, accentedness does not necessarily impede the intelligibility of
L2 learners’ speech as even highly accented persons can be considered to be intelligible
(Trofimovich and Isaac 2012; Kang et al. 2020). Therefore, intelligibility and comprehensi-
bility are considered the most important constructs to target during pronunciation training
(Derwing and Munro 2015). Training on suprasegmental features, which are considered
to have the greatest impact on speech intelligibility and comprehensibility, is therefore
recommended over segmental training (Avery and Ehrlich 1992; Morley 1991).

Historically, perception—production research (discussed in detail below) has focused
on the perception and production of segmental features (i.e., consonant and vowel sounds)
(Flege 2003). In their 2020 study, Lee et al. extended perception—production research to
include the suprasegmental feature of word stress. Their findings revealed that perception
and production of word stress improved after training (Lee et al. 2020). This shift in the
focus of perception-production research is significant. As discussed above, suprasegmen-
tal features can impact the intelligibility and comprehensibility of L2 learners’ speech
(e.g., Kang et al. 2020; Saito 2021; Trofimovich and Isaac 2012), and an increased focus
on suprasegmental features may result in the better understanding of L2 speakers by
their interlocutors.

2.2. Speech Perception and Production

A primary goal of pronunciation instruction is to improve an L2 learner’s perception
and/or production of targeted pronunciation features. Speech perception is defined as
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an individual’s ability to understand the speech of others. Listeners first perceive, or
distinguish, speech sounds (Hardison 2013; Mitterer and Cutler 2006) and then decode the
sound elements (i.e., the frequency, tone, duration, and intensity of the sounds). Using
these decoded sound elements, listeners interpret the linguistic intent of the interlocutor
(Rost 2016, p. 20). In L2 learning, speech perception becomes challenging as L2 learners
are often unable to effectively perceive the sounds of the target language (Nagle 2018).
Several theories, including Best’s Perceptual Assimilation Model (PAM-L2) (Best 1994,
1995; Best and Tyler 2007) and Flege’s Speech Learning Model (SLM) (Flege 1995, 2003),
have been developed to explain this phenomenon. For the purposes of this paper, the
revised SLM-r model (Flege and Bohn 2021) is used as it theorizes the relationship between
speech perception and production (Lee et al. 2020). According to the SLM-r model, L2
learners associate the sounds of an L2 with the closest sound in their native language (L1),
even if the phonetic characteristics of the sounds differ (e.g., voice onset time or formant
spacing) (Flege and Bohn 2021). This causes L2 learners to filter the sounds of the target
language through their L1, making it difficult for learners to discern L2 sounds accurately.
Through quality L2 speech input, it is suggested that language learners of all ages can
learn to discern the phonetic characteristics of L2 sounds (Flege 2003; Flege and Bohn 2021).
Hardison (2013) suggests that speech perception training is most effective when it includes
multiple speakers, implicit training, and natural speech with a wide variability of sounds.

2.3. The Perception—Production Relationship

According to Flege’s (1995, 2003) original SLM model, accurate production of L2
sounds could only occur if the L2 sound is first perceived by the language learner. While
some research suggests that perception precedes production (e.g., Sakai and Moorman
2018; Saito and van Poeteren 2018), a meta-analysis of perception and production studies
from 1988 to 2013 revealed that relationships between perception gains and production
gains were not statistically significant, suggesting that the results of these studies could
not confirm that improvements in perception led to improvements in production (Sakai
and Moorman 2018). Furthermore, other empirical research either failed to demonstrate
statistically significant correlations between perception training and speech production or
showed inverse relationships between the two constructs (see Flege and Bohn 2021). Based
on this research, Flege and Bohn (2021) introduced the SLM-r model suggesting that “a
strong bidirectional connection exists between production and perception” (p. 30). While
the perception—production relationship continues to be explored, the ability to perceive
speaker messages accurately and to form accurate production of pronunciation features are
considered to be fundamental requirements of communicative exchanges.

