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ABSTRACT

Choe, Seyeon, Hyoyoung Park and Hyunkee Ahn. 2025. The efficacy of high
variability phonetic training for L2 speech perception in EFL contexts: A meta-
analytic approach. Korean Journal of English Language and Linguistics 25, 1416-
1443

This meta-analysis examined the effectiveness of High Variability Phonetic Training
(HVPT) in improving English L2 speech perception among EFL learners and
examines how learner-, training-, and testing-related factors moderate its efficacy.
Synthesizing data from 15 studies, the overall immediate effect of HVPT was small to
medium (g = 0.62, 95% CI [0.53; 0.71]). HVPT effects diminished over time, with
smaller effect sizes at one- to two- month follow-ups, suggesting limited long-term
retention. Learner-related moderators revealed stronger effects for adolescents (g =
0.76), and pre-intermediate learners (g = 0.99). Training-related factors associated with
greater effectiveness included real-word training stimuli (g = 0.69), exposure to more
than ten talkers (g = 0.79), and inclusion of visual support during L2 speech training
(g = 0.75). Shorter overall training durations (<5 weeks; g = 0.73), and training
sessions longer than 30 minutes (g = 0.75) were also linked to larger effects.
Identification training was generally more effective than discrimination training (g =
0.62 vs. 0.33), yet training that combined both tasks yielded the largest effect (g =
0.96). Testing task type (identification vs. discrimination) showed little impact, but
testing stimulus type (word vs. nonword) made a clear difference (g = 0.68 vs. 0.36).
Transfer effects were stronger for word-based than nonword-based training,
particularly in long-term retention (g = 0.98). Overall, the findings suggest that HVPT
can produce meaningful improvements in L2 speech perception among EFL learners,
particularly under specific learner and training conditions.

KEYWORDS
EFL, high variability phonetic training, HVPT, meta-analysis, L2 speech perception
training
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1. Introduction

High variability phonetic training (HVPT) is generally recognized as a form of perceptual training—primarily
targeting segmentals—that exposes second language (L2) learners to a wide range of auditory stimuli produced
by multiple speakers across diverse phonetic contexts (Thomson 2018). Research has demonstrated the
effectiveness of HVPT in enhancing pronunciation skills among L2 learners, especially for adults (Barriuso and
Hayes-Harb 2018, Mahdi and Mohsen 2024, Thomson 2018, Uchihara et al. 2024). Although English L2 learners
may experience substantially different learning conditions depending on whether they study in an English as a
foreign language (EFL) or English as a second language (ESL) context (Nayar 1997)—such as the amount and
quality of input or opportunities for interaction, this distinction is often overlooked in discussions of L2
pronunciation teaching and learning, which tend to focus predominantly on learners in ESL environments. For
instance, key variables such as length of residence (LOR) (e.g., Derwing 2008) or the discussion of the window
of maximal opportunity (WMO) hypothesis (Derwing and Munro 2015) primarily pertain to ESL learners, with
limited consideration of EFL contexts. Moreover, in a recent meta-analysis of HVPT, Uchihara et al. (2024)
reported that the effect size was larger for foreign language contexts (Hedges’ g = 0.60) than for second language
contexts (Hedges’ g = 0.34), suggesting that HVPT tends to be more effective for EFL learners than for ESL
learners in enhancing L2 production. In this regard, the effectiveness of HVPT in EFL contexts warrants dedicated
and systematic investigation.

HVPT is based on the theoretical premise that perception is a prerequisite for production (Flege 1995a, Thomson
2018, 2022a). Its core objective is to enhance learners’ L2 pronunciation skills by first strengthening their
perceptual abilities (Thomson 2018). In other words, the development of L2 pronunciation skills is contingent on
the learner’s capacity to accurately perceive novel or contrastive L2 speech sounds in the target language (Thomson
2022a). The role of perception in shaping production is well documented in the literature (see Kingston 2007).
Houde and Jordan (1988, 2002) demonstrated through manipulated auditory feedback experiments that speakers
adjust their articulation based on how their speech sounds, indicating an auditory-based control mechanism in
speech production. Thomson (2022a) also emphasized the importance of L2 learners’ perceptual reorientation in
L2 pronunciation instruction, given that they already possess automatic L 1-based speech perception systems.

Recognizing the foundational role of perception in guiding speech production, this study examines the
effectiveness of HVPT in enhancing EFL learners’ perceptual abilities and explores the key moderating factors
influencing its outcomes, using a meta-analytic approach. In EFL contexts—where English is not an official
language and opportunities for input and output are inherently limited (Nayar 1997)—a well-developed L2 sound
perceptual system for L2 learners becomes particularly critical, as it can shape accurate pronunciation (e.g., Flege
1995a, Escudero 2005). While the ultimate goal of HVPT is to improve pronunciation, it is fundamentally a
perceptual training method. Therefore, examining perceptual outcomes provides a valid and meaningful index of
its impact. Accordingly, the present study focuses exclusively on perceptual outcomes, acknowledging their
pivotal role in successful L2 pronunciation acquisition. In sum, this meta-analysis aims to quantitatively synthesize
the effectiveness of HVPT on EFL learners’ speech perception and to identify the key factors moderating this
training effect.

2. Literature Review

2.1 Why Context Matters: Rethinking L2 Pronunciation Teaching in ESL and EFL Settings
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While ESL and EFL contexts share the common goal of equipping learners to use English effectively outside
the classroom, the distinction between them—though not strictly deterministic (Brown 2000, Nayar 1997)—entails
important differences in instructional and learning practices that merit attention (Tanner and Henrichsen 2022).
Previous meta-analyses of pronunciation instruction have reported separate effect sizes for EFL and ESL contexts,
typically showing stronger effects in EFL settings (Choe et al. 2020, Lee et al. 2015, Uchihara et al. 2024).
However, to our knowledge, these contextual differences have rarely been examined in depth. That is, contextual
distinctions have often been conflated with other moderating variables, making it difficult to isolate the unique
role of context when interpreting moderator effects. Nevertheless, in the context of L2 pronunciation pedagogy,
two critical distinctions can be drawn between EFL and ESL environments. The first concerns learners’ linguistic
backgrounds: EFL learners typically share a common L1, resulting in similar pronunciation challenges, whereas
ESL classrooms involve greater linguistic diversity and consequently more varied pronunciation difficulties
(Tanner and Henrichsen 2022). The second pertains to communicative demands, which differ substantially
between the two contexts (Nayar 1997). Specifically, while ESL learners are generally immersed in English-
speaking environment, EFL learners have limited exposure to naturalistic input and often lack opportunities to test
the intelligibility of their speech in authentic communicative situations.

These differences between ESL and EFL contexts align with a broader paradigm shift in L2 pronunciation
research and pedagogy, particularly in how pronunciation goals are conceptualized and implemented across
settings. Two key principles have shaped this shift: the Nativeness Principle and the Intelligibility Principle (Levis
2005, 2020). The former equates native-like pronunciation with intelligible speech, regardless of actual
comprehensibility. In contrast, the now widely supported Intelligibility Principle prioritizes mutual understanding
as the goal of communication (Munro and Derwing 1995, 2020). Empirical evidence indicates that even heavily
accented speech can be both intelligible and comprehensible (Munro and Derwing 1995), prompting a move
toward listener-based outcomes—such as intelligibility and comprehensibility—in L2 pronunciation teaching and
learning (Levis 2020, Munro and Derwing 2015). This paradigm shift, however, may vary in its applicability across
instructional contexts, given the persistent reliance on traditional, teacher-centered practices and learners’
reluctance to engage in face-threatening interaction in many EFL contexts (Saito and Ebsworth 2004). From the
learner’s perspective, the need for the Intelligibility Principle may be less salient in EFL contexts, where English
seldom functions as a medium of everyday communication. Furthermore, in settings where learners and teachers
share the same L1, their mutual familiarity with L1-accented English may hinder valid and reliable assessment of
L2 pronunciation progress (Foote et al. 2016). In this light, the EFL-ESL distinction should not be overlooked in
L2 pronunciation pedagogy, particularly at the classroom level, where pedagogical conditions and learner
expectations often diverge markedly (e.g., Saito and Ebsworth 2004).

As Levis (2020) emphasizes, intelligibility is inherently context dependent. This suggests that L2 pronunciation
pedagogy should align with the communicative realities in which it is implemented. Building on this insight, the
present study aims to explicitly distinguish EFL settings from ESL settings—not merely as moderator variables,
but as core determinants of the pedagogical approach—in an effort to promote a more context-sensitive
understanding of L2 pronunciation instruction. In this study, the EFL context is defined as “the role of English in
countries where it is taught as a subject in schools but where it has no recognized status or function” (Nayar 1997,
p.13), to ensure conceptual clarity in distinguishing it from the ESL context.

2.2 The Role of Perception in Shaping L2 Speech Production
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Although perception and production are generally regarded as distinct yet interrelated processes, the question
of which precedes the other in L2 acquisition remains a subject of ongoing debate (Escudero 2007, Flege 1995a,
Flege and Bohn 2021, Thomson 2022b). Theoretically, the Speech Learning Model (SLM; Flege 1995a) and its
revised version, SLM-r (Flege and Bohn 2021), differ in their accounts of how this sequencing develops. Flege’s
(1995a) SLM posits “that without accurate perceptual targets to guide the sensorimotor learning of L2 sounds,
production of the L2 sounds will be inaccurate” (p. 238). In contrast, the revised SLM-r introduces a co-evolution
hypothesis, proposing that perception and production mutually influence one another throughout L2 speech
learning, in response to mixed findings in empirical research (Flege and Bohn 2021). While the SLM-r
accommodates evidence suggesting that production may sometimes precede perception, it does not replace the
original assumption with a unidirectional production-to-perception account. Rather, it reframes the original model
as a bidirectional, co-evolutionary framework linking perception and production.

