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Abstract
Enhancing English phonological awareness is critical in promoting native English
speakers’ reading development. However, less attention has been paid to the role of pho-
nological awareness development for English language learners in a logographic context.
This meta-analysis aims to evaluate the effectiveness of training native Chinese speakers’
English phonological awareness and reading across age groups. Thirty-three articles,
including 37 independent samples, were identified as training studies that reported
English phonological awareness as an outcome measure, and 16 articles, including 17 inde-
pendent samples, featured training studies that reported reading as an outcome measure.
Results based on a random-effect model revealed the effect sizes for overall English phono-
logical awareness (including English syllable awareness, phoneme awareness, and rhyme
awareness) and overall reading (including word reading and pseudoword reading) were
g = 0.651 (n = 3137) and g = 0.498 (n = 1506), respectively. Specifically, instructional
training exerted a small impact on word reading (g = 0.297), moderate effects on syllable
awareness (g = 0.468) and pseudoword reading (g = 0.586), a medium to large effect on
phoneme awareness (g = 0.736), and a large impact on rhyme awareness (g = 0.948).
The moderator analyses yielded several significant findings. Regarding the English phono-
logical awareness outcome, programs integrating lexical semantic knowledge exhibited the
largest trend in enhancing native Chinese speakers’ skills. Among all age groups, upper
elementary students benefited most from instructional training. Furthermore, more inten-
sive training had a greater impact than less intensive training. In terms of the reading out-
come, similar to English phonological awareness findings, upper elementary students
realized the greatest improvements. Additionally, unpublished articles indicated a larger
training effect on reading than published ones. These findings provide practitioners with
guidelines for delivering effective instruction to promote phonological awareness and read-
ing ability for English language learners in a logographic language context.

K E YWORD S
native Chinese speakers, phonics, phonological awareness, training, word reading

“Phonological awareness” refers to an individual’s ability to
perceive and manipulate the sound structure of a spoken word.
Research with native English speakers (NESs) indicates that
phonological awareness is the main factor associated with suc-
cessful reading performance, accounting for much of the
unique variance in reading accuracy (Jongejan et al., 2007;
Parrila et al., 2004). In addition, English phonological aware-
ness (EPA) can help English learners (either with an alphabetic

or logographic background) develop their letter knowledge,
word reading, spelling, and oral vocabulary ability (Guan
et al., 2006; Lin et al., 2017; Vadasy & Sanders, 2011). For
native Chinese speakers (NCSs), EPA has been found
to uniquely predict their real word reading ability after control-
ling for age, intelligence, cognitive ability, vocabulary, or
Chinese character identification (Chung & Lam, 2020; Guan
et al., 2006; B. L. Li et al., 2011).
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However, NCSs’ ability in EPA significantly lags behind
that of NESs (Bialystok et al., 2003; Pan & Gai, 2013; Yeong
et al., 2014). Pan and Gai (2013) revealed that NESs outper-
formed NCSs in all EPA subcomponents, including syllable
awareness, phoneme awareness, and onset-rime awareness, with
the performance of Chinese university students below that of
native English children in primary school. Since phonological
awareness plays a vital role in NCSs’ development of word read-
ing skills and NCSs’ EPA levels are relatively low, it appears
valuable to explore the impact of EPA training for NCSs.

TRAINING IN DEVELOPING ENGLISH
LANGUAGE LEARNERS’ PHONOLOGICAL
AWARENESS AND READING

There is still a relative paucity of research concerning phono-
logical awareness and reading training for English language
learners (ELLs). Huo and Wang (2017) reviewed 15 studies
investigating the effects of phonologically based instruction on
ELLs. They found moderate effect sizes for phonemic aware-
ness (d = 0.62) and non-word reading (d = 0.55) and a small
effect size for word reading (d = 0.33). It should be noted that
the studies reviewed were diverse, including data from various
locations, such as Hong Kong, Malaysia, India, and Japan. The
effect size of NCSs was not reported independently and was
instead included in the overall analysis. In addition, Murphy
Odo (2021) conducted a review of 45 studies on EPA and pho-
nics instruction for ELLs and found no significant differences in
word reading effects between ELLs with a logographic back-
ground (g = 0.43) and those with an alphabetic one
(g = 0.39). The effect size of pseudoword reading was larger for
ELLs with a logographic background (g = 0.82) than for those
with an alphabetic one (g = 0.52). These studies demonstrated
the efficacy of phonological training in enhancing the EPA and
reading skills of ELLs, but they only included studies with direct
or explicit training strategies. Also, no meta-analyses have yet
synthesized evidence concerning the effectiveness of NCSs’ EPA
and reading training. The present study aims to cover a broader
variety of research related to improving EPA and reading ability
for NCSs beyond direct training approaches. Such an analysis
will help us understand the nature of English phonologically
based training within a logographic language context and the rel-
ative distinctness and effectiveness of this training compared to
those in other native language contexts.

To comprehensively assess the training effects of NCSs’
EPA and reading ability, it is crucial to examine phoneme, syl-
lable, and rhyme awareness separately in addition to overall
EPA ability. Pan et al. (2019) conducted a meta-analysis to
investigate the relationship between EPA and reading success
(at the word, sentence, and text levels) for NCSs. They found
that English phoneme awareness was the most robust correlate
of individual differences in NCSs’ reading competence, fol-
lowed by English onset-rime awareness and syllable awareness.
What is more, Tao et al. (2007) reported that English onset-
rime awareness in NCS elementary students uniquely predicted
English word reading and pseudoword reading, while phoneme

awareness did not. Other research has shown that English pho-
neme awareness, syllable awareness, and rime awareness are sig-
nificant independent predictors for NCSs’ word reading
development (S. S. Yeung & Chan, 2013; S. S. Yeung &
Ganotice, 2014), suggesting their distinct roles in NCSs’ word
reading skills. Therefore, a thorough understanding of the
effects of training on NCSs’ EPA and reading ability necessi-
tates the evaluation of all aspects of EPA.

Additionally, it is essential to evaluate real word and pseu-
doword reading as separate outcome measures since they
require different cognitive processes and carry distinct instruc-
tional implications. Pseudowords lack meaning (Z. Zhang &
Peng, 2022), and reading pseudowords involves addi-
tional phonological demands that sight words do not have
(McWeeny et al., 2022). By separating these two measures,
researchers can assess different aspects of reading ability that may
relate to diverse skills or strategies. Recent review studies on ELLs
have consistently found that phonologically based training pro-
grams have a greater impact on the ability to read pseudowords
than real words (Huo & Wang, 2017; Murphy Odo, 2021).
These findings imply that participants who receive EPA and pho-
nics training may experience greater improvements in decoding
skills, which are essential for deciphering unfamiliar words.

TRAINING STRATEGIES AND TRAINING
PROGRAMS IN NATIVE CHINESE SPEAKERS

A wide range of training programs in improving EPA and read-
ing skills have been carried out within NCS populations, with
a distinction made here between those that either directly or
indirectly teach EPA.