2.4. The History of MALL and MAPT Research

With the introduction of mobile devices in the 1990s, the concept of mobile-assisted
learning emerged as a means to provide learner-focused instruction that was accessible
anytime and anywhere (Persson and Nouri 2018). Along with the increased accessibility
and portability of mobile devices over computers, mobile devices provided adaptable,
personalized instruction and opportunities for individualized learning both within and
outside the classroom (Persson and Nouri 2018). Mobile-assisted learning eventually
expanded into L2 pronunciation training, with platforms such as YouTube videos, podcasts,
social media platforms, and applications (apps) being used by L2 learners to improve their
pronunciation of target languages. In particular, MAPT apps have been broadly used. These
apps frequently target segmental accuracy by having users listen to and produce selected
sounds and then, through automatic speech recognition (ASR), receive feedback regarding
their pronunciation accuracy (O’Brien et al. 2018; Yaw 2020). Social media platforms have
provided pronunciation training through collaborative learning situations in which L2
learners interact with each other, share oral content, and provide feedback to each other
(Persson and Nouri 2018; Tseng et al. 2022). L2 learners have also “shadowed” or “dubbed”
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the content of YouTube videos and podcasts to improve their pronunciation (Foote and
McDonough 2017; Wei et al. 2022).

An increase in MAPT research has come with the increase in mobile-assisted usage for
pronunciation training. Much of the MAPT research has focused on MAPT app reviews
(Becker and Edalatishams 2019; Yaw 2020), app infrastructure and design issues, and
teacher training on MAPT tools (Burston 2015). While this research can be useful, empirical
research on MAPT provides greater insight into how mobile-assisted training impacts users’
perception and production of various speech features. As MAPT continually becomes an
integral component of pronunciation training, the following question arises: What effect
does MAPT have on gains in L2 learners’ perception and production? To answer this
question, the remainder of this paper provides a review of ten empirical MAPT studies
under a perception—production lens.

3. Methodology
3.1. Selection of MAPT Studies
3.1.1. Identification of Articles for Inclusion

To better understand the impact MAPT has on L2 learners’ perception and production
of targeted features, this study conducted a systematic review of the MAPT literature
following PRISMA 2020 guidelines (Page et al. 2021). Because of the fact that MAPT
applications are both educational and linguistic in nature, two educational (ERIC and Edu-
cational Full Text) and two linguistic (Linguistics and Language Behavior Abstract and MLI

”ou

International) databases were searched for the terms “pronunciation”, “pronunciation train-
ing”, “mobile-assisted”, “mobile-assisted pronunciation training”, and “mobile-assisted
language training” for the period spanning 2014 through 2024. A general abstract and cita-
tion database (Scopus) was also searched using the same terms. These databases included
several journals that intersect technology and education such as Computers and Education,
Journal of Educational Computing and Research, CALICO, and CALL.

Additional journals that publish MAPT-related articles (see Sung et al. 2015; Tseng
et al. 2022) were also included in this search, specifically Language Learning and Technology;
European Journal of Foreign Language Teaching; Journal of Applied Linguistics and Language
Research; International Journal of Human-Computer Studies; and The New English Teacher. These
journals were searched for the terms “pronunciation”, “mobile-assisted”, and “MALL".

A total of 232 papers were identified including 220 through the database search and
12 through the specific journal searches (see Figure 1). To narrow down the selected
papers for this review, the following criteria were used to identify articles for inclusion: the
articles must include training using mobile-assisted technology; pronunciation must be
the primary focus of the training; an experimental or quasi-experimental research design
with a control group must be used; and statistical results of the data must be provided.
The articles must also be peer-reviewed and include information about the participants
and the feature(s) targeted within the study. Therefore, articles including case studies,
meta- or systematic-analysis, or computer-assisted training were excluded from this review,
as were articles assessing MAPT’s impact on non-pronunciation features (e.g., writing,
vocabulary enhancement, teaching protocols) and articles assessing participants” attitudes,
perceptions, or motivations towards MAPT applications. After screening the papers, the
researchers found only 10 papers that met these criteria. These articles are included in this
review (see Table 1). Although every effort has been made to be inclusive, it is possible that
there are some MAPT-related articles that were not identified through the search terms and
databases. Also, the inclusion of an additional reviewer may have resulted in the selection
of different articles.
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2 Records were not retrieved because the title indicated that the article did not meet search criteria.
3 Reports were primarily excluded from database search. Only one specific journal report was excluded due to no control

group.

Figure 1. Identification of MAPT articles for review.

Table 1. Summary of MAPT articles included in this review.

Study Participants 2 MPAT Tool Target Feature Assessment

Perception and Production

Perception tasks

Fouz-Gonzalez (2020) Spanish College English File Pron App Phonemes produced words,
sentences, etc.