A substantial body of empirical research has shown that successful L2 speech learning is grounded in perceptual
development, which paves the way for subsequent improvements in production (Georgiou 2022, Rato 2013,
Sebastian-Gallés and Baus 2005). However, as acknowledged within the co-evolutionary perspective of SLM-r,
some studies have reported cases in which learners’ production abilities may, at times, surpass their perceptual
skills (Goto 1971, Tsukada et al. 2005). These findings, however, have been questioned by Escudero (2007), who
identified several methodological limitations in studies suggesting that production can precede perception—such
as the artificial task conditions or the effects of prior articulatory training—potentially resulting in overly self-
monitored and unnatural L2 speech. Likewise, Thomson (2022b) argues that, much like in first language
acquisition, perception precedes production in L2 learning, and that studies reporting the opposite primarily reflect
the influence of explicit knowledge in production rather than refuting this fundamental sequence. Notably,
evidence from HVPT, which has been found to improve L2 production through perceptual training, provides
compelling empirical support for the view that perception precedes production in L2 acquisition (Barriuso and
Hayes-Harb 2018, Thomson 2022a, Uchihara et al. 2024). In this respect, “HVPT is likely to manifest in perception
first, before affecting production” (Thomson 2018, p.214).

Although improving L2 production skills is the ultimate goal of HVPT, the path from perceptual gains to
productive accuracy is far from straightforward, largely because speech production requires complex articulatory
motor control involving muscle coordination, timing, and sensorimotor integration (e.g., Levelt et al. 1999). That
is, there exists a somewhat asymmetrical relationship between perception and production (Sebastian-Gallés and
Baus 2005, Thomson 2022b, Uchihara et al. 2024, Zhang et al. 2021). Against this backdrop, the present study
focuses exclusively on the perceptual outcomes of HVPT. This emphasis on perception is not intended to diminish
the importance of production outcomes; rather, it foregrounds perception as a necessary precursor to production
in L2 speech learning, aiming for a more nuanced understanding of how HVPT facilitates L2 speech learning in
EFL contexts.

2.3 The Effectiveness of HVPT and its Moderating Factors in Enhancing L2 Speech Perception

When L2 learners are exposed to highly variable speech input, they tend to develop more robust L2 phonological
systems (Levis 2016). In this regard, HVPT has gained increasing attention as an effective approach to L2 speech
learning, capitalizing on natural variability in speech input to enhance L2 learners’ perception and production of
target sounds (Barriuso and Hayes-Harb 2018, Levis 2016, Thomson 2018). This section synthesizes previous
findings on how factors such as age, proficiency, training methods, and testing methods influence HVPT
outcomes.
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While HVPT studies suggest that adults typically benefit from training, children often exhibit variation in
effectiveness depending on their age. Giannakopoulou et al. (2017) reported that across 10 training sessions for
English tense-lax vowel distinctions involving minimal-pair picture-selection HVPT tasks, adults consistently
outperformed children aged approximately 7.8 to 9.8 years. While both age groups improved on discrimination
tests following training, children showed greater gains in the low-variability training condition than in the high-
variability one—contrary to the authors’ expectations. This pattern may be partly explained by age variation within
child groups, as other studies have shown that older children (approximately 8-12 years) tend to outperform
younger children (around 6-8 years) in L2 speech learning (Brekelmans et al. 2024, Shinohara and Iverson 2021).
These findings suggest that HVPT studies should account for developmental differences within child populations,
rather than treating children as a homogeneous group.

Research on HVPT has shown that while it benefits learners across all proficiency levels, its effect may vary
depending on learners’ initial proficiency levels. Wong’s (2014) examined how learners with differing levels of
perception and production abilities responded to HVPT targeting the English /e-&/ contrast, revealing both groups
showed comparable improvement after training. This finding suggests that intensive HVPT may offset the initial
proficiency-based differences by directing learners’ attention to phonetic cues, thereby facilitating the acquisition
of difficult non-native contrasts regardless of prior skill level. On the contrary, Lee and Hwang’s (2016) findings
indicate that HVPT may yield differential benefits depending on learners’ initial proficiency levels. Specifically,
lower-level learners showed more pronounced gains in identification accuracy—particularly for consonants—than
their higher-level counterparts. Thus, their study suggests that HVPT is most effective when informed by
diagnostic insights into learners’ current skills, particularly when training involves difficult contrasts.

Recent HVPT studies suggest that nonwords may offer distinct advantages over words as training ones (Ortega
et al. 2021, Thomson and Derwing 2016). Thomson and Derwing (2016) compared a Phonetic Group, exposed to
a mix of words and nonwords (mostly nonwords), with a Real Word Group trained exclusively on real words,
targeting ten English vowels. They found that Phonetic Group showed greater gains in an elicited imitation task,
which they interpret as evidence that nonwords facilitate more accurate encoding of segmental detail by
minimizing reliance on lexical memory. Ortega et al. (2021) extended this evidence with advanced Spanish-
Catalan bilinguals by training separate groups on either nonwords or real words for English /a&-a/ contrast. The
results showed that only the nonword group showed significant improvements in vowel production, as measured
by acoustic distance from native targets, and these gains generalized to novel real-word items. The word group,
by contrast, failed to improve. Taken together, these findings on the effectiveness of nonword training support the
view that nonword stimuli in HVPT direct learners’ attention to fine phonetic detail without lexical interference,
thereby fostering more robust L2 phonological abstraction that facilitates more accurate production.

A growing body of HVPT research has aimed to determine not only whether training leads to improvement, but
also whether such gains generalize to unfamiliar talkers and contexts and persist over time. These two dimensions
of learning are known as generalization—the extent to which training effects transfer beyond familiar input—and
retention—the extent to which those effects are maintained over time, typically assessed using delayed posttests
(Thomson 2018). However, findings on the generalization and retention effects of HVPT remain inconsistent.
Zhang et al. (2021), in their meta-analysis on HVPT, reported a large generalization effect size (g = 0.72, 95% CI
[0.15; 1.29]) and an even larger retention effect (g = 1.09, 95% CI [0.39; 1.78]); however, as the authors noted, the
latter should be interpreted with caution, given that it is based on only two studies. In contrast, Uchihara et al.
(2024) reported more limited effects for both generalization and retention by comparing delayed posttest results
to both pretest results and posttest outcomes. These divergent results suggest that the effects of HVPT on
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generalization and retention warrant further reexamination with consistent operational definitions and outcome
domains.

HVPT studies have consistently regarded variability across multiple talkers as a central component of the
training paradigm (Logan et al. 1991, Uchihara et al. 2025, Wong 2014), as it leverages the variability in speech
from different talkers to enhance learners’ ability to generalize and adapt to new speech sounds (Barriuso and
Hayes-Harb 2018, Thomson 2018). However, there is a lack of concrete empirical data to determine how many
are truly required. In a recent meta-analysis, Uchihara et al. (2024) reported that the number of talkers—ranging
from 3 to 30, with most studies using between 3 and 6—did not significantly predict learning outcomes. This
suggests that increasing or decreasing talker variability within that range has little impact on the transfer of HVPT
effects to production. In contrast, Mahdi and Mohsen (2024) found that studies involving five to eight talkers
yielded a larger effect size (g = 0.77) than those with only two to four talkers (g = 0.55). This suggests a potential
threshold effect, whereby moderate talker variability (e.g., five to eight talkers) may yield greater learning gains
than lower levels of variability.

Although both Forced Choice Identification (FCID) and AXB discrimination tasks are commonly employed to
train and assess speech perception in HVPT, they differ in the cognitive processes underlying speech perception
that they tap into (Flege 1995b, Thomson 2022b). Wayland (2007) found that performance on FCID tasks does not
align well with results from AXB discrimination formats. It suggests that these tasks differ in terms of cognitive
or perceptual demands. This distinction is further supported by Iverson et al. (2012), who examined how HVPT
affected French learners of English with different levels of L2 experience. While both experienced and
inexperienced learners improved significantly on vowel identification tasks, their gains in category discrimination
were minimal, and, critically, the two measures were uncorrelated. In this respect, it has been suggested that
identification tasks facilitate abstract phonological categorization, while discrimination tasks rely more directly on
acoustic sensitivity and reflect relatively surface-level processing (Cebrian et al. 2024, Iverson et al. 2012,
Shinohara and Iverson 2018, Wayland 2007). Given these differences, Thomson (2022b) argues that FCID tasks
may better reflect real-world listening conditions, where listeners typically identify rather than explicitly compare
speech sounds.

In light of these considerations, this study investigates the following two research questions by means of a meta-
analytic approach:

(1) What is the overall immediate effect of HVPT on EFL learners’ English speech perception, and to what
extent are these effects retained at delayed posttests?

(2) Which specific learner-, training-, and testing-related variables most strongly moderate the effectiveness of
HVPT in EFL contexts?