Within direct EPA training strategies, EPA is taught either
alone or in combination with other skills, such as phonics and
vocabulary. Studies conducted for NCSs have categorized four
types of direct instructional programs. The first type of pro-
gram is known as the “EPA only” program, which explicitly
teaches an individual’s sound awareness at the syllable, onset-
rime/rhyme, or phoneme level of a word solely through oral
instruction without any print exposure. To give an example,
researchers have directly trained EPA alone during instruction
for NCSs (H. Y. Wang, 2012; Z. M. Xu, 2013). EPA compo-
nents, such as syllable, rhyme, and phoneme awareness, can be
practiced via the explicit training processes of blending, seg-
mentation, or deletion. The second type of program is referred
to as “EPA+phonics,” which involves both EPA training and
instruction in letter–sound associations. For example, 12-year-
old students in primary school received instruction about single
and multiple phonographs for several weeks, followed by train-
ing on multiple processing skills of phonemic awareness
(Xiong, 2014). The primary distinction between the first two
programs lies in whether the EPA training is conducted with
or without exposure to written letters. Previous meta-analyses
of a series of English-language studies revealed that programs
combining phonological training with written letters or words
might be more effective in word reading than purely phonetic
programs (Bus & Van Ijzendoorn, 1999; Ehri et al., 2001).
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This suggests that children need additional support for linking
phonological processes to reading. However, the majority of
these studies focused on readers with alphabetic contexts;
whether this conclusion can be applied to NCSs across age
groups is less known. The third type is the “EPA and/or pho-
nics+semantics” program, wherein the instruction of lexical
semantic knowledge is integrated with either EPA training or a
combination of EPA and phonics skills. For instance, Chinese
kindergarteners were first taught vocabulary knowledge in
meaningful contexts, followed by the instruction of the EPA
skills of the trained vocabulary (S. S. S. Yeung et al., 2013).
Recent research has demonstrated that English vocabulary is a
unique predictor of NCS children’s English word reading
(Y. Liu et al., 2017). However, the lack of sound–meaning cor-
respondence may hinder NCSs’ enhancement from phonics
training. Castles et al. (2018) have argued that in alphabetic
systems, the phonemes of the language are represented by let-
ters or groups of letters. If a child learns to decode that
symbol-to-sound relationship, then that child will have the
ability to translate printed words into spoken language, thereby
accessing information about meaning. Nonetheless, even if NCS
children manage to decode new words with the letter–sound
correspondence rules through phonics instruction, the connec-
tions of the sound, form, and meaning of words cannot be acti-
vated. As a result, the benefits of phonics pedagogy for NCSs
may be limited. Therefore, the inclusion of lexical semantic
knowledge may be particularly pivotal for NCSs’ reading devel-
opment. The fourth type is referred to as the “EPA and/or pho-
nics+other contents” program, which integrates EPA and/or
phonics training with other practical lessons, such as the Interna-
tional Phonetic Alphabet, Chinese characters, Chinese phono-
logical awareness, or reading comprehension. For instance, Siu
et al. (2018) investigated whether metalinguistic and working
memory training affected Chinese children’s reading gains. In an
8-week training program, both EPA and phonics knowledge of
Chinese and English were taught. The present study aims to
investigate whether programs combining EPA training with
written letters or words may be more effective in word reading
than purely EPA programs and whether training involving lexi-
cal semantic knowledge leads to greater effects compared with
other types of training programs.

Within indirect EPA training strategies, EPA (as an out-
come measure) was not explicitly or directly taught. Rather,
alternative training programs were implemented, such as view-
ing cartoon videos, receiving vocabulary instruction, engaging
in parent–child reading, or taking part in interactive dialog
activities (Chow et al., 2021; Chow et al., 2010; Y. Li, 2012;
S. S. Yeung et al., 2020; C. Y. Zhang et al., 2010). Indirect
training strategies have also been shown as effective in improv-
ing NCSs’ EPA and reading skills (Y. Li, 2012; S. S. Yeung
et al., 2020; C. Y. Zhang et al., 2010). For example, Zhang
et al. (2010) simply arranged for Chinese kindergarteners with
a mean age of 66 months to watch English-language Disney
cartoons for 20 min a day, 5 days a week, over an 18-week
period. As a result of this intervention, the children’s EPA abil-
ity (assessed by the authors as an outcome measure) was signifi-
cantly enhanced. Other researchers implemented vocabulary

instruction in a story-based context among Hong Kong kinder-
garteners and found that while EPA was not a direct instruc-
tional target, the participants gained greatly not only in their
receptive and expressive general vocabulary knowledge but also
in their phonemic awareness skills (S. S. Yeung et al., 2020).

The effectiveness of direct and indirect training programs
has been compared by scholars. Sermier Dessemontet et al.
(2019) conducted a meta-analysis on phonics instruction for
individuals with intellectual disabilities and reported that direct
training yielded stronger effect sizes than indirect training. But
this meta-analysis did not report the participants’ native lan-
guage in the studies analyzed. Hence, it is unclear whether direct
and indirect training strategies impact NCSs’ EPA training out-
come. Investigating this issue is of great significance since most
EPA/phonics and reading programs targeting NESs or other
native language contexts are explicit and have been found effec-
tive (Bus & Van Ijzendoorn, 1999; Ehri et al., 2001; Rehfeld
et al., 2022). Indirect training programs may also offer great
benefits to NCSs by providing them with the necessary contex-
tual knowledge. If the indirect strategy is found to be effective, it
is recommended that educators place greater emphasis on utiliz-
ing such strategies in future English teaching for NCSs.

ADDITIONAL FACTORS INFLUENCING
TRAINING EFFICACY

Language proficiency is a crucial factor in evaluating the lan-
guage skills of ELLs (Goetze & Driver, 2022; Mohsen, 2022).
In this study, we aim to evaluate language proficiency by using
“sample characteristics” and “grade” as moderating variables to
examine their impact on EPA and reading training for NCSs.
Previous training programs for NCSs have primarily focused
on the typically developing population (Y. Li, 2012; Sun
et al., 2015). Only a few studies have investigated special popu-
lations, including individuals with dyslexia, at-risk readers, and
individuals with learning disabilities impacting English lan-
guage learning (Tam & Leung, 2019; Xiong, 2014; S. S.
Yeung & Savage, 2020). Examining the difference in training
effects between a typically developing population and the spe-
cial population of NCSs is helpful for educators in adopting
more targeted teaching.

The effects of phonologically based training programs dif-
fer widely in terms of grade. Meta-analyses, primarily for chil-
dren with alphabetic contexts, consistently indicate that the
effects are larger when training programs are implemented early
(Bus & Van Ijzendoorn, 1999; Ehri et al., 2001). This is likely
because the window of benefit for phonological training is
shorter for English-speaking children who typically learn to
read English at a young age. Another meta-analysis for ELLs
extended the sample range of EPA and phonics training to
middle schools and demonstrated that the effect sizes of word
reading for middle school students are larger than those in the
elementary period (Murphy Odo, 2021). However, the influ-
ence of training effects on ELLs with a logographic language
background is unclear. For NCSs, who may be exposed to
English at varying ages, the benefits of phonological training
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may manifest a slightly longer time window of efficacy. More-
over, NCSs’ EPA skills were found to be significantly lower
than those of NESs across age groups (Pan & Gai, 2013).
Hence, it appears necessary to examine the training effects of
NCSs in different age groups.