Liakin et al. (2015) Canadian College Nuance Dragon (ASR) Phoneme Perception tasks,
produced words, etc.
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Table 1. Cont.
Study Participants 2 MPAT Tool Target Feature Assessment
Production
Dillon and Wells (2023) Korean College Google Doc Phonemes Produced passages
: (ASR Feedback)

Liakin et al. (2017) 1 Canadian College NaturalReader TTS Phonemic Produced sentences
Sufi and Shalmani (2018) Iranian College Engl-to-Engl TFlat App Phonemes Produced words
Arashnia ég? (jhahrokhl Iranian MS English File Pron App Words Produced words

Cerezo et al. (2019) Spanish PreK HolograFX 3 App Words Produced words
Di (2018) Chinese College Speak English More Word, sentence stress Produced words,
App + ASR sentences, etc.
Sun et al. (2017) Chinese ES Papa App (SNS) Fluency; pronunciation =~ Produced descriptions
Wei et al. (2022) Chinese College English Fun Dubbing Intelligibility; Produced passages
comprehen.

Notes: 1 MAPT studies targeted French phonemes (Liakin et al. 2015) and liaisons (Liakin et al. 2017). 2
ES = elementary school, MS = middle school, and HS = high school. 3 App was created by the authors for
the study.

3.1.2. Data Collection and Coding

For this study, the researcher collected data from the selected articles to identify
the participants used in the studies (e.g., nationality and education level), the MPAT
applications and platforms used, the pronunciation features targeted, and the methods
used for assessment. Nearly all the data, with the exception of some perception and
production coding, was readily available from within the articles. If not stated, the coding
of the assessment tasks as either perception or production was based on the nature of the
task. Tasks asking participants to read sentences or paragraphs were deemed as production
tasks; tasks asking participants to listen to recordings and identify targeted features were
labeled as perception tasks.

4. Results

The reviewed studies targeted participants from various countries worldwide includ-
ing Canada, China, Iran, Korea, and Spain (see Table 1). The majority of the participants
were college students (seven studies). Over half of the studies (six studies) assessed the
impact of MAPT apps; the other studies analyzed the impact of speech recognition soft-
ware, text-to-speech (TTS) applications, ASR feedback, and a dubbing program. Five of
the studies targeted phonemic (i.e., segmental) features, one targeted word and sentence
stress (suprasegmental features), and two studies targeted overall speech performance
(i.e., intelligibility and comprehensibility; fluency and overall pronunciation). While all the
studies assessed participants’ production of either words, sentences, or passages, only two
assessed participants’ perceptions of targeted features.

The studies selected for review occurred between 2015 and 2024 and included an
average of 52.4 participants per study (see Table 2). Nearly half of the studies (four
studies) conducted MAPT training sessions over four- to six-week periods. Except for
the Fouz-Gonzdlez (2020) study, which utilized the correlation r to determine effect sizes
for perception tasks, effect sizes were determined using Cohen’s d. Seven of the studies
showed large effect sizes (d > 0.8); the other studies showed a mixture of small, medium,
and large effect sizes.
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Table 2. Participant data, study duration, and effect sizes for included studies.

Study Participants ! Study Duration Effect Size d or r

Perception—Stimuli (Familiar):
EGl: /ee/r=024 /an/r=044 /a:/ r=055 /o/ r=0.38
/z/ r=0.41
EG2: /ae/ r=0.83 /ao/r=0.79 /a:/ d=1.39 /o/ r=0.69
/z/r=077
Perception—Stimuli (Novel):
EGl: /ee/r=0.09 /o/ r=031 /a:/ r=0.10 /o/ r=0.15
/z/r=0.19
EG2: /ee/d=029 /a/ r=0.60 /a:/ r=0.19 /o/ d =0.68*
/z/ r=0.62*%
Production—Imitation Task:
54 EGl: /ee/d=057%*/a/d=0.86 /a:/ d=0.60 /o/ d=0.08 /z/
Fouz-Gonzaélez (2020) EG1=2; EG2 =27; 2 weeks d=0.33
CG=27 EG2: /ee/d=0.09 /o/d=0.35/a:/d=0.69 /o/ d=0.16