3. Method

3.1 Search Strategy and Data Sources

To examine the effects of HVPT on the perception of L2 learners in EFL contexts, relevant literature was
systematically retrieved using the Scopus database and Google Scholar via the Publish or Perish software (Harzing
2007). Scopus was selected for its comprehensive indexing of peer-reviewed journal articles, while Google Scholar
was used to broaden the scope to include gray literature such as unpublished doctoral dissertations. The primary
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keywords for search were “high variability phonetic training.” To minimize the risk of omitting relevant studies,
synonymous terms were also employed, covering language context (e.g., “L2,” “second language”), training type

99 < EEINT3

(e.g., “phonetic training,” “auditory training,” “perceptual learning”), and variability (e.g., “stimulus variability,”
“talker variability”). In total, 13 keyword combinations were used (see Appendix A for the full list). The search
yielded 303 articles from Scopus and 3,600 from Google Scholar, resulting in 3,903 articles. After removing
duplicate articles which appeared in both databases redundantly, 1,141 articles remained for screening.

In addition to database searches, 141 studies included in four recent meta-analyses—Zhang et al. (2021; n = 14),
Mahdi and Mohsen (2024; n = 17), Uchihara et al. (2021; n = 79), and Uchihara et al. (2024; n = 31)—were
manually cross-checked and added to the initial study pool to ensure comprehensive coverage of potentially
relevant literature. Although Mahdi and Mohsen (2024) originally reported that 18 studies were included in their
meta-analysis, two issues were identified. First, only 17 references were listed in their reference section. The
missing study was traced and included by backtracking from Figure 3 in their article. Second, one of the listed
studies was itself another meta-analysis and therefore excluded from the current screening. Consequently, a total

of 17 studies from Mahdi and Mohsen (2024) were included in the screening process.

3.2 Study Selection Process Following PRISMA Guideline

Following the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement (Page
et al. 2021), the first and second authors each screened half of the 1,141 articles from Publish or Perish
independently. During the initial screening phase, 565 records were excluded after reviewing titles and abstracts.
These included studies on pathology, neuroscience, and sound perception without any intervention, as well as
studies published before 1991, the year of the seminal HVPT study (Logan et al. 1991). Among the remaining 576
records, 19 could not be retrieved in full-text form. Subsequently, the remaining 557 reports for Publish or Perish
were evaluated for eligibility. In addition, the 141 studies from four previous meta-analyses were screened. Among
these, 47 duplicates—either internal to the meta-analyses or overlapping with the Publish or Perish results—were
excluded. This left 94 additional studies to be screened. In total, 651 studies were included in the screening process.
During this process, studies that met the following exclusion criteria were removed:

(1) studies that are not focusing on an EFL context;

(2) studies lacking sufficient descriptive statistics to calculate overall effect sizes (e.g., means, standard
deviations, or the number of participants);

(3) studies employing a within-group design without a control group;

(4) studies that did not include any perceptual outcome measures (e.g., those focusing exclusively on
production);

(5) book chapters without empirical data;

(6) additional duplicates overlooked during the initial screening process;

(7) theses (master’s or undergraduate), poster presentations not included in peer reviewed proceedings;
and

(8) review articles and other meta-analyses.

The authors cross-checked each other’s screened sets to verify inclusion decisions and resolve any discrepancies.
After screening, studies were included if they met all the following criteria:

© 2025 KASELL All rights reserved 1422



Choe et al. The Efficacy of High Variability Phonetic Training for L2 Speech
Perception in EFL Contexts: A Meta-Analytic Approach

(1) English as the target language in an EFL context;

(2) the study reported perception learning outcomes;

(3) means and standard deviations for both experimental and control groups were reported;

(4) the comparability of experimental and control groups before treatment was ensured through random
assignment or statistical analysis; and

(5) perceptual training stimuli is recorded by multiple human speakers.

atats

Identification of new studies via and regi

Previous studies

S Records identified from:
§ Studies included in previous version of Databases (n = 3,903): Records removed before screening:
-'§ review (n = 141) Scopus (n = 303) Duplicate records (n = 2,762)
ﬁ Google Scholar (n = 3,600)
Records screened Records excluded
(n=1,141) (n = 565)
Reports sought for retrieval Reports not retrieved
(n=576) (n=19)
2
§ Reports excluded:
3 Not EFL (n = 271)
No M. or SD. (n = 62)
No control (n = 27)
Reports assessed for eligibility No perceptual outcome (n = 38)
(n=557) Book chapter w/o experiements (n = 70)
Duplicate (n = 43)
Master_Bacheolar_Poster (n = 16)
Other meta-analyses or reviews (n = 16)
Synthetic training stimuli only (n = 1)
New studies included in review
(n=13)
] '
3
2
- Total studies included in review
(n=15)
: Reports of total included studies
(n = NA)

Figure 1. PRISMA Flowchart of the Study Selection Process

Consequently, a total of 15 studies met the exclusion and inclusion criteria and were retained for analysis. The
15 studies included in the analysis are presented in Appendix B. Of these, 13 were identified through Publish or
Perish searches (N = 557). An additional two studies were retrieved from manual searches of four recent meta-
analyses (N = 94) and are marked with a single asterisk (*). The studies retrieved through Publish or Perish were
excluded for the following reasons: not conducted in an EFL context (n = 271), lack of necessary statistical
parameters (n = 62), absence of a control group (n = 27), no perceptual outcome reported (n = 38), book chapters
without experimental data (n = 70), duplicate studies that were missing during the initial duplicate screening (n =
43), theses that were not doctoral-level or poster presentations not included in peer-reviewed proceedings (n = 16),
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meta-analyses or review papers (n = 16), and studies using only synthetic training stimuli (» = 1). The study
selection process is illustrated in the PRISMA 2020 flowchart in Figure 1, generated using the PRISMA2020 R
package and Shiny App (Haddaway et al. 2022). As the flowchart cannot fully illustrate the screening process of
Previous studies, a brief explanation is provided here. Of the 94 studies retained after removing duplicates from
four earlier meta-analyses, 52 were excluded for not focusing on an EFL context, 20 for missing statistical
parameters, 14 for failing to include a control group, 5 for not reporting a perceptual outcome, and 1 for using no
human-voice-based training. In total, 176 effect sizes (145 from immediate posttests and the remainder from
delayed posttests) drawn from 15 independent studies were synthesized.

3.3 Data Extraction and Coding Procedures

To examine the factors that may moderate the effectiveness of HVPT on L2 speech perception, a range of
potential moderator variables were identified and coded, as shown in Table 1. First, posttest results and delayed
posttest results (after one month and after two months) were compared to assess the overall persistence of training
effects over time. Subsequently, various moderators influencing posttest outcomes were examined further. These
moderators were classified into three main categories: learner-related, training-related, and testing-related
variables. For learner-related factors, we focused on age group (children, adolescents, or adults) and proficiency
level (pre-intermediate, intermediate, upper-intermediate, or advanced). Training-related variables included the
type of training task (identification, discrimination, or both), the type of stimuli used (word, nonword, or both),
the number of talkers involved in the training (< 5, 5 <x <9, or 10 <), the duration of the training program (in
weeks) and length of each session (in minutes), the number of training sessions (< 5, 5 <x <9, or 10 <), and
training modality (perception only; perception and visual; perception and production; or perception, visual and
production). For testing-related factors, we examined the task type (identification or discrimination), the word type
(word or nonword), and the transfer, specifically whether the results reflected generalization or retention, based
on performance with different types of training stimuli. In studies that reported separate outcomes for different
target sound contrast, the data were coded for each sound pair or set. To differentiate these within-study outcomes,
lowercase labels were used to identify these outcomes within the same study.

To facilitate consistent data coding, several secondary decisions were made during the coding process. First, as
defined by the World Health Organization (n.d.), adolescence refers to the age range between 10 and 19 years in
this study. Second, if information on training duration or length of each session was presented as a range rather
than a specific value, the mean of the range was calculated and used in the coding. Third, studies that did not report
values for a given moderator variable were left blank and excluded from the corresponding subgroup analysis. The
selected studies were evenly divided between the first and second authors, who independently coded their assigned
subsets using a shared Excel file on Google Drive. After completing the initial coding, the first author verified all
coded data across three separate rounds, spaced one to two weeks apart, following the initial coding phase to
enhance consistency and minimize potential errors.
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Table 1. Coding Scheme for Extracted Variables

Variables

Value

Study Author(Year)

Measurement time

Learner Age
Proficiency level

Training Task type
Word type
The number of stimulus talkers
Total duration (weeks)
Duration per session (minutes)
The number of training sessions

Training modality

Testing Task type
Word type

Transfer effects of training words

Lowercase labels were used to categorize distinct outcomes reported in the same study.