Instructional intensity is another critical factor related to
training effects. The American National Reading Panel’s meta-
analysis reported that when phonemic awareness instruction
lasts between 5 and 18 hours in total for children, it yields the
best effect (Ehri et al., 2001). Murphy Odo (2021) found that
the more time devoted to ELLs phonics instruction, the larger
the effect of training on English word reading. And the largest
mean effect size of pseudoword reading was observed when
ELLs were taught for between 1000 and 2000 min. Thus,
when assessing additional factors related to training effects, it is
essential to consider the intensity of training, including the
number of weeks and the distribution of sessions.

Finally, to investigate potential publication bias, we will
examine the impact of peer-reviewed articles and unpublished
articles on overall EPA and overall reading competence.

THE PRESENT RESEARCH

This study aims to examine the training effects on EPA and
reading in NCSs across age groups. The following research
questions are addressed.

1. What is the impact of EPA and reading training programs on
the overall development of EPA, including its components
(syllable awareness, rhyme awareness, and phoneme aware-
ness), as well as overall reading, including its components
(word reading and pseudoword reading), among NCSs?

2. To what degree do training strategies (direct and indirect)
and type of program (EPA only, EPA+phonics, EPA and/or
phonics+semantics, and EPA and/or phonics+other
contents) result in different effect sizes on NCSs’ EPA and
word reading?

3. How do sample characteristics, grade, and training intensity
influence effect sizes on NCSs’ EPA and word reading?

METHOD

Literature search

This meta-analysis was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Liberati et al., 2009; see Figure 1). In
April 2022, an electronic search of four databases was con-
ducted: Scopus, PsycInfo, Web of Science, and China National
Knowledge Infrastructure (CNKI).

We used different search strategies in three English data-
bases and one Chinese database. In the three English databases,
we chose three subjects (“phonological awareness,” “Chinese,”

F I GUR E 1 PRISMA diagram of study selection process.
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and “training”), thus creating separate search strings. We also
located their alternatives to have a comprehensive result. For
the first subject, “phonological awareness,” we searched phono-
logical sensitivity, phonological processing, phonological recoding,
phonological skills, phonem* awareness, metalinguistic awareness,
phonic*, letter-sound, grapheme-phoneme, and phoneme-graph-
eme. We combined them with the Boolean operator
OR. Similarly, for the second subject, “Chinese,” we searched
China, Mandarin*, Cantonese, Hong Kong, Taiwan*, L2, second
language, language learner*, English learner*, ESL, EFL, ELL,
and bilingual*. For the third subject, “training,” we searched
interven*, teach*, instruct*, pedagog*, treat*, remedia*, program*,
strateg* and effect*. As a last step, the three separate searches
were conducted on the title, abstract, keywords, or subject in
each database and combined with the Boolean operator AND.
We limited publication languages to English and Chinese.
Articles from peer-reviewed journals, book chapters, reports,
non-peer-reviewed journals, dissertations, and conference pro-
ceedings were also collected. This yielded 1039 articles in Sco-
pus, 941 articles in PsycInfo, and 2563 articles in Web of
Science.

We conducted two steps in the Chinese database, CNKI,
based on “subject” searching. First, in the advanced search of
CNKI, we restricted to Chinese literature with “journal type.”
We separately searched 21 subject words or phrases in Chinese
(英语语音意识English phonological awareness, 语音意识训练

phonological training, 语音意识干预phonological awareness
intervention, 语音意识教学phonological awareness instruction,
音位意识phoneme awareness, 首音意识onset awareness, 韵脚

意识rime awareness, 押韵意识rhyme awareness, 英语韵律

English prosody, 韵律意识prosody awareness, 重音意识stress
awareness, 语调意识intonation awareness, 节奏意识rhythm
awareness, 元语言意识metalinguistic awareness, 语音敏感性

phonological sensitivity, 英语语音训练English phonetic training,
拼读法phonics, 英语阅读训练English reading training, 英语

阅读干预English reading intervention, 英语拼写训练English
spelling training, and 英语读写训练English literacy training).
Then, we searched English and Chinese articles of doctoral dis-
sertations, master’s theses, proceedings, and newspapers. In
total, this yielded 1556 articles. The publication date was not
restricted in any of the four databases because there is generally
a dearth of training literature in this area.

Inclusion and exclusion criteria

To be included, studies had to meet the following criteria:
(a) Design. The experimental designs were restricted to
randomized control trials and quasi-experimental designs.
Case studies and observational studies were excluded.
(b) Participants. Participants should be NCSs who learn
Chinese as their first language and English as a second
language. (c) Topic. The study was included if the topic
was related to the intent to improve EPA, with or without
phonics, within NCSs. (d) Dependent variables. EPA (or its
components) was a must as a dependent variable for each

study. Other dependent variables could include real word
reading or pseudoword reading.

The title, abstract, or full text (when necessary) was inde-
pendently screened by two authors for each article. The agree-
ment between researchers was determined using an inter-rater
reliability analysis (κ = .92). The researchers resolved all dis-
crepancies through discussion. Sixty-two articles met the inclu-
sion criteria. Two researchers independently read them.
Another inter-rater reliability analysis was performed to deter-
mine researcher agreement on excluded articles (κ = .90).

The following circumstances and study features resulted in
exclusion: (a) Sample issues. NCSs were not the only target popu-
lation, and their results were not separately analyzed (five stud-
ies). The experimental and the control groups were not at the
same baseline at the start of the training (five studies), for exam-
ple, the experimental group involved poor English readers while
the control group involved typically developing readers. Parts of
the samples were duplicated (one study). (b) Insufficient informa-
tion. Studies lacked key descriptions of training procedures (one
study), pretests, or posttests (17 studies). For instance, in some
studies, authors did not report what the pretests included or
how the tests were administered and assessed. Studies not report-
ing pretest scores on any of the outcomes were also excluded.

Finally, thirty-three articles were retained for data extrac-
tion and coding. Six studies used a randomized control trial
design, and 27 used a quasi-experimental design. Seventeen
were peer-reviewed articles, and 16 were unpublished papers.

Data extraction and effect size calculation

We conducted seven independent meta-analyses. We first
coded effect sizes of overall results for EPA and reading out-
comes separately. Then, we coded effect sizes for the results of
syllable awareness, rhyme awareness, phoneme awareness, word
reading, and pseudoword reading outcomes, respectively. For
the overall effect size in EPA, the results of the measures
selected in each article could be a composite score of EPA or
any of the following components, including syllable awareness,
rhyme awareness, phoneme awareness, or any of the processing
skills in phoneme awareness, such as phoneme deletion, pho-
neme blending, or phoneme segmentation (see Appendix A).
Due to the limited studies reporting onset-rime awareness and
rhyme awareness as outcomes, they were combined into one
category—rhyme awareness. The overall reading effect size, as
determined by the measures chosen in each article, could be
word reading or pseudoword reading. Several studies included
more than one measure of EPA or reading. In the first two
independent meta-analyses, we averaged the effect sizes to pro-
duce one “g effect size” for each sample (shown as “combined”
in Appendix A). Two articles had more than one comparison;
we adopted the mean of these comparisons (Chow et al., 2010;
Siu et al., 2018). Moreover, Cheung (1999) and C. Y. Zhang
et al. (2010) reported the scores of participants from different
grades separately, so we kept all of them and coded each as an
independent sample. Chow et al. (2021) reported participants’
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scores from two conditions: the group with low vocabulary
knowledge and the group with high vocabulary knowledge. In
each condition, participants were assigned to the experimental
group or the control group. We kept these two conditions and
coded each as an independent sample. Consequently, we got
37 independent samples from 33 articles with EPA outcomes
and 17 independent samples from 16 articles with reading out-
comes. Similarly, we used the same procedure to separately cal-
culate the combined effect sizes for syllable awareness, rhyme
awareness, phoneme awareness, word reading, and pseudoword
reading.