/z/d =028
Production—Sentence Task (Familiar):
EGl: /ae/d=072 /a/d=044 /a:/ d=0.70% /o/ d=0.24 /z/
d=023*%
EG2: /ee/d=0.19 /o/d=0.28 /a:/ d=0.35 /a/ d =0.20
/z/ d=0.00
Production—Sentence Task (Novel):
EG1: /ee/d=0.17 /ao/ d=0.63% /a:/ d=0.76 /o/ d=0.60* /z/
d=0.18
EG2: /ae/d=040 /a/d=0.19 /a:/ d=0.34 /o/ d=—-0.04 /z/
d=0.30
Production—Timed-picture Description:
EG1: /ee/ d=043 /an/d=0.60% /a:/ d=052 /o/ d=074% /z/

d=0.17
EG2: /ae/d=0.31/a/d=0.11/a:/d=025/s/d=0.13
/z/d=021
Perception:
42 ASR:d =0.57
L ASR =14; NonASR: d =0.17
Liakin et al. (2015) NonASR = 14; 5 weeks Production:
CG=14 ASR:d=0.74*

NonASR: d = 0.52

Overall error reduction: d = —0.28 *
59 Vowel error reduction: d = —0.31
Dillon and Wells (2023) EG=34:CC=25 4 weeks /1/—/r/ error reduction: d = —0.21
T Epenthesis error reduction: d = —0.18
/bpfv/ error reduction: d = 0.02

27
. TTS:d =151
Liakin et al. (2017) TTS =9; NonTTS =9; 5 weeks Non-TTS: 4 = 0.98
CG=9
Sufi and Shalmani (2018) 30 6 weeks d=347%
‘ e EG=15;CG =15 =
Arashnia and Shahrokhi 60 "
(2016) EG = 30; CG = 30 3 months d=246
70 EG1:d =279 *
Cerezo et al. (2019) EGI1 =23; EG2 =23; 3 weeks S
EG2: d=3.64*
CG=24
Di (2018) 60 8 lessons d=3.88
! EG =30; CG =30 =
72 Fluency: d = 1.00 *
Sunetal. (2017) EG=37;CG=35 13 weeks Pronunciation: d = 0.96
‘ 50 Intelligibility: d = 1.57
Weietal. (2022) EG=24;CG=26 8 weeks Comprehensibility: d = —0.09 *

TEG = experimental group; CG = control group. * Statistically significant at (p < 0.05).
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5. Discussion
5.1. MAPT Impact on Perception

The only MAPT studies that included an assessment of perception gains were Fouz-
Gonzalez (2020) and Liakin et al. (2015). The Fouz-Gonzélez (2020) study utilized the
English File Pronunciation (EFP) app to improve Spanish college students’ perception
and production of four English vowel sounds (/e a: A o/) and the /s—z/ contrast.
Two experimental groups were used, EG1 and EG2. EG2 originally served as a control
group for EG1 and then received subsequent training. Both groups reviewed targeted
sounds on a phonemic chart and practiced these and other sounds using the EFP app for a
two-week period. Perception gains were assessed using the following familiar and novel
stimuli for two tasks: (1) a sound identification task and (2) a sound differentiation task.
EG1, the only group compared to the control group, showed no significant difference in
sound perceptions from the control group for either the familiar or novel stimuli. The
results showed that the training for the EG1 group had a small to medium effect (r = 0.24
to 0.55) on perception gains for familiar tasks, while the training for the EG2 group had a
medium to large effect on perception (r = 0.69 to d = 1.39). For both groups, the training
had primarily small effects on perception gains when novel stimuli were introduced. As a
result, even though the participants showed improved abilities to perceive targeted sounds
in familiar stimuli, they were unable to transfer these perception skills to novel stimuli.

Liakin et al. (2015) studied the impact of French /y/ phoneme training on native and
near-native English speakers from a Canadian university. Two groups of students were
trained on the French /y/ phoneme while a third (control) group received no training. The
first group used Nuance Dragon Dictation, a commercially available ASR application, to
receive feedback on the pronunciation of selected words (ASR group); the second group
studied the selected words in class with a teacher (NonASR group); and the third (control)
group received only conversation practice. The results from perception tasks (listening to
French pseudowords with the targeted sound and distractors) yielded a medium effect size
for the ASR group (d = 0.57) and a small effect size for the NonASR group (d = 0.17). The
study, however, did not find the perception gains to be statistically different among the
three groups.

Based on this review, perception gains were only assessed in two out of the ten
reviewed studies. When perception was assessed, perception gains were not significant
(Fouz-Gonzalez 2020; Liakin et al. 2015) or transferable to novel input (Fouz-Gonzalez
2020). These results imply that MAPT training may not significantly improve L2 learners’
abilities to perceive sounds. However, as these results were only found in two studies,
more research is required to understand MAPT’s impact on perception.