(e.g., Rato(2014)a)

Posttest Delayed Posttest (1mth)

Children Adolescents
Pre-Intermediate Intermediate
Identification Discrimination
Word Nonword Both
<5 5<x<9 10<
<5 5<

<30 30<

<5 5<x<9 10<

Perception only
Perception and Production

Identification Discrimination
Word Nonword

Word training_Generalization
Nonword training_Generalization

Delayed Posttest (2mths)
Adults

High-Intermediate Advanced

Both

Perception and Visual
Perception and Visual and Production

Word training_Retention
Nonword training_Retention
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3.4 Effect Size Calculation and Interpretation

Fifteen studies that included both control and experimental groups and reported means, standard deviations, and
sample sizes were included in the analysis. The inclusion of a control group in intervention studies is essential for
establishing whether the observed effects can be attributed to the instructional treatment (Thomson and Derwing
2015). Moreover, since perceptual outcomes were assessed using continuous measures on varying scales across
studies, the standardized mean difference (SMD) was computed using Hedges’ g to ensure comparability across
studies (Beheshti et al. 2020). Hedges’ g is a widely used SMD metric that adjusts for small sample bias, providing
a more accurate estimate than Cohen’s d (Cohen 1988), especially in studies with limited participant numbers
(Borenstein et al. 2009, Hedges and Olkin 1985). The interpretation of effect sizes followed the L2 field-specific
thresholds suggested by Plonsky and Oswald (2014). They suggested the magnitude of effect sizes around 0.4 is
thought small, 0.7 medium, and 1.0 large for between group contrasts (Plonsky and Oswald 2014). All statistical
analyses were carried out using Meta-Mar v4.0.2 (Beheshti et al. 2020), a free Al-integrated web-based platform
for meta-analysis. Effect sizes were synthesized with the mefacont model, which is designed for continuous
outcome data (Beheshti et al. 2020). Between-study heterogeneity was estimated with the restricted maximum-
likelihood (REML) method (Viechtbauer 2005) and the Hartung-Knapp adjustment was applied to calculate robust
confidence intervals for the random-effects model (Jackson et al. 2017, Sanchez-Meca and Marin-Martinez 2008).
Prediction intervals were derived using a z-distribution. The prediction intervals were reported to complement
confidence intervals as “[t]he confidence interval quantifies the accuracy of the mean while the prediction interval
addresses the actual dispersion of effect sizes, and the two measure are not interchangeable” (Borenstein et al.
2009, p.131). Finally, all effect sizes were pooled using inverse-variance weighting to ensure appropriate weighting
across studies.

4. Results

4.1 Publication Bias Analysis

A funnel plot was constructed for the posttest only to examine potential asymmetry in the distribution of effect
sizes, as represented in Figure 2. Due to the small number of studies included in the delayed posttests (two or three
studies), they were excluded from the publication bias analysis (Harrer et al. 2021). The funnel plot was generated
using the meta package (Schwarzer et al. 2024) in R (R Core Team 2024). Publication bias was also assessed using
multiple statistical methods, in line with the recommendation by Harrer et al. (2021) to combine approaches for
more robust inference. It includes Egger’s test, Thompson-Sharp test, trim-and-fill analysis, Begg’s test, and three
variants of the fail-safe N method.

Visual inspection of the contour-enhanced funnel plot showed slight asymmetry, particularly in the lower-right
region where smaller studies with relatively large effect sizes clustered within the statistically significant range (p
< .01). This pattern may indicate potential publication bias, as there was a noticeable absence of studies in the
corresponding lower-left region that would reflect non-significant or negative results (Harrer et al. 2021).
Complementing this visual assessment, Egger’s regression test, however, indicated no evidence of funnel plot
asymmetry (#143) =0.04, p =.97), and the Thompson-Sharp test likewise produced a non-significant result (#(143)
=-0.11, p = .92), which suggests that there are no small-study effects based on regression diagnostics. Conversely,
Begg’s rank correlation test reached statistical significance (z = 1.98, p = .048). The trim-and-fill method also
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estimated 13 potentially missing studies, and the adjusted mean effect size decreased from 0.62 to 0.53 (4 =-0.07,
~ —14% relative to the original), suggesting a modest publication bias favoring larger effects.
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Figure 2. Contour-Enhanced Funnel Plot of Effect Sizes (posttest only)

Note. The contour-enhanced funnel plot illustrates that most studies cluster symmetrically around the overall mean, suggesting
that the results are unlikely to be substantially affected by publication bias, despite minor asymmetry among smaller studies.
The shaded areas correspond to levels of statistical significance (p <.1, .05, .01).

To further assess the robustness of the observed findings, three fail-safe N methods were conducted. Rosenthal’s
method estimated that 8,822 unpublished null-effect studies would be needed to render the overall result non-
significant, which far exceeds the robustness threshold of 735 (i.e., 5k + 10, where k£ = 145). According to Orwin’s
fail-safe N method, 145 additional null-effect studies would be needed to reduce the mean effect size from 0.62 to
a trivial level of 0.31—still a sizable number given the assumption of zero effect. Rosenberg’s fail-safe N, which
incorporates both statistical significance and effect magnitude, yielded an estimate of 6,217, further reinforcing
the conclusion that the meta-analytic result of this study is stable.

Taken together, while the results from Begg’s rank correlation test and the trim-and-fill method suggest the
possibility of publication bias, the high fail-safe N estimates across all three approaches support the robustness of
the observed effect, even under conservative assumptions.

4.2 Meta-Analytic Results: Overall and Moderator Effects

The present meta-analysis synthesized data from 15 studies investigating the effectiveness of HVPT on L2
speech perception in EFL contexts. Of the 15 studies, four were doctoral dissertations, three were book chapters,
seven were journal articles, and one was a poster presentation published in peer-reviewed conference proceeding.
The calculated effect sizes are summarized in Table 2. In this study, only the results from the random-effects model
are reported as confidence intervals derived from fixed-effects models are often too narrow when heterogeneity
exists (z7=0.19 [0.15; 0.30], = 61.3% [54.5%; 67.1%]), leading to undercoverage of the true effect size (Sanchez-
Meca and Marin-Martinez 2008). Forest plots illustrating the results by study outcomes are provided in Appendix
C (generated with Meta-Analysis Online; Fekete and Gyorffy 2025, https://metaanalysisonline.com/), and forest
plots of HVPT effects by moderating variables are presented in Appendix D (produced in R; R Core Team 2024).
Four moderator sublevels—children (age group; Shum et al. 2021a/b/c/d), intermediate (proficiency level; Li
2015a/b), both (training stimuli word type; Li 2015a/b), and perception and production (training modality;
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Lacabex and Gallardo del Puerto 2014c/d)—were excluded from the analysis as each was represented by a single
study.

Effect sizes were examined across three measurement time points: immediate posttest, 1-month delayed posttest,
and 2-month delayed posttest. The pooled effect size was small (g = 0.59, 95% CI [0.51; 0.68]). For the posttest
only, the effect size was slightly higher than the overall effect size, but still small-to-medium (g = 0.62, 95% CI
[0.53; 0.71]) with moderate heterogeneity (z? = 0.18). For the one-month delayed posttest, based on two studies (k
= 2), the effect size decreased to small magnitude (g = 0.44, 95% CI [0.23; 0.64]), with low heterogeneity (72 <
0.001). The effect size at the two-month delayed posttest (k = 3) was small (g = 0.37, 95% CI [0.02; 0.72]) with
substantial heterogeneity (z? = 0.42). The results indicate that while training yields clear immediate benefits, the
magnitude of these effects tends to decline slightly after a month. The prediction interval indicates that the true
effect in future comparable studies may vary substantially as it includes the possibility of null or negative effects,
[-0.28; 1.47].

All subsequent subgroup analyses pertaining to learner, training, and testing factors were conducted using
posttest data only, with the exception of the transfer effect. First, regarding learner-related moderators, results by
age group revealed a stronger training effect for adolescents (g = 0.76 (medium to large), 95% CI [0.38; 1.17], 2
= 0.15) than adults (g = 0.63 (small to medium), 95% CI [0.54; 0.72], 7> = 0.43). Although adolescents appear to
benefit more than adults, the findings indicate that HVPT is generally effective for both age groups. The prediction
interval for the age subgroup ranges from —0.20 to 1.47, which suggests that the training effect may vary across
studies, with some showing little or no improvement. For proficiency level, effect sizes were the largest among
pre-intermediate learners (g = 0.99 (large), 95% CI [0.49; 1.48], 72 < 0.001), although this estimate was based on
a small number of studies (k = 2). This was followed by advanced learners (g = 0.75 (medium to large), 95% CI
[0.68; 0.83], 72 = 0.42) and upper-intermediate learners (g = 0.60 (small to medium), 95% CI [0.41; 0.80], 7% =
0.19). The results indicate that learners at all proficiency levels can benefit from HVPT, with particularly strong
effects observed among pre-intermediate learners. The prediction interval for the proficiency-level subgroup
(0.18-1.28) indicates that in future studies, the true effect of HVPT for learners at similar proficiency levels is
likely to be positive, since the interval stays entirely above zero.