We used the Comprehensive Meta-Analysis Version 3.3.070
software to analyze the data. The effect size of this meta-analysis
was the standardized mean difference (Hedges’s g) between the
experimental and control conditions on the posttest. We chose
the effect size of Hedges’s g over Cohen’s d because it corrected
for small sample sizes (Borenstein et al., 2009). According to
Cohen (1988), values of 0.8, 0.5, and 0.2 represented large,
medium, and small effect sizes, respectively. The raw means and
standard deviations of the posttests were preferred for calculating
the effect sizes. However, we used inferential statistics to com-
pute the effect size for the studies that did not report means and
standard deviations (Card, 2015). These procedures included
the use of t-statistics and p-values. We adopted the random-
effects model to calculate the combined effect sizes and reported
results based on that. The random-effects model allowed for
between-study variance beyond sampling error (Borenstein
et al., 2009). The Q-statistic was used to evaluate the heteroge-
neity of the combined effect sizes.

Coding of potential moderators

To evaluate the impact of outcome heterogeneity on the meta-
analysis results, subgroup analyses were performed to compare
contrasts based on categorical moderator variables (e.g., typical
or special populations) across all meta-analyses. To ensure ade-
quate statistical power, categorical moderator variables with at
least three contrasts were included in this meta-analysis due to
the limited number of available papers.

Coding was completed independently by two authors using
a structured coding sheet. Two authors independently coded
studies for characteristics reflecting potential moderator vari-
ables (see Appendix A). They coded for 10 categorical variables
that were used as moderators. Inter-rater reliability ranged from
91% to 100% for various categorizations. Finally, all disagree-
ments were resolved.

The following elements were coded. (1) Sample characteris-
tics. This moderator aimed to examine the training effects on
typical and special populations. (2) Training strategy. The stud-
ies were divided into two more general groups, namely direct
training studies and indirect training studies. (3) Type of pro-
gram. We only categorized the studies that used direct training
strategies in terms of the focus of the training. Studies with
indirect training strategies will be compared with those using
direct training strategies in other sections. Hence the types of
training programs include “EPA only,” “EPA+phonics,”

“EPA and/or phonics+semantics,” and “EPA and/or phonics
+other contents.” (4) Grade. “Grade” was categorized into five
types: pre-elementary (including preschool and kindergarten),
early elementary, upper elementary, middle school, and univer-
sity. (5) Number of weeks. Two types were “≤12” and “>12.”
This moderator aimed to examine whether the length of train-
ing time was a potential influence on outcomes. (6) Number of
sessions. This moderator was categorized into “>60” sessions,
“30–60” sessions, “≤30” sessions, and “unclear,” which aimed
to see whether the intensity of training had an impact on
outcomes. (7) Publication status. Two types of articles were
“peer-reviewed” and “unpublished.”

Publication bias assessments

Several approaches were applied separately to the overall EPA
and overall reading samples to determine whether publication
bias existed. The asymmetrical distribution of the studies on
the funnel plot implied the possibility of publication bias. The
Begg and Mazumdar rank correlation test was a direct statisti-
cal analog of the funnel graph approach (Begg &
Mazumdar, 1994). Egger’s regression method tested for a lin-
ear association between the training effect and its standard
error (Egger et al., 1997). The fail-safe procedure helped esti-
mate how many missing studies were needed to nullify a statis-
tically significant effect (Borenstein et al., 2010). With
random-effects models, the “trim and fill” method was used to
examine the possible effects of studies that were probably
missed because of publication bias (Duval & Tweedie, 2000).

RESULTS

Overall effects

Forest plots and funnel plots for overall EPA and overall read-
ing are shown in Figures 2–5.

We examined the overall effect size across 37 independent
samples from 33 articles in EPA (n = 3137) and 17 indepen-
dent samples from 16 articles in reading (n = 1506). Results
from the random-effects model analysis showed a mean esti-
mated g = 0.651 in EPA, 95% confidence interval
(CI) [0.509, 0.793], z = 8.984, p < .001, and g = 0.498 in
reading, 95% CI [0.269, 0.727], z = 4.261, p < .001. Homo-
geneity test was significant in EPA, Q (36) = 129.309,
p < .001, with I2 = 72.160, and in reading, Q (16) = 71.933,
p < .001, with I2 = 77.757. This indicated that effect sizes
had a large amount of heterogeneity, thus adding further justi-
fication for the utilization of random-effects models.

The funnel plot revealed a roughly symmetrical distribu-
tion of EPA outcomes, with no apparent outliers. The Begg
and Mazumdar rank correlation test showed no evidence of
publication bias, p = .205. In addition, the fail-safe number
was 2632, which implied a robust effect. There were no indica-
tions of publication bias for reading outcomes in the funnel
plot. The fail-safe number was 310, which suggested a strong
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impact. The Begg and Mazumdar rank correlation test also
showed no publication bias, p = .232.

Effects of different components

For different outcome measures, there were no outliers accord-
ing to the standard of Takacs and Kassai (2019). An overview of
the effects on the overall EPA, overall reading, and different
components is shown in Table 1. The random-effects model
analysis showed that training had a moderate effect on syllable
awareness (g = 0.468, p = .015), a large effect on rhyme aware-
ness (g = 0.948, p < .001), and a medium to large effect on
phoneme awareness (g = 0.736, p < .001). Results also showed
a small impact on word reading (g = 0.297, p = .009) and a
moderate effect on pseudoword reading (g = 0.586, p = .008).

The results suggested no publication bias for syllable aware-
ness, rhyme awareness, and pseudoword reading (Begg and
Mazumdar rank correlation test, ps > .536; Egger’s regression

F I GUR E 2 Overall English phonological awareness (EPA) forest plot.

F I GUR E 3 Overall reading forest plot.
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test, ps > .327). The funnel plot presented a sign of asymmetric
distribution for phoneme awareness. The Duval and Tweedie
trim and fill analysis procedure estimated that five hypothetical

studies are missing. However, the adjusted effect size was still
significant (estimate: 0.552, 95% CI [0.349, 0.755]). More-
over, the funnel plot presented a sign of asymmetric

F I GUR E 4 Overall English phonological awareness (EPA) funnel plot.