5.2. MAPT Impact on Production

All the studies included in this review assessed the production of the targeted fea-
tures. Five of these studies targeted phonemes or segmental production, two targeted
word production, and one targeted word and sentence stress production. The final
two studies targeted the global features of fluency and production and intelligibility
and comprehensibility.

5.2.1. Segmental Production: Vowels and Consonants

The Fouz-Gonzalez (2020) study described above utilized three tasks to assess par-
ticipants’ production including an imitation task, a sentence reading task, and a picture
description task. The impact of the training varied based on the production task type and
the targeted vowel sounds. For example, the EG1 group realized greater effect sizes than
the EG2 group in /e/ production in the imitation and familiar sentence tasks (d = 0.57 and
0.72, respectively) and the picture description task (d = 0.43). Conversely, the EG2 group
realized higher effect sizes in /e/ production during the novel sentence task (d = 0.40).
Overall, the training tended to have small to medium effect sizes on production (EGI:
d =0.08 to 0.76; EG2: d = 0.00 to 0.69). Production gains were significant for only the /a/
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sound in the imitation task, the /a:/ and /z/ sounds for the familiar sentence task, and the
/a/ and /o/ sounds for the novel sentence task and the picture description task. Within
the Liakin et al. (2015) study (also described above), production tasks included participants
reading aloud words and phrases. Production gains for both experimental groups showed
medium effect sizes of the training (4 = 0.74 and 0.52, respectively), though only the gains
from the ASR group were considered to be statistically significant within the study.

In the Dillon and Wells (2023) study, Korean students received pronunciation training
on the vowel and consonant sounds that differ between English and Korean. The groups
also practiced reading a paragraph about rainbows. The students were divided into an
experimental and a control group, with only the experimental group receiving training on,
and practicing pronunciation with, the ASR feedback feature in Google Documents. Results
from a production task (reading the rainbow paragraph) showed a significant reduction in
overall pronunciation errors between the experimental and control groups, although the
training had only a small effect (d = —0.28) on the experimental group’s error reduction.
Reduction in errors for individual segmental features showed no significant difference
between the experimental and control groups, although the training did result in small
effect sizes for reduction in vowel sound errors (d = —0.31), /1/-/r/ production errors
(d = —0.21), and epenthesis errors (d = —0.18).

In the Liakin et al. (2017) study, two groups of students at a Canadian university were
trained on French liaisons; a third (control) group received no training. The first group
uploaded word phrases provided by instructors into NaturalReader, a text-to-speech (TTS)
tool, and utilized the uploaded phrases to practice French liaisons. The second group
practiced French liaison phrases with a teacher (NonTTS), while the third (control) group
received only conversation practice. Results from the production tasks (reading sentences
aloud) showed large effect sizes of the training in both the TTS and NonTTS groups (d = 1.51
and 0.98, respectively). However, the authors cited no significant differences in production
gains among the three groups.

In the Sufi and Shalmani (2018) study, students from an Iranian university were trained
on vowels, consonants, and diphthongs in a classroom setting followed by pronunciation
practice using the English-to-English TFlat App. The control group learned and practiced
the sounds in a classroom setting. Results from a production task (reading words aloud)
showed that only the group using the TFlat app realized significant production gains for
the targeted sounds with a large effect size for the training (d = 3.47).

Overall, the results of the MAPT studies focusing on the production of segmental
features are mixed. Significant production gains for experimental groups over control
groups were shown in the studies by Liakin et al. (2015) and Sufi and Shalmani (2018).
Dillon and Wells (2023) reported significant error reduction overall; however, error reduc-
tions for specific segmental features were not significant. The Fouz-Gonzalez (2020) study
demonstrated production gains for only certain vowel features but not others. Effect sizes
of the training were large in the studies by Liakin et al. (2017) and Sufi and Shalmani (2018)
and medium-sized in those by Liakin et al. (2015) and Dillon and Wells (2023). Differences
in the parameters of the studies (e.g., nationality of the participants, targeted features,
types of MAPT platforms used) make it difficult to assess why the variances in results
occurred. Additional research on MAPT studies targeting segmental production could
provide greater insight into how MAPT training impacts segmental production.