Training-related moderators yielded the following patterns in effect size estimates. Regarding task type,
identification-only tasks yielded a notably larger effect (g = 0.62, 95% CI [0.52; 0.71], 7 = 0.17) than
discrimination-only tasks (g =0.33, 95% CI [0.10; 0.55], 2= 0.06). This clear difference underscores the stronger
contribution of identification training in HVPT. Moreover, training that involved both identification and
discrimination tasks showed the largest effect size (g = 0.96, 95% CI [0.65; 1.27], 2= 0.26). Although the three
combined-task training studies under analysis varied in total training duration (ranging from 3 to 12 hours), their
total exposure time fell within the overall range of included studies. Therefore, the large effect size appears to
reflect influences beyond mere differences in training duration. Overall, the results suggest that identification
training tend to be more effective than discrimination training in HVPT, and that combining both tasks yields the
greatest overall benefit. However, the prediction interval for the training task type subgroup ranged from —0.23 to
1.48, which includes zero, indicating the possibility of null or negative effects. With respect to word type, training
using real words yielded a medium effect (g = 0.69, 95% CI [0.60; 0.77], z2= 0.11), while nonword-based training
resulted in a small-to-medium effect (g = 0.50, 95% CI [0.29; 0.70], 72 = 0.20). This indicates that word-based
training stimuli may be more effective than nonword stimuli for EFL learners in HVPT. The prediction interval
for the training word type subgroup ranged from —0.08 to 1.38. The inclusion of zero in the interval suggests that
future studies could report outcomes anywhere from no observable effect to meaningful improvements.
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Table 2. Summary of Effect Sizes (Random-Effects Model)

SMD Prediction
Variables ks ko (Hedges’ g) 95% CI P Interval 72 o
MEASUREMENT TIME
OVERALL 15 176 0.59 [0.51; 0.68] <0.0001 [-0.28; 1.47] 0.19 4.13
Posttest 15 145 0.62 [0.53; 0.71] 0.18
Delayed Posttest (1mth) 2 12 0.44 [0.23; 0.64] <0.001
Delayed Posttest (2mths) 3 19 0.37 [0.02; 0.72] 0.42
LEARNER
Age OVERALL 14 141 0.64 [0.55; 0.73] <0.0001 [-0.20; 1.47] 0.17 0.52
Adolescents 4 15 0.76 [0.38; 1.17] 0.15
Adults 13 126 0.63 [0.54; 0.72] 0.43
Proficiency OVERALL 9 104 0.73 [0.65,0.81] <0.0001 [0.18; 1.28] 0.07 2.93
Pre-intermediate 2 8 0.99 [0.49, 1.48] <0.001
Upper-intermediate 4 34 0.60 [0.41; 0.80] 0.19
Advanced 3 62 0.75 [0.68; 0.83] 0.42
TRAINING
Task type OVERALL 15 145 0.62 [0.53;0.71] <0.0001 [-0.23; 1.48] 0.23 11.04 **
Identification 12 114 0.62 [0.52;0.71] 0.17
Discrimination 4 15 0.33 [0.10; 0.55] 0.06
Both 3 16 0.96 [0.65; 1.27] 0.26
Word type OVERALL 14 143 0.65 [0.57;0.73] <0.0001 [-0.08; 1.38] 0.13 2.88
Word 10 111 0.69 [0.60; 0.77] 0.11
Nonword 4 32 0.50 [0.29; 0.70] 0.20
Number of talkers OVERALL 15 145 0.62 [0.53; 0.71] <0.0001 [-0.23; 1.48] 0.18 17.25 ***
<35 10 63 0.40 [0.23; 0.57] 0.34
5<x<9 4 18 0.69 [0.42; 0.95] 0.17
10< 2 64 0.79 [0.71; 0.86] <0.001
Total Duration (week) OVERALL 12 123 0.68 [0.60; 0.76] <0.0001 [0.01; 1.35] 0.11 2.92
<35 6 90 0.73 [0.64; 0.81] 0.05
5< 6 33 0.51 [0.28; 0.74] 0.33
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Duration per Session (minute)

Number of sessions

Training modality

TESTING
Task type

Word type

Transfer effect

OVERALL

<30

30<

OVERALL

<5

5<x<9

10<

OVERALL
Perception only
Perception and Visual
Perception and Visual and Production

OVERALL
Identification
Discrimination
OVERALL

Word

Nonword

OVERALL
Word_Generalization
Word Retention
Nonword Generalization
Nonword Retention

14

15
11

[ L Y]

140
66
74
145
40
27
78
143
75
40
28

145
109
36
145
117
28
131
74
11
26
20

0.63
0.46
0.75
0.62
0.64
0.58
0.64
0.62
0.49
0.75
0.73

0.62
0.62
0.64
0.62
0.68
0.36
0.60
0.72
0.98
0.40
0.18

[0.53; 0.72]
[0.30; 0.62]
[0.65, 0.85]
[0.53;0.71]
[0.46; 0.83]
[0.28; 0.88]
[0.54; 0.73]
[0.53; 0.71]
[0.35; 0.63]
[0.58; 0.91]
[0.62; 0.85]
[0.53;0.71
[0.51;0.73
[0.49; 0.78
[0.47; 0.69
[0.59; 0.77]
[0.06; 0.65]
[0.51;0.70]
[0.62; 0.83]
[ ]
[

]
]
]
]

0.62; 1.33
0.19; 0.61]
[-0.03; 0.39]

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

[-0.25; 1.50]

[-0.23; 1.48]

[-0.22; 1.45]

[-0.23; 1.48]

[-0.37; 1.53]

[-0.22; 1.42]

0.19
0.30
0.55
0.18
0.20
0.48
0.10
0.18
0.24
0.18
0.01

0.18
0.22
0.10
0.18
0.11
0.42
0.17
0.12
0.13
0.16
0.07

9.49 **

0.14

8.58 **

0.05

4.65 *

28.62 ****

Notes. ks = number of studies; ko = number of observed outcomes across studies; Significance codes for p-values of O: * = p < .05; ** =p <.01; *** = p <.001; **** = p < .0001
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Analyses by number of talkers revealed that training with more than 10 talkers resulted in the medium
to large effect size (g = 0.79, 95% CI [0.71; 0.86], 72 < 0.001), followed by 6-9 talkers (g = 0.69, 95% CI
[0.42;0.95], 2= 0.17) and less than 5 talkers (g = 0.40, 95% CI [0.23; 0.57], z?= 0.34). The results indicate
that exposure to a greater number of speakers during training may lead to more effective L2 speech learning
for EFL learners. The prediction interval for the number of talkers subgroup ranged from —0.23 to 1.48,
suggesting considerable uncertainty, with potential outcomes ranging from negligible to substantial effects.
In terms of total training duration (in weeks), studies with shorter durations (< 5 weeks) yielded a stronger
effect (g = 0.73 (medium), 95% CI [0.64; 0.81], 72 = 0.05) compared to those with longer durations (5 <
weeks), which shows small to medium effect (g = 0.51, 95% CI [0.28; 0.74], v> = 0.33). The prediction
interval for training duration ranged from 0.01 to 1.35, indicating that future studies are likely to observe
positive effects. When training duration per session was examined, training sessions longer than 30 minutes
resulted in a medium-to-large effect (g =0.75, 95% CI [0.65; 0.85], 7?= 0.55), while shorter sessions (< 30
minutes) yielded a small to medium effect (g = 0.46, 95% CI [0.30, 0.62], 72 = 0.28). The results suggest
that providing EFL learners with longer exposure during each training session may lead to better learning
outcomes. The prediction interval [-0.25; 1.50] indicates a wide range of possible future study outcomes
depending on session duration, including null effects.

When examining the number of training sessions, all three subgroups exhibited comparable small-to-
medium effect sizes, with minor variations across session counts. The highest effects were observed in
studies with fewer than five sessions (g = 0.64, 95% CI [0.46; 0.83], 7= 0.20) and those with ten sessions
(g=0.64,95% CI[0.54, 0.73], z>= 0.10), whereas studies involving six to nine sessions showed a slightly
smaller effect (g = 0.58, 95% CI [0.28; 0.88], 7= 0.48). The prediction interval for the number of sessions
ranged from —0.23 to 1.48. Since the interval includes zero, future studies may yield mixed outcomes—
some showing limited effects, while others demonstrate substantial improvement. This finding suggests
that the number of training sessions alone provides limited insight into the effectiveness of HVPT. When
examined in conjunction with session length and total training duration, however, a more comprehensive
understanding of learning outcomes may emerge. With regard to training modality, perception only training
showed the smaller effect size (g = 0.49 (small to medium), 95% CI [0.35; 0.63], z?= 0.24) than perception
and visual training (g = 0.75 (medium to large), 95% CI [0.58; 0.91], 72 = 0.18) or perception with visual
and production training (g = 0.73 (medium), 95% CI [0.62; 0.85], 7> = 0.01). The results indicate that
perception-based tasks alone may not be sufficient for optimal L2 speech perception improvement. Rather,
the integration of additional modalities, visual or production components, appears to yield greater benefits.
The prediction interval (=0.22 to 1.45), which indicate that while training modality is generally effective (g
= 0.62), future studies may yield a wide range of outcomes—including null effects in some cases.

Testing-related moderators yielded the following patterns in effect size estimates. Notably, both
identification and discrimination tests yielded comparable small-to-medium effect sizes, with small to
medium effect for identification (g = 0.62, 95% CI [0.51; 0.73], z2= 0.22) and for discrimination (g = 0.64,
95% CI [0.49; 0.78], 7?2 = 0.10). The comparable observed effect sizes across identification and
discrimination testing tasks indicate that the choice of test task type may have minimal influence on the
overall effectiveness of HVPT. However, this apparent similarity should be interpreted with caution, as the
current analysis did not directly examine potential cross-task transfer effects, and the observed equivalence
may partly reflect offsetting task-specific influences. The prediction interval (—0.23 to 1.48) for test task
type suggests that some future studies may yield non-significant results. In terms of test word type, real-
word-based tests yielded a medium effect size (g = 0.68, 95% CI [0.59; 0.77], 2= 0.11), whereas nonword-
based tests produced a smaller effect (g = 0.36, 95% CI [0.06, 0.65], 72 = 0.42). The prediction interval for
test word type [-0.37; 1.53] includes zero, indicating that future studies may yield widely varying outcomes,
including null or even negative effects.