F I GUR E 5 Overall reading funnel plot.
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distribution for word reading; however, the trim and fill analy-
sis revealed that with the adjustment, the estimate of the unbi-
ased average effect size would be g = 0.208. It was very close

to the average effect size found in our meta-analysis,
g = 0.297. It suggested that publication bias was not a signifi-
cant issue within this meta-analysis.

T A B L E 1 Overview of the effects

Outcome k g 95% CI p Q I 2

EPA 37 0.651 [0.509, 0.793]

Syllable awareness 8 0.468 [0.091, 0.846] <.05 38.768*** 81.944

Rhyme awareness 7 0.948 [0.640, 1.256] <.001 16.753* 64.186

Phoneme awareness 18 0.736 [0.546, 0.925] <.001 63.229*** 73.113

Reading 17 0.498 [0.269, 0.727]

Word reading 13 0.297 [0.076, 0.518] <.01 39.400*** 69.543

Pseudoword reading 7 0.586 [0.155, 1.016] <.01 47.605*** 87.396

Note: k = the number of the effect sizes. EPA, English phonological awareness.
*p < .05; ***p < .001.

T A B L E 2 Mixed-effects categorical moderator analysis (EPA)

Moderator/level k Sample size g 95% CI Q p

Main effect 37 3137 0.651 [0.509, 0.793]

Training strategy 0.316 0.574

Direct 29 2575 0.672 [0.513, 0.831]

Indirect 8 562 0.564 [0.223, 0.905]

Type of program 6.485 0.090

EPA only 7 620 0.682 [0.433, 0.930]

EPA+phonics 11 810 0.564 [0.218, 0.909]

EPA and/or phonics+semantics 5 348 1.030 [0.715, 1.345]

EPA and/or phonics+other contents 6 799 0.563 [0.363, 0.763]

Sample characteristics 1.202 0.273

Special 3 311 0.368 [�0.162, 0.899]

Typical 34 2826 0.676 [0.527, 0.826]

Grade 10.797 0.029

Pre-elementary 9 728 0.779 [0.525, 1.033]

Early elementary 11 889 0.458 [0.234, 0.681]

Upper elementary 8 596 0.969 [0.710, 1.228]

Middle school 6 650 0.435 [�0.012, 0.882]

University 3 274 0.584 [0.337, 0.831]

Number of weeks 3.718 0.054

>12 19 1820 0.779 [0.568, 0.989]

≤12 18 1317 0.508 [0.330, 0.685]

Number of sessions 9.957 0.019

>60 7 594 0.950 [0.720, 1.180]

≤30 16 1324 0.619 [0.435, 0.803]

30–60 8 809 0.740 [0.435, 1.045]

Unclear 6 410 0.215 [�0.228, 0.658]

Publication status 0.667 0.414

Peer-reviewed 21 1892 0.599 [0.430, 0.767]

Unpublished 16 1245 0.724 [0.474, 0.975]

Note: k = the number of the effect sizes. EPA, English phonological awareness.
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Moderator analyses

Using mixed-effects categorical moderator analysis, we calcu-
lated effect sizes and 95% CIs for each level of all seven cate-
gorical moderators. Results are displayed in Tables 2 and 3,
along with all between-group heterogeneity tests. For EPA as
an outcome, the type of program had a marginally significant
effect on the effect size, Q (3) = 6.485, p = .09. All four types
of training programs—“EPA only,” “EPA+phonics,” “EPA
and/or phonics+semantics” and “EPA and/or phonics+other
contents”—showed significant training effects (ps < .01). How-
ever, the “EPA and/or phonics+semantics” program resulted
in the largest trend of NCSs’ improvement in EPA
(g = 1.030, p < .001). Post-hoc analysis revealed that the
“EPA and/or phonics+semantics” program had a significantly
larger effect size than the “EPA only” program (p = .069).
The grade level had a significant effect on the effect size, Q
(4) = 10.797, p = .029, with middle school showing a mar-
ginally significant training effect (p = .057) and all the other
grades showing significant training effects (ps < .001). Addi-
tionally, post-hoc analysis showed that the average effect size in
upper elementary was significantly larger than that in early ele-
mentary and middle school (ps < .05). Furthermore, the num-
ber of sessions was a significant moderator, Q (3) = 9.957,
p = .019. Except for the “unclear” type, all the other types
showed significant training effects (ps < .001). Post-hoc analy-
sis revealed that training with more than 60 sessions produced
a significantly larger effect size than training with fewer than
30 sessions (p = .039). In addition, the number of weeks had

a marginally significant effect on the effect size, Q (1)
= 3.718, p = .054. Training programs with more than
12 weeks yielded a larger average effect size than those with
fewer than 12 weeks (g = 0.779, p < .001).

For reading as an outcome, after excluding the university
category, which involved only one study, grade significantly
affected the effect size, Q (3) = 11.885, p = .008. Post-hoc
analysis demonstrated that upper elementary showed a signifi-
cantly larger effect size than those in early elementary and mid-
dle school (ps < .05). Pre-elementary and upper elementary
had significant training effects (ps <0.05), and middle school
showed a marginally significant training effect (p = .086).
Moreover, publication status was a significant moderator, Q
(1) = 11.770, p < .01. Both peer-reviewed and unpublished
articles indicated significant training effects (ps < .01), but the
latter led to a larger average effect size (g = 0.905, p < .001).

DISCUSSION

This meta-analysis investigated the effectiveness of direct and
indirect training programs on NCSs’ EPA and reading out-
comes. The results revealed the efficacy of training in improv-
ing EPA and reading for typically developing Chinese students.
Many correlational studies have reported that EPA is a strong
predictor of NCSs’ later English reading development (B. L. Li
et al., 2011; Lin et al., 2017). Although correlational findings
provide valuable insights, they are insufficient to determine a
causal relationship between variables. In this study, we aimed

T A B L E 3 Mixed-effects categorical moderator analysis (Reading)

Moderator/level k Sample size g 95% CI Q p

Main effect 17 1506 0.651 [0.509, 0.793]

Type of program 2.973 0.396

EPA only 5 424 0.379 [0.083, 0.676]

EPA+phonics 5 403 0.717 [0.175, 1.258]

EPA and/or phonics+semantics 3 216 0.647 [0.138, 1.157]

EPA and/or phonics+other contents 3 395 0.206 [�0.217, 0.628]

Grade 11.885 0.008

Pre-elementary 3 243 0.779 [0.525, 1.033]

Early elementary 5 537 0.266 [�0.111, 0.643]

Upper elementary 5 382 0.988 [0.664, 1.313]

Middle school 3 248 0.386 [�0.054, 0.827]

Number of weeks 2.278 0.131

>12 7 730 0.725 [0.257, 1.193]

≤12 10 776 0.334 [0.137, 0.531]

Number of sessions 0.100 0.751

≤30 10 822 0.457 [0.174, 0.741]

30–60 5 538 0.550 [0.053, 1.046]

Publication status 11.770 0.001

Peer-reviewed 11 1034 0.262 [0.064, 0.460]

Unpublished 6 472 0.905 [0.595, 1.214]

Note: k = the number of the effect sizes. EPA, English phonological awareness.
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to extend beyond correlational evidence by synthesizing rele-
vant intervention studies to assess the causal influence of EPA
in NCSs who are learning to read. The synthesis of existing
literature may provide stronger support for the causal role of
EPA in the development of reading skills.