5.2.2. Word Production

Two of the reviewed MAPT studies targeted the production of words specifically.
In the Arashnia and Shahrokhi (2016) study, the researchers analyzed the impact of a
MAPT app on Iranian middle school students’ production of selected words. The study’s
experimental group learned word pronunciation in a classroom setting with continued
learning of the word and practice via the EFP app (this app was also used by Fouz-Gonzalez
2020). The control group received only in-class instruction and practice. In a production
task of reading aloud selected words, the experimental group realized significantly higher



Languages 2024, 9, 251

11 of 15

production gains than the control group. The training was also effective, resulting in a large
effect size (d = 2.46).

In the Cerezo et al. (2019) study, preschool students in Spain practiced the pronuncia-
tion of previously learned vocabulary using an app developed by the authors. One version
of the app included holographic images of the vocabulary words and a virtual “teacher”
named Arturito. Students were divided into three groups as follows: the first group used
the app without the holographic game (EG1), the second group used the app without the
holographic game (EG2), and the third (control) group received in-class training only. Re-
sults from a word production task showed statistically higher gains for both experimental
groups over the control group, with the group using the holographic game app realizing
statistically higher production gains than the other experimental group. The training was
also effective, resulting in large effect sizes for both experimental groups (EG1: d = 2.79;
EG2: d = 3.64).

Overall, the results of these reviewed studies suggest that using MAPT to improve
word production can be effective. The experimental groups in both MAPT studies in this
category realized significant gains over the control groups. The participants in these studies
were preschool and middle school students, which may suggest that these apps are effective
for younger participants.

5.2.3. Suprasegmental Production: Word and Sentence Stress

The Di (2018) study is the only study to target suprasegmental features. The study
targeted Chinese college students” improvement in word and sentence stress patterns
through the use of song lyrics embedded into the Speak English More App with ASR
feedback. The experimental group listened to the lyrics via the app, practiced producing
the lyrics, and received ASR feedback on their pronunciations. The control group only
practiced the lyrics in class. Results from production tasks (reading of words, phrases,
sentences, and a paragraph) showed a statistical improvement in word and sentence stress
for the students using the app. The training had a large effect size (d = 3.88). Therefore,
while only one study targeted suprasegmental features, the results suggest that MAPT may
be effective at enhancing L2 learners’ production of suprasegmental features. However,
more research on the use of MAPT for suprasegmental improvement is needed to support
this assertion.

5.2.4. Overall Speech Performance

The final two studies reviewed did not target a specific segmental or suprasegmental
feature. Instead, Sun et al. (2017) targeted fluency and overall participant pronunciation
gains, and Wei et al. (2022) targeted improvements in the intelligibility and comprehen-
sibility of participants’ speech. During the Sun et al. (2017) study, Chinese elementary
school students received training on selected words and sentence structures and were
given oral homework tasks to practice these items. Students in the experimental group
were asked to record responses to these tasks using Papa, a social network (SNS) app, with
parental assistance. The control group did not record their responses. Speech samples were
elicited through picture description tasks, and the results of the study indicated that the
experimental group realized statistically significant gains in fluency only; production gains
for overall pronunciation were not significant. However, the training had a large effect on
both fluency (d = 1.00) and overall pronunciation (d = 0.96).

In the Wei et al. (2022) study, an experimental group of Chinese college students
learning English dubbed two 60-minute video clips during eight pronunciation training
sessions. Both the experimental and control groups received English instruction during this
period, but the control group did not dub videos. To measure performance, the participants
were asked to read a selected passage. At the end of the eight sessions, the training was
shown to have a large effect on intelligibility gains for the experimental group (d = 1.57), but
these gains were not found to be significantly different than those of the control group. In
terms of comprehensibility, the experimental group’s reading of the passage was considered
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to be statistically more comprehensible than the control group’s reading. However, the
overall impact of the training was negligible (d = 0.09).

In summary, the results of the studies on overall speech performance are again mixed.
Only fluency (Sun et al. 2017) and comprehensibility (Wei et al. 2022) were significantly
different between the performance of the experimental and control groups. Differences in
intelligibility (Wei et al. 2022) and overall pronunciation production (Sun et al. 2017) were
not statistically significant. The MAPT training, however, did have a large effect on fluency,
pronunciation, and intelligibility. Based on the results of these studies, MAPT training
appears to be effective, but this training does not appear to have significantly higher results
than in-class pronunciation training.