© 2025 KASELL All rights reserved 1431



Choe et al. The Efficacy of High Variability Phonetic Training for L2 Speech
Perception in EFL Contexts: A Meta-Analytic Approach

Lastly, the subgroup analysis of transfer type revealed that generalization following word-based training
yielded a medium effect (g = 0.72, 95% CI [0.62; 0.83], z2= 0.12), and retention following word training
showed a large effect (g = 0.98, 95% CI [0.62; 1.33], z2= 0.13). In contrast, generalization after nonword
training produced a smaller effect (g = 0.40, 95% CI [0.19; 0.61], z? = 0.16), and retention after nonword
training yielded a very small and statistically non-significant effect (g = 0.18, 95% CI [-0.03; 0.39], 7* =
0.07). These findings suggest that, for EFL learners, real-word training stimuli are more effective than
nonword stimuli in promoting generalization to unfamiliar talkers and novel lexical items as well as in
supporting the long-term retention of training effects. The prediction interval [-0.22; 1.42] for training word
type in transfer effects includes zero, suggesting that the observed transfer outcomes may be null in some
future studies.

5. Discussion and Conclusion

This meta-analysis synthesized data from 15 studies investigating the effectiveness of HVPT in EFL
contexts by addressing two questions: (1) the immediate and delayed effects of HVPT on English speech
perception among EFL learners, and (2) the extent to which learner-related, training-related, and testing-
related factors moderated its effectiveness. Overall, this study indicates that HVPT is moderately effective
for enhancing L2 speech perception in EFL contexts, although its long-term impact appears diminished.
This observed decline over time (retention effect) is consistent with Uchihara et al. (2024). The pattern
observed in this study may reflect natural attrition in newly acquired perceptual skills when they are not
continuously reinforced through practice and exposure. Moreover, the finding that the effect size remained
relatively stable between one and two months after training suggests that HVPT outcomes, while showing
an initial decline, may reach a point of relative stability thereafter, although additional evidence from
longer-term follow-up tests is needed.

With respect to learner-related factors, pre-intermediate learners showed the largest mean effects among
the proficiency levels examined, and adolescents (10-19 years) exhibited the greatest effects among the age
groups. This pattern suggests that HVPT tends to be more effective for learners with lower proficiency and
for younger participants. However, because this study did not include beginner-level learners or younger
children, it remains uncertain whether the younger-the-better effect extends to HVPT. Indeed, some studies
have reported that young children benefit more from low-variability rather than high-variability input
(Brekelmans et al. 2024, Giannakopoulou et al. 2017, Shinohara and Iverson 2021). Moreover, HVPT
produced approximately medium-sized effects for higher proficiency levels and adult learners, indicating
that the benefits are not confined to specific age subgroups. Overall, these findings suggest that HVPT
exerts positive effects across different age ranges (likely after approximately age 10) and proficiency levels,
consistent with previous research (Giannakopoulou et al. 2017, Hardison 2003).

As shown in previous research, stronger learning effects were observed in HVPT programs that
employed identification tasks rather than discrimination tasks alone (Cebrian et al. 2024, Iverson et al. 2012,
Shinohara and Iverson 2018, Thomson 2018, 2022b). Notably, the present study found the greatest benefits
when both task types were combined. This pattern suggests that identification and discrimination tasks
engage distinct perceptual mechanisms (Wayland 2007, Iverson et al. 2012) and yield complementary
benefits when integrated into training. With respect to testing-related factors, the type of test (identification
vs. discrimination) did not significantly influence EFL learners’ performance. Still, previous studies on
cross-task effects have indicated that specific training tasks can differentially affect performance across
different types of testing tasks (Cebrian et al. 2024, Iverson et al. 2012). Thus, the negligible effect of test-
task type observed here may be due to the present study’s focus on overall effect sizes across tasks rather
than the specific match or mismatch between training and testing task types.
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The results indicated that extended phonetic training sessions (35-120 minutes), delivered over a
condensed 3- to 5-week period, were particularly effective in promoting L2 speech perception gains. This
finding contrasts with Uchihara et al. (2024), who suggested that 20-30 minutes might be the optimal
duration for promoting L2 production development. One simple explanation is that whereas Uchihara et al.
(2024) examined production, we focused on perceptual outcomes. Another possible explanation for this
discrepancy is that over half of the participants in this study were at the upper-intermediate level or higher.
Their prior exposure likely stabilized L2 phonetic categories, which, in turn, allowed high-density input to
consolidate perceptual phonetic mappings over a short period, thereby addressing residual L2 speech
learning difficulties among advanced learners (Pennington 2021). While short-term, intensive HVPT can
produce moderate immediate L2 perception gains, evidence from our first research question also indicates
that these gains may diminish over time. In this respect, identifying the effective booster-session schedule
to sustain long-term L2 speech perceptual learning is crucial but remains under-specified. Moreover, it is
unclear whether such scheduling interacts with learners’ linguistic proficiency (Pennington 2021), a
question that warrants further systematic investigation.

Combining multiple phonetic training modalities—such as Perception and Visual or Perception and
Visual and Production—was associated with greater improvement. This finding underscores the
importance of multimodal input in HVPT and is consistent with previous research (Hardison 2003, 2005,
Hardison and Pennington 2021). Within this multimodal framework, the present results underscore the
distinct contribution of visual (facial) cues: the Perception and Visual condition yielded effect sizes
comparable to those of Perception and Visual and Production, suggesting no additional perceptual
advantage from including the production component in HVPT. Overall, this pattern aligns with broader
evidence that visible articulatory cues, such as lip gestures, facilitate perception and can also support
production through transfer (Hardison 2003, Hardison and Pennington 2021). As Hardison and Pennington
(2021, p. 70) note, “[w]ork on visible articulatory gestures can, therefore, be recommended as a way to
improve learners’ auditory perception of L2 sound contrast.”

Although the present study found that training effectiveness increased with the number of talkers
included in the input (ranging from 2 to 12), this contrasts with the recent meta-analysis by Uchihara et al.
(2025), which reported no statistically significant linear relationship between talker number and perceptual
gain across a broader range (2 to 30). This discrepancy can be interpreted in two ways. First, the maximum
number of talkers examined here was only twelve, and Uchihara et al. (2025) noted that effect sizes tend to
decline when more than ten talkers are included. Second, given that this study focuses on EFL contexts—
where opportunities for authentic interaction and overall exposure to the target language are limited—
increased talker variability may serve as a compensatory mechanism for such input scarcity.

The present study indicates that, within HVPT, word-based training stimuli were associated with larger
perceptual gains than nonword stimuli—both immediately and in terms of generalization to new talkers or
contexts and longer-term retention. This pattern contrasts with findings reported by Thomson and Derwing
(2016) and Ortega et al. (2021). The most plausible explanation is that these earlier studies assessed
production only, whereas the present study focused exclusively on perceptual outcomes. Moreover,
considering that Ortega et al.’s (2021) work was conducted with EFL learners, the findings from this study
indicate that perceptual ability—unlike production ability—can be more effectively enhanced through
word-based stimuli in HVPT. In other words, perception and production may be partially dissociable in
how they benefit from lexical context: lexical scaffolding may support perceptual encoding (Mora 2005,
Rato and Carlet 2020), whereas nonword training materials may better isolate articulatory targets in
production (Ortega et al. 2021).

The present study has several limitations that should be acknowledged. First, nearly one-third of the
parameters included in the analysis (30.68%, 54 out of 176) were derived from a single doctoral dissertation
(Aliaga-Garcia 2017). This study reported results of 11 individual vowels (/i;, 1, e, 3:, &, A, a;, 0, 93, U, u/)
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and employed both identification (ID) and articulation (ART) training across identification and
discrimination test types, which yielded a relatively large number of parameter estimates. Future meta-
analyses should reconsider treating each vowel’s results separately and instead explore alternative
approaches, such as grouping sounds into broader phonetic categories (e.g., front vowels, back vowels).

Second, although HVPT is ultimately intended to enhance L2 speech production, production outcomes
were not examined in the present study. This decision was primarily motivated by the unresolved nature of
the mechanisms linking perceptual training to production improvement (Levelt et al. 1999, Sebastian-
Gallés and Baus 2005) and by the assumption that it is more appropriate to interpret the effects of perceptual
training within the perceptual domain. Nevertheless, incorporating production measures in future meta-
analysis could provide greater opportunities for an in-depth exploration of the relationship between
perception and production, which is closely related to the theoretical underpinnings of HVPT.