Native Chinese speakers’ English phonological
awareness and reading skills improved
significantly

To our knowledge, the present meta-analysis is the first study
to synthesize previous research on the effects of EPA and read-
ing training for ELLs in a logographic context. The analysis
included studies published both in English and Chinese to bet-
ter capture information about EPA and reading training for
NCSs. NCSs face additional challenges in learning EPA and
reading skills as their writing systems are not based on an
alphabet but rather on logographic characters or symbols.
Results from the present study can lead to more targeted and
effective support for English language education for NCSs.

EPA and reading training exerted a moderate effect on syl-
lable awareness, but the effect size was smaller compared to
that of rhyme and phoneme awareness. This is likely because
NCSs already have relatively strong syllable awareness, so they
make relatively minor improvements in their ability to perceive
English syllables. Chinese is spoken with syllable timing, and
Chinese speakers tend to use syllabic segmentation when read-
ing English words (Deng et al., 2019). Consequently, NCSs
may reach the ceiling early on the syllable awareness task
(McBride-Chang & Kail, 2002). Wei (2017) reported that the
accuracy of English syllable awareness (79.8%) of 10-year-old
Chinese children was significantly higher than that of phoneme
awareness (70.9%) and onset-rime awareness (57.7%), suggest-
ing that NCSs’ performance in syllable awareness is relatively
good. Similarly, McBride-Chang et al. (2004) found no signifi-
cant difference in syllable awareness between first graders in
Hong Kong and age-matched Canadian children, and the ele-
mentary children from mainland China even demonstrated
superior performance in a syllable deletion task compared to
age-matched English speakers.

Furthermore, EPA and reading training exerted the most
substantial impact on improving NCSs’ rhyme awareness.
There are two potential reasons. First, the Chinese learning
experience might have contributed to the development of
onset-rime awareness in NCSs, given the prevalence of phono-
semantic characters in Chinese writing, where the whole char-
acter typically rhymes with its sound component (Tao
et al., 2005). Moreover, English has a strong tradition of rhym-
ing verse (Bradley & Bryant, 1983; McKie, 1997), while most
Chinese poems and song lyrics obey tail rhyme to some extent
(X. Wang et al., 2011). As a result, NCSs may possess a ten-
dency to transfer their acuity in discerning rhyme patterns of
Chinese characters to their sensitivity towards English rhyme
awareness and word reading. This is supported by Tao et al.
(2007), who found that Chinese onset-rime awareness
accounted for unique variances in English word reading, while

Chinese tone awareness influenced nonword decoding, and
their effects on English word reading were mediated by English
onset-rime awareness. Second, rhyme awareness might be eas-
ier to acquire than other phonological units. As Ziegler and
Goswami (2005) posit in the grain size theory, people’s phono-
logical awareness typically progresses from larger to smaller
units. These findings have important implications for the
design of EPA and reading training for NCSs. Particularly, it is
crucial to increase their awareness of English rhyme patterns
and improve their word reading abilities.

In addition, EPA and reading training programs yielded a
moderate to large effect on phoneme awareness. This is likely
due to NCSs’ underdeveloped skills in phoneme awareness,
which make them particularly responsive to such training.
Additional challenges in learning a second language are likely
to occur when the phonology and orthography of the target
language are very contrastive to the native language (Ellis,
1999). English words consist of individual phonemes that can
be manipulated to form new words (McBride-Chang &
Kail, 2002), so phoneme awareness may be particularly vital
for English language acquisition. Conversely, phonemes are
not explicitly represented in the Chinese system (Branum-
Martin et al., 2012), and thus NCSs do not typically require
phoneme-level awareness to read Chinese (Shu et al., 2008).
This difference could pose challenges for NCSs in developing
their English phoneme awareness abilities. What is more, the
findings can also be supported by grain size theory, which sug-
gests small grain size units of processing, such as single letters
and phonemes, are favored, even when large unit information
is available (Ziegler & Goswami, 2005).

Noticeably, although NCSs’ phoneme awareness can be
greatly improved through training, the effect size was smaller
than that in NESs, as reported in the meta-analyses of Bus and
Van Ijzendoorn (1999) and Ehri et al. (2001). For NESs, pho-
nemic awareness has a much stronger predictive power than
the syllable and rhyme factor for later reading (Høien
et al., 1995). The smaller effect of instruction on NCSs com-
pared to NESs raises questions regarding the optimal intensity
and mode of delivery of PA instruction for NCSs. It should be
noted that compared to training for NESs, which has involved
a variety of “phonemic awareness only” training methods
(Castle et al., 1994; Ehri et al., 2001), few EPA training studies
for NCSs focused only on the phoneme level of words—
perhaps a more intense focus on this advanced level of phono-
logical awareness might yield greater effects for some learners.

In terms of understanding the struggles of NCSs in acquir-
ing EPA, it is worth considering phonemic aspects of English
that might provide a particular challenge for NCSs. Some
English phonemes, such as the consonants /θ/ and /ð/ and
vowels /æ/ and /ɜ:/, are uncategorized in the Chinese language,
making them more difficult to discriminate against and manip-
ulate for NCSs learning English after early childhood. This is
consistent with the Perceptual Assimilation Model, which
underscores how people’s native language may influence their
perception of non-native languages (Best, 1995). A resultant
question is whether targeted phonetic category training could
effectively improve NCSs’ EPA ability. A meta-analysis
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reviewing 25 years of perception training studies conducted by
Sakai and Moorman (2018) revealed that second language
learners made significant progress in their phonetic production
abilities after receiving phonetic perception training. Moreover,
studies on NCSs have also shown that training on sensitivity to
the English /l/�/d/ contrast, perception, and production of /θ/
and /ð/ is effective (Flege, 1989; Y. F. Li & Dong, 2009,
2011). Considering the lower gains in EPA and reading for
NCSs within EPA-based training programs, we, therefore, sug-
gest that a combination of EPA-based training and English
phonetic categories training would offer a fruitful future direc-
tion of study. The findings may have implications for educa-
tors and instructors when designing appropriate NCS language
curricula with a focus on subcomponents of EPA.

The present study also found that the training effect on
NCSs’ pseudoword reading was larger than that on word read-
ing. This finding is in line with previous meta-analyses that
focused on ELLs (Huo & Wang, 2017; Murphy Odo, 2021).
Pseudoword reading requires strong decoding skills to read
unfamiliar, nonsense words, and EPA-related training pro-
grams may provide NCSs with more chances to improve their
decoding abilities. In contrast, each real word has its lexical
semantic knowledge. With insufficient oral vocabulary
acquired in daily life, NCSs may have limited progress in word
reading during a training program.