5.3. MAPT Impact

In the ten studies listed above, MAPT was not used as an alternative for in-class
pronunciation training; instead, MAPT platforms were used to supplement and/or provide
additional practice for in-class pronunciation instruction. Only Fouz-Gonzalez (2020)
used MAPT as the primary form of pronunciation training. Overall, there was very
little consistency in the type of MAPT platforms used during these studies, with some
studies assessing the impact of established MAPT apps (Arashnia and Shahrokhi 2016;
Fouz-Gonzalez 2020; Sufi and Shalmani 2018) and others assessing apps they developed
themselves (Cerezo et al. 2019). ASR from various sources was used in three studies (Dillon
and Wells 2023; Di 2018; Liakin et al. 2015), and a social network site was used in one
study (Sun et al. 2017). Dubbing apps (Wei et al. 2022) and text-to-speech apps (Liakin et al.
2017) were also used. This degree of variability makes it difficult to assess MAPT’s impact
on pronunciation.

The results from assessments of MAPT’s impact on perception indicate that MAPT
provides no significant gains over in-class teaching. However, these findings are based
on the results of only two studies. More research is needed to determine if these results
are consistent in other studies. The results of MAPT’s impact on production are more
promising, with seven studies showing statistically significant results from using MAPT
platforms. However, the effect of training in Dillon and Wells (2023) had only a small effect
on overall error reduction, and pronunciation gains were not significant for individual
features. Furthermore, while differences in comprehensibility between experimental and
control groups were considered to be statistically significant in Wei et al. (2022), the
participants actually demonstrated slightly less comprehensible speech after training (pre-
training M = 80.72 versus post-training M = 80.36). The remaining five studies demonstrated
large effect sizes of the training (d = 0.74 to 3.64). Therefore, only half of the studies can
be considered to demonstrate a significant impact of MAPT on L2 learners’ production of
targeted pronunciation features.

6. Implications and Future Directions

Although the findings of this review show mixed results, the studies do demonstrate
that MAPT can be used to target a variety of segmental and suprasegmental features
across a range of participants, both in terms of L1 background and age. As demonstrated,
MAPT can be used to enhance in-class pronunciation training, increasing L2 learners’
exposure to targeted pronunciation features and providing immediate feedback via ASR.
Although not stated, L2 learners may also benefit from un-stressful learning environments
and personalized instructions, which are key components of MAPT platforms. Therefore,
this research suggests that MAPT platforms may provide viable options for practicing
pronunciation within L2 classrooms. However, because of the small number of studies
included in this review, more research is needed to better understand the impact of MAPT
on L2 learners’ perception and production. In addition, research is needed to assess the
viability of MAPT as a stand-alone form of pronunciation training within L2 classrooms.

Also, these studies focused only on participants in school settings. It is likely that
MAPT can be used for pronunciation learning outside of school settings and by people in



Languages 2024, 9, 251 13 of 15

different domains of life. For example, students living in remote areas with limited access
to L2 learning and adults with mobility issues, childcare concerns, or work responsibilities
may find it useful to access the pronunciation tools available via smartphones. There
are, therefore, opportunities to expand MAPT research to include MAPT usage outside of
classroom settings and to include non-traditional L2 learners.

Moreover, research is needed to understand MAPT’s impact on overall speech per-
formance. In this review, only one study researched the impact of MAPT on speech
intelligibility and comprehensibility. As these two constructs impact the understandabil-
ity of L2 learners’ speech, more emphasis should be placed on determining how MAPT
impacts these constructs. In addition, more researchers should conduct research on how
MAPT can be used to improve the perception and production of suprasegmental features,
which are considered to impact L2 learners’ intelligibility and comprehensibility.

7. Conclusions

While MAPT provides a range of benefits to L2 instructors, students, and other L2
learners, the ten studies included in this review did provide sufficient support for using
MAPT for perception and production purposes. Perception gains were rarely assessed
within these studies, and only half of the studies demonstrated a significant impact of MAPT
on production gains. More robust, empirical studies are needed for MAPT research with a
focus on both segmental and suprasegmental features and an assessment of both perception
and production gains. To measure intelligibility and comprehensibility, gains should also
be included to assess the impact of MAPT on overall speech performance. Research
should also expand beyond classroom settings to better understand how MAPT impacts
the pronunciation gains of L2 learners not affiliated with an educational program. Such
changes could build greater confidence among L2 instructors, L2 learners, and researchers
in the effectiveness of MAPT applications for pronunciation training.
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