Despite these limitations, the present study demonstrates that HVPT is effective in enhancing EFL
learners’ L2 speech perception and identifies key moderating variables with implications for L2 speech
learning in EFL environments.
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Study or Experimental Control Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random,95% CI IV, Random, 95% CI
subgroup = posttest
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Aliaga-Garcia (zr) 2017 99.48 29500 32 84.52 36.0800 20 0.6% 0.66[0.08; 1.23] —p—
Aliaga-Garcia (zs) 2017 96.35 7.0000 32 71.43 339300 20 0.6% 1.13[0.53; 1.74] ——
Aliaga-Garcia (zt) 2017 95.00 134400 32 75.71 352400 20 0.6% 0.79[0.21; 1.37] ——
Aliaga-Garcia (zu) 2017 96.35 8.1800 32 82.14 354800 20 0.7% 0.61[0.04; 1.19] +
Aliaga-Garcia (zv) 2017 9479 98700 32 72.62 349600 20 0.6% 0.95[0.36; 1.54] ——
Aliaga-Garcia (zw) 2017 62.50 24.0000 32 53.06 31.4100 20 0.7% 0.34[-0.22; 0.91] -+
Aliaga-Garcia (zx) 2017 7250 18.1400 32 4857 29.0500 20 0.6% 1.03[0.43; 1.62] i
Aliaga-Garcia (zy) 2017 81.25 17.8300 32 60.71 30.3900 20 0.6% 0.86[0.28; 1.45] —i—
Aliaga-Garcia (zz) 2017 90.62 13.3400 32 75.00 33.1700 20 0.6% 0.67[0.09; 1.24] ——
Aliaga-Garcia (zza) 2017 97.32 6.7300 32 76.53 339000 20 0.6% 0.95[0.36; 1.54] -
Aliaga-Garcia (zzb) 2017 96.87 7.8500 32 79.76 353100 20 0.6% 0.74[0.17; 1.32] e
Aliaga-Garcia & Mora (a) 2009 7357 96300 18 69.15 95600 11 05% 045[-0.31; 1.21] -1
Aliaga-Garcia & Mora (b) 2009 8490 11.1900 18 80.89 8.0600 11 0.5% 0.38[-0.37; 1.14] —_—
Alves & Luchini (a) 2017 98.96 11.8800 8 96.88 11.6200 8 04% 0.17[-0.81; 1.15] —
Alves & Luchini (b) 2017 100.00 12.0000 8 95.83 11.5000 8 04% 0.34[-0.65; 1.32]

Alves & Luchini (c) 2017 89.58 10.7500 8 71.88 8.6200 8 03% 1.72[0.52; 2.91] ——
Alves & Luchini (g) 2017 97.92 11.7500 8 96.88 11.6200 8 04% 0.08[-0.90; 1.06]

Alves & Luchini (h) 2017 97.92 11.7500 8 95.83 11.5000 8 04% 0.17[-0.81; 1.15]

Alves & Luchini (i) 2017 94.79 11.3800 8 71.88 8.6200 8 03% 2.15[0.85; 3.44] —_—
Carlet & Cebrian (a) 2022 62.80 9.4000 12 61.90 11.1000 9 05% 0.09[-0.78; 0.95]

Carlet & Cebrian (b) 2022 79.70 9.3000 17 61.90 11.1000 9 04% 1.73[0.78; 2.69] ——
Carlet & Cebrian (c) 2022 64.00 9.3000 13 61.90 11.1000 9 05% 0.20[-0.65; 1.05]

Carlet & Cebrian (d) 2022 57.30 10.6000 12 61.90 11.1000 9 05% -0.41[-1.28; 047]

Carlet & Cebrian (e) 2022 7430 11.7000 12 82.60 14.7000 9 05% -0.61[-1.50; 0.28]

Carlet & Cebrian (f) 2022 75.40 122000 17 82.60 14.7000 9 05% -0.53[-1.36; 0.29]

Carlet & Cebrian (g) 2022 84.60 9.3000 13 82.60 14.7000 9 05% 0.16[-0.69; 1.02]

Carlet & Cebrian (h) 2022 8840 6.8000 12 82.60 14.7000 9 05% 0.51[-0.37; 1.39]

Carlet & Cebrian (i) 2022 71.70 6.6000 12 7150 6.4000 9 05% 0.03[-0.83; 0.89]

Carlet & Cebrian (j) 2022 70.60 9.0000 17 71.50 6.4000 9 05% -0.11[-0.91; 0.70]

Carlet & Cebrian (k) 2022 7560 6.3000 13 71.50 6.4000 9 05% 0.62[-0.25; 1.50]

Carlet & Cebrian (1) 2022 7520 6.0000 12 71.50 6.4000 9 05% 0.58[-0.31; 1.46]
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Study or Experimental Control Std. Mean Difference Std. Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random,95% CI IV, Random, 95% CI
Carlet & Cebrian (a) 2019 79.10 13.3000 20 57.80 102000 16 0.5% 1.73[0.95; 2.51]
Carlet & Cebrian (b) 2019 65.30 9.7000 18 57.80 102000 16 0.6% 0.74[0.04; 1.44)
Carlet & Cebrian (c) 2019 80.40 9.8000 20 68.40 124000 16 06% 1.06[0.36; 1.77]
Carlet & Cebrian (d) 2019 75.90 8.3000 18 68.40 124000 16 06% 0.70[0.01; 1.40]
Carlet & Cebrian (e) 2019 88.50 9.5000 20 79.50 10.3000 16 0.6% 0.89[0.20; 1.58]
Carlet & Cebrian (f) 2019 79.70 11.1000 18 79.50 10.3000 16 0.6% 0.02[-0.66; 0.69]
Carletetal. (a) 2022 65.30 9.7000 20 57.80 102000 20 0.6% 0.74[0.10; 1.38]
Carletetal. (b) 2022 79.70 11.1000 20 79.50 10.3000 20 0.6% 0.02[-0.60; 0.64]
Carletetal. (c) 2022 79.10 13.3000 20 57.80 102000 20 0.5% 1.76[1.02; 2.50]
Carletetal. (d) 2022 88.50 9.5000 20 79.50 10.3000 20 0.6% 0.89[0.24; 1.54]
Carletetal. (e) 2022 59.00 15.0000 15 57.50 13.0000 15 0.6% 0.10[-0.61; 0.82]
Carletetal. (f) 2022 65.10 16.0000 15 66.50 12.0000 15 0.6% -0.10[-0.81; 0.62]
Carletetal. (g) 2022 69.90 9.0000 15 57.50 13.0000 15 05% 1.08[0.31; 1.85]
Carletetal. (h) 2022 78.30 11.0000 15 66.50 120000 15 05% 1.00[0.23; 1.76)
Fouz-Gonzélez & Mompean (a) 2021 140.80 28.2000 24 130.10 3.2100 22 0.6% 0.51[-0.08; 1.10]
Fouz-Gonzélez & Mompean (b) 2021 140.30 27.6000 24 132.60 19.8000 22 0.6% 0.31[-0.27; 0.90]
Fouz-Gonzélez & Mompean (c) 2021 63.80 15.3000 24 60.40 11.7000 22 0.6% 0.24[-0.34; 0.82]
Fouz-Gonzélez & Mompean (d) 2021 146.60 18.5000 24 130.10 3.2100 22 0.6% 1.20[0.56; 1.83]
Fouz-Gonzélez & Mompean (e) 2021 140.50 20.4000 24 132.60 19.8000 22 0.6% 0.39[-0.20; 0.97]
Fouz-Gonzélez & Mompean (f) 2021 62.10 11.7000 25 60.40 11.7000 22 0.7% 0.14[-0.43; 0.72]
Georgiou (a) 2022 71.00 11.3000 21 56.00 11.1000 16 0.6% 1.31[0.59; 2.03]
Georgiou (b) 2022 64.00 143000 22 55.00 16.0000 19 0.6% 0.58[-0.04; 1.21]
Huang (a) 2013 67.93 155800 24 50.60 112400 24 06% 1.25[0.63; 1.88]
Huang (b) 2013 64.11 132400 23 50.60 112400 24 0.6% 1.08[0.47; 1.70]
Huang (c) 2013 7111 129700 24 61.62 153900 24 06% 0.66[0.07; 1.24]
Huang (d) 2013 68.72 115300 23 61.62 153900 24 0.6% 0.51[-0.07; 1.09]
Lacabex & Gallardo (a) 2014 80.79 12.6000 25 77.07 13.8000 25 0.7% 0.28[-0.28; 0.83]
Lacabex & Gallardo (b) 2014 66.39 20.9000 25 22.62 16.7000 25 0.6% 2.28[1.55; 3.00]
Lacabex & Gallardo (c) 2014 79.82 92000 25 77.07 13.8000 25 0.7% 0.23[-0.33; 0.79]
Lacabex & Gallardo (d) 2014 59.30 23.5000 25 2262 16.7000 25 0.6% 1.77[1.11; 243]
Lambacher et al. (a) 2005 68.40 31.9000 34 56.50 354000 20 0.7% 0.35[-0.20; 0.91]
Lambacher et al. (b) 2005 59.20 326000 34 46.80 332000 20 0.7% 0.37[-0.18; 0.93]
Lambacher et al. (c) 2005 66.50 35.1000 34 47.10 39.1000 20 0.7% 0.52[-0.04; 1.08]
Lambacher et al. (d) 2005 70.80 29.9000 34 46.70 347000 20 0.7% 0.75[0.18; 1.32)
Lambacher et al. (e) 2005 85.60 25.8000 34 57.90 35.7000 20 0.6% 0.92[0.34; 1.50]
Li(a) 2015 3.09 09300 27 343 04400 20 06% -0.44[-1.02; 0.15]
Li (b) 2015 263 05900 27 346 02300 20 06% -1.73[-2.41;-1.04]
Rato (a) 2014 81.44 86700 22 71.81 104500 12 05% 1.01[0.26; 1.76)
Rato (b) 2014 83.71 13.6800 22 69.17 16.1500 12 0.5% 0.97[0.23; 1.72]
Rato (c) 2014 7742 124800 22 59.58 235600 12 05% 1.02[0.27; 1.77]
Rato (d) 2014 85.76 5.0100 22 80.56 92200 12 05% 0.75[0.02; 1.48]
Rato (e) 2014 83.12 7.0000 22 7347 127800 12 05% 1.00[0.26; 1.75)
Rato (f) 2014 90.28 6.7900 22 7245 125000 12 05% 1.90[1.05; 2.75]
Rato (g) 2014 89.27 82800 22 6806 16.3500 12 05% 1.77[0.94; 2.60]
Rato (h) 2014 67.42 16.8900 22 57.17 20.3600 12 0.6% 0.55[-0.17; 1.27]
Rato (i) 2014 75.63 11.8100 22 66.90 159600 12 0.6% 0.64[-0.08; 1.36]
Rato (j) 2014 70.08 151200 22 5856 164300 12 0.5% 0.72[-0.00; 1.45]
Shum et al. (a) 2021 65.60 7.6000 29 63.80 35000 32 0.7% 0.31[-0.20; 0.81]
Shum et al. (b) 2021 86.30 12.6000 29 91.80 89000 32 0.7% -0.50[-1.01; 0.01]
Shum et al. (c) 2021 5470 7.1000 29 53.70 46000 32 0.7% 0.17[-0.34; 0.67]
Shum et al. (d) 2021 66.10 10.6000 29 59.90 6.0000 32 0.7% 0.72[0.20; 1.24]
Shum et al. (e) 2021 66.30 6.9000 23 6280 4.8000 15 0.6% 0.56[-0.11; 1.22]
Shum et al. (f) 2021 90.30 12.9000 23 90.40 127000 15 0.6% -0.01[-0.66; 0.64]
Shum etal. (g) 2021 57.30 7.3000 23 5520 4.1000 15 0.6% 0.33[-0.33; 0.98]
Shum et al. (h) 2021 63.30 9.0000 23 56.70 7.7000 15 0.6% 0.76[0.08; 1.43]
Shum et al. (i) 2021 86.10 7.3000 18 76.30 6.3000 18 05% 1.41[0.67; 2.14)
Shum et al. (j) 2021 99.30 24000 18 97.20 87000 18 0.6% 0.32[-0.34; 0.98]
Shum etal. (k) 2021 75.80 109000 18 65.20 7.6000 18 06% 1.10[0.40; 1.81]
Shum etal. (1) 2021 89.70 9.2000 18 77.00 10.0000 18 05% 1.29[057; 2.02)
Ueda & Hashimoto (a) 2019 13.38 16100 13 1285 19900 13 05% 0.28[-0.49; 1.06]
Ueda & Hashimoto (b) 2019 885 24800 13 969 27800 13 05% -0.31[-1.08; 0.47]
Ueda & Hashimoto (c) 2019 1392 13200 13 1292 1.8900 13 05% 0.59[-0.19; 1.38]
Ueda & Hashimoto (d) 2019 10.00 28800 13 9.23 14800 13 05% 0.33[-0.45; 1.10]
Ueda & Hashimoto (e) 2019 869 29700 13 10.15 29000 13 05% -0.48[-1.26; 0.30]
Ueda & Hashimoto (f) 2019 1438 1.0800 13 1269 18100 13 05% 1.10[0.26; 1.93]
Ueda & Hashimoto (g) 2019 262 24500 13 292 07300 13 0.5% -0.16[-0.93; 0.61]
Ueda & Hashimoto (h) 2019 192 11400 13 238 10800 13 05% -0.40[-1.18; 0.38)
Ueda & Hashimoto (i) 2019 354 06300 13 323 05800 13 0.5% 0.50[-0.29; 1.28]
Ueda & Hashimoto (j) 2019 246 06300 13 292 07300 13 0.5% -0.65[-1.45; 0.14]
Ueda & Hashimoto (k) 2019 2.00 1.1800 13 3.00 1.0400 13 05% -0.87[-1.68;-0.06]
Ueda & Hashimoto (1) 2019 3.15 0.6600 13 3.38 06200 13 05% -0.35[-1.12; 0.43]
Total (95% CI) 3490 2533 84.9% 0.62[0.53; 0.72]
Heterogeneity: Tau? = 0.1837; Chi? = 374.63, df = 144 (P < 0.0001); I = 61.6%
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Control