Programs integrating lexical semantic knowledge
produced the largest trend in enhancing English
phonological awareness

Both direct and indirect training strategies facilitated NCSs’
EPA development. Although this conclusion is different from
the meta-analytic conclusion of Sermier Dessemontet et al.
(2019), which found that direct strategy training had a larger
effect size, this may imply that substantial English language
environment exposure benefiting from the indirect strategy is
particularly important for NCSs. Thus, whilst parents and
schools may be keen to continue with direct EPA training
activities, and their value is undeniable, this analysis demon-
strates that indirect activities may also be beneficial. As Ellis
(2015) claims, language processing is very sensitive to usage
frequency. Usage contains a wealth of latent linguistic struc-
tures, and learners’ apprehension of these structures is achieved
mainly through indirect learning. Traditionally, indirect EPA
and reading training programs have received limited attention
within the field. In the future, educators can explore the value
of generally increased English exposure, such as watching
English television or plays, listening to books being read aloud,
or encouraging English discussion and debate.

The purpose of this study was to evaluate the effectiveness
of four direct training programs, namely “EPA only,”
“EPA+phonics,” “EPA and/or phonics+semantics,” and
“EPA and/or phonics+other contents,” in improving NCSs’
EPA and reading competence. The results indicated that all
four programs were effective in enhancing NCSs’ EPA skills.
However, the “EPA and/or phonics+semantics” program

displayed the largest tendency in enhancing NCSs’ EPA com-
petence, and it produced a significantly larger effect size than
the “EPA only” program, highlighting the significance of oral
vocabulary instruction. This finding is in line with the lexical
restructuring model, which shows that one’s early word repre-
sentations are more holistic with smaller vocabulary sizes
(Walley & Metsala, 1990). As a child’s vocabulary grows, these
holistic representations are gradually restructured so that smal-
ler segments of sound, like rimes and phonemes, are ultimately
represented (Goswami, 2002). This might suggest that a com-
bination of EPA/phonics and vocabulary-rich instruction is
recommended for early NCSs. Nevertheless, further investiga-
tion requires examining whether vocabulary should be taught
before phonics instruction or in a more integrated manner.
Increased phonics training intensity for NCSs, compared to
NESs, may also enable more rapid progress in English reading;
however, this requires further empirical study.

Additionally, the type of training program used did not sig-
nificantly affect NCSs’ reading performance. This finding con-
tradicts earlier research by Bus and Van Ijzendoorn (1999) and
Ehri et al. (2001), which reported that the combination of
EPA training with letter instruction yielded better word read-
ing outcomes than phonetic training alone. The present meta-
analysis indicates that both EPA training and its combination
with letter–sound knowledge are effective approaches to
improving NCSs’ reading ability.

English phonological awareness and reading
training were most effective for native Chinese
speakers in upper elementary grades

In terms of assessing language proficiency, on the one hand, it
has been observed that training significantly enhances NCSs’
EPA and reading development across age groups. This finding
aligns with our hypothesis, positing that the advantages of pho-
nological training for NCSs may exhibit an extended time win-
dow of efficacy. Moreover, the findings indicate that Chinese
students in the upper elementary grades are particularly
inclined to benefit most from EPA and reading training. On
the other hand, the characteristics of the sample population do
not seem to play a significant role in NCSs’ EPA and reading
training, as both typical and special NCSs can effectively
enhance their skills.

Compared to NCSs in early elementary, those in the upper
elementary stage exhibited significantly larger effect sizes on
EPA and reading. This is likely because higher-grade students
have made greater progress in pinyin (the official romanization
system for standard Mandarin Chinese) and character recogni-
tion. As a result, their increasing proficiency in Chinese can be
transferred to the development of their EPA and reading com-
petence. Tao et al. (2007) found that the elementary NCSs’
Chinese onset-rime awareness accounted for unique variances
in English word reading and that Chinese tone awareness
accounted for unique variances in English pseudoword reading.
Other studies have also revealed that Chinese upper elementary
students exhibited higher levels of English reading, EPA, and
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Chinese phonological awareness than those in the early ele-
mentary stage (B. L. Li et al., 2011; F. Xu & Dong, 2005).

On the other hand, Chinese middle school students did
not benefit as much from EPA and reading training compared
to upper elementary school students. This is probably because
instructional strategies employed in middle school classrooms
may provide fewer opportunities for NCSs to practice their
decoding skills. Rao (1996) states that Chinese English
teachers mainly employ rote-memory strategies rather than
phonics when teaching English vocabulary. Consequently,
NCSs may depend less on their EPA skills while reading
English words. As Pan et al. (2019) reported in a meta-analysis,
the correlation between EPA and reading ability (at the word,
sentence, and text levels) was lowest in middle school com-
pared to other age groups, including pre-elementary, elemen-
tary, and university stages.

Native Chinese speakers require more intensive
training to enhance English phonological
awareness and reading skills

In this study, we found that while training weeks and sessions
were not significant moderators for reading as an outcome,
Chinese students who got more intensive training showed big-
ger advances in EPA ability. It suggests that increasing the
intensity of training may be an effective strategy for improving
EPA ability in NCSs. Moreover, for EPA, publication status
was not a significant moderator. However, for reading, the
effect sizes of the unpublished papers were larger than those of
the peer-reviewed ones. This result was somewhat surprising.
This is likely because experimenters conducted less rigorous
design and execution compared to studies published in aca-
demic journals. Another potential reason for this phenomenon
is that unpublished articles may not have undergone rigorous
scrutiny during the peer-review process, resulting in fewer qual-
ity checks.

LIMITATIONS AND IMPLICATIONS

In this meta-analysis, we primarily examined EPA and reading-
related components; other outcomes related to second language
learning, such as spelling, vocabulary, and reading comprehen-
sion, were not examined. Moreover, in several studies, the
experimental group chose an additional time for training, but
there was no active control group that received training in dif-
ferent skills at the same time. This meant training time for the
experimental group and the control group was not the same,
which might affect the accuracy of the evaluation. Further-
more, the long-term effects of EPA training were not examined
because most studies did not administer follow-up tests.

In interpreting the results of this study, other limiting fac-
tors warrant consideration. One factor is the quantity of the
sample available, which may affect the analysis of potential
moderators. In cases where subgroup numbers were insuffi-
cient, relevant moderators were not examined. For instance, we

did not evaluate the indirect strategy’s influence on reading
because there was only one subgroup for indirect strategy use.
Another limitation is the discrepancy between unpublished and
peer-reviewed studies. Contrary to the main theoretical effects
of the file drawer problem (Hunter & Schmidt, 1990), unpub-
lished studies showed larger effect sizes for EPA than peer-
reviewed studies. This divergence may be attributable to an
overestimation of effect size in low-quality studies. To increase
the generalizability of results among the NCS population in
this domain, more peer-reviewed and high-quality research is
needed. While publication bias analysis indicates little impact
on results, the possibility for publication bias to inflate the
training effects from unpublished studies should not be
ignored. Hence caution should still be exercised when inter-
preting certain effect sizes.

China has the largest number of English learners in the
world, and while this review demonstrates some effectiveness
in EPA training in NCSs, the immediate impact on word read-
ing is more modest, a finding that warrants further attention.
The specific combination of EPA and phonics instruction is
one area for additional study. Approaches to English phonics
instruction can vary greatly, including combinations of syn-
thetic phonics, analytic phonics, analogy-based phonics, pho-
nics through spelling, embedded phonics, and onset-rime
phonics instruction (Armbruster, 2010). While the effective-
ness of various approaches to teaching children to read has
been compared in NES samples (Comaskey et al., 2009;
Johnston et al., 2012), few previous studies have directly com-
pared different phonics approaches in NCS samples.