SD Total Weight

Std. Mean Difference

IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

subgroup = delayed posttest (1mth)

Alves & Luchini (d) 2017 97.92 11.7500 8 97.92 11.7500 8 04% 0.00[-0.98; 0.98]
Alves & Luchini (e) 2017 98.96 11.8800 8 93.75 11.2500 8 04% 0.43[-057; 1.42]
Alves & Luchini (f) 2017 89.58 10.7500 8 69.79 8.3800 8 03% 1.94[0.70; 3.19]
Alves & Luchini (j) 2017 100.00 12.0000 8 97.92 11.7500 8 04% 0.17[-0.82; 1.15]
Alves & Luchini (k) 2017 96.88 11.6200 8 93.75 11.2500 8 04% 0.26[-0.73; 1.24] —i—
Alves & Luchini (1) 2017 87.50 10.5000 8 69.79 8.3800 8 03% 1.76[0.56; 2.97] —
Fouz-Gonzélez & Mompean (g) 2021 143.80 28.9000 25 133.00 246000 22 0.6% 0.39[-0.19; 0.97] i
Fouz-Gonzélez & Mompean (h) 2021 141.00 28.9000 25 133.00 21.8000 22 0.6% 0.30[-0.27; 0.88] i
Fouz-Gonzélez & Mompean (i) 2021 64.60 14.3000 25 60.00 14.7000 22 0.6% 0.31[-0.26; 0.89] R
Fouz-Gonzélez & Mompean (j) 2021 147.20 20.2000 25 133.00 246000 22 0.6% 0.62[0.04; 1.21] —=—
Fouz-Gonzélez & Mompean (k) 2021 141.20 19.4000 25 133.00 21.8000 22 0.6% 0.39[-0.19; 0.97] T+
Fouz-Gonzélez & Mompean (1) 2021  63.70 12.0000 24 60.00 147000 22 0.6% 0.27[-0.31; 0.85] ——
Total (95% Cl) 197 180 6.1% 0.44[0.19; 0.68] <
Heterogeneity: Tau® = < 0.0001; Chi’ = 12.58, df = 11 (P =0.3218); I* = 12.5%
subgroup = delayed posttest (2mths)
Carlet & Cebrian (m) 2022 60.40 82000 12 70.00 14.0000 9 04% -0.84[-1.74; 0.07] —
Carlet & Cebrian (n) 2022 80.10 8.3000 17 70.00 14.0000 9 05% 0.93[0.07; 1.78] ——
Carlet & Cebrian (0) 2022 65.20 17.5000 13 70.00 14.0000 9 05% -0.29[-1.14; 0.57] —8—
Carlet & Cebrian (p) 2022 60.00 8.3000 12 70.00 14.0000 9 04% -0.87[-1.78; 0.04] ——
Carlet & Cebrian (q) 2022 76.70 10.5000 12 80.20 13.9000 9 05% -0.28[-1.15; 0.59] ——
Carlet & Cebrian (r) 2022 78.30 124000 17 80.20 13.9000 9 05% -0.14[-0.95; 0.67] —
Carlet & Cebrian (s) 2022 86.40 9.7000 13 80.20 13.9000 9 05% 0.52[-0.35; 1.38] 1|
Carlet & Cebrian (t) 2022 84.30 144000 12 80.20 13.9000 9 05% 0.28[-0.59; 1.15] —ri—
Carlet & Cebrian (u) 2022 70.80 6.9000 12 74.10 7.6000 9 05% -0.44[-1.32; 0.44] —
Carlet & Cebrian (v) 2022 7410 6.5000 17 74.10 7.6000 9 05% 0.00[-0.81; 0.81] =
Carlet & Cebrian (w) 2022 76.30 7.4000 13 74.10 7.6000 9 05% 0.28[-0.57; 1.14] —
Carlet & Cebrian (x) 2022 7520 7.5000 12 74.10 7.6000 9 05% 0.14[-0.73; 1.01] —
Carlet & Cebrian (g) 2019 80.10 8.3000 17 63.30 14.0000 9 04% 1.54[0.62; 247] ——
Carlet & Cebrian (h) 2019 60.40 82000 12 63.30 14.0000 9 05% -0.25[-1.12; 0.62] ——
Rato (k) 2014 83.77 9.1400 19 73.33 9.1300 11 05% 1.11[0.31; 1.91] ———
Rato (1) 2014 87.63 115100 19 66.82 19.1300 11 05% 1.38[0.55; 2.21] ——
Rato (m) 2014 84.12 10.0100 19 63.26 19.0500 11 05% 1.46[0.62; 2.30] ——
Rato (n) 2014 88.60 4.7600 19 81.21 9.2500 11 05% 1.07[0.27; 1.87) ——
Rato (0) 2014 8325 7.1900 19 71.21 116700 11 05% 1.29[0.47; 2.12] ——
Total (95% CI) 286 181 9.0% 0.37[-0.01; 0.75] b
Heterogeneity: Tau® = 0.4182; Chi® = 57.29, df = 18 (P < 0.0001); I = 68.6%
Total (95% CI) 3973 2894 100.0% 0.59[0.51; 0.68] +
Prediction interval [-0.28; 1.47] s
Heterogeneity: Tau® = 0.1945; Chi® = 452.12, df = 175 (P < 0.0001); I = 61.3% f T T T T 1
Test for overall effect: t,,5 = 13.37 (P < 0.0001) -3 -2 -1 0 1 2 3
Test for subgroup differences: Chi® =3.83,df =2 (P =0.1476)
Appendix D. Forest Plots of HVPT Effects by Moderating Variables
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Note. The gray-shaded area represents the overall prediction interval (PI).
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