CONCLUSION

This meta-analysis extends our understanding of the effective-
ness of EPA and reading training for ELLs in a logographic
context. The results showed that EPA-based training programs
were moderately effective at promoting typically developing
NCSs’ EPA and reading development. Training in rhyme
awareness was particularly critical, as shown by the large effect
size in our analysis. We also identified that NCSs across age
groups benefited from EPA training. However, participants
from the upper elementary stage produced significantly larger
effect sizes on EPA and reading than those from early elemen-
tary and middle school. Additionally, both direct and indirect
training strategies promoted NCSs’ EPA and reading ability.
And the “EPA and/or phonics+semantics” program produced
the largest trend in improving NCSs’ EPA competence, and it
demonstrated a significantly larger training effect than the
“EPA only” program. Finally, more intensive training showed
a larger effect on EPA than less intensive training.

Currently, there is increasing interest in phonics programs
among English teachers in China, and this paper suggests that
EPA, which is often neglected, should be considered an inte-
gral part of China’s English curriculum standards and class-
rooms. It is hoped that this article will help stimulate further
research in this field, such as investigating the longer-term
effects of EPA-based training on EPA and reading.
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APPENDIX A

A.1 j OVERVIEW OF STUDIES INCLUDED IN THE META-ANALYSIS

Article
Sample
size

Sample
characteristics Grade Type of program

Training
strategy

Number
of weeks

Number of
sessions

Publication
status Outcome measure

Effect
size (g)

Chen, 2021 82 Typical University EPA and/or phonics
+other contents

Direct >12 30–60 Unpublished EPA (1 measure: syllable+phoneme
+onset-rime)

0.461

Cheung, 1999

G7 84 Typical Middle school EPA only Direct ≤12 ≤30 Peer-
reviewed

EPA (1 measure: phoneme deletion) 1.120

Reading (1 measure: word reading) 0.164

G9 79 Typical Middle school EPA only Direct ≤12 ≤30 Peer-
reviewed

EPA (1 measure: phoneme deletion) 0.161

Reading (1 measure: word reading) 0.160

Chow et al., 2010 34 Typical Kindergarten / Indirect ≤12 ≤30 Peer-
reviewed

EPA (1 measure: syllable+phoneme) 0.061

Reading (1 measure: word reading) 0.295

Chow et al., 2021

Low level 32 Typical Early elementary / Indirect ≤12 Unclear Peer-
reviewed

EPA (1 measure: syllable awareness) �0.344

High level 40 Typical Early elementary / Indirect ≤12 Unclear Peer-
reviewed

EPA (1 measure: syllable awareness) 0.495

Chung
et al., 2022

99 Typical Kindergarten EPA and/or phonics
+other contents

Direct >12 ≤30 Peer-
reviewed

EPA (1 measure: syllable awareness) 1.059

Reading (1 measure: word reading) 0.380

Duan, 2018 120 Typical Upper
elementary

EPA+phonics Direct >12 30–60 Unpublished EPA (3 measures-combined: phoneme
awareness, syllable awareness,
onset-rime awareness)

0.932

Guo, 2017 60 Typical Upper
elementary

EPA and/or phonics
+semantics

Direct >12 ≤30 Unpublished EPA (1 measure: syllable+phoneme
+rhyme)

0.732

Reading (1 measure: word reading) 0.520

He, 2018 50 Typical Upper
elementary

EPA+phonics Direct >12 >60 Unpublished EPA (1 measure: syllable+phoneme
+onset-rime)

1.561

Reading (1 measure: word reading
+pseudoword reading)

1.222

Lai et al., 2009 120 Typical Early elementary EPA and/or phonics
+other contents

Direct ≤12 ≤30 Peer-
reviewed

EPA (1 measure: phoneme awareness) 0.495

Li, 2012 42 Typical Kindergarten / Indirect >12 Unclear Unpublished EPA (1 measure: syllable+rhyme
+onset-rime)

0.827

Li, 2015 72 Typical Upper
elementary

EPA+phonics Direct >12 30–60 Unpublished EPA (1 measure: phoneme
segmentation)

0.626

Reading (1 measure: pseudoword
reading)

0.677
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Article
Sample
size

Sample
characteristics Grade Type of program

Training
strategy

Number
of weeks

Number of
sessions

Publication
status Outcome measure

Effect
size (g)

Li, 2021 80 Typical Upper
elementary

EPA and/or phonics
+semantics

Direct >12 30–60 Unpublished EPA (1 measure: phoneme awareness) 1.648

Reading (1 measure: word reading) 1.138

Li & Dong, 2012 8 Typical Middle school EPA only Direct ≤12 ≤30 Peer-
reviewed

EPA (2 measures-combined: phoneme
deletion, phoneme segmentation)

0.871

Reading (2 measures-combined: word
reading, pseudoword reading)

0.843

Liu, 2012 120 Typical Upper
elementary

EPA+phonics Direct >12 ≤30 Unpublished EPA (2 measures-combined: syllable
awareness, phoneme awareness)

0.721

Reading (1 measure: pseudoword
reading)

1.349

Mak et al., 2017 249 Typical Early elementary EPA and/or phonics
+other contents

Direct >12 30–60 Peer-
reviewed

EPA (2 measures-combined: phoneme
segmentation, initial sound
fluency)

0.338

Reading (2 measures-combined: word
reading, pseudoword reading)

�0.097

Shang, 2012 100 Typical Middle school EPA only Direct >12 Unclear Unpublished EPA (1 measure: syllable+phoneme
+onset-rime)

0.446

Shuai, 2016 100 Typical Middle school EPA+phonics Direct >12 Unclear Unpublished EPA (1 measure: syllable+phoneme
+onset-rime)

�0.554

Siu et al., 2018 25 Typical Early elementary EPA and/or phonics
+other contents

Direct ≤12 30–60 Peer-
reviewed

EPA (1 measure: syllable+phoneme) 0.658

Reading (2 measures-combined: word
reading-consistent, word reading-
inconsistent)

0.608

Sun et al., 2015 80 Typical Early elementary EPA only Direct ≤12 ≤30 Peer-
reviewed

EPA (6 measures-combined: rhyme
detection, syllable synthesis, syllable
segmentation, phoneme synthesis,
phoneme segmentation, initial
phoneme deletion)

0.951

Reading (2 measures-combined: non
word recognition, non-word
reading)

0.666

Tam &
Leung, 2019

202 Special Middle school EPA and/or phonics
+other contents

Direct >12 >60 Peer-
reviewed

EPA (2 measures-combined: initial
sound, blending phonemes)

0.588

Wang, 2012 96 Typical University EPA only Direct >12 ≤30 Unpublished EPA (1 measure: syllable+phoneme
+onset-rime)

0.834

Wang, 2017 90 Typical Early elementary EPA+phonics Direct ≤12 30–60 Unpublished EPA (1 measure: phoneme+rhyme) 0.369

Reading (1 measure: word reading) 0.534

Wang, 2019 21 Typical Early elementary EPA+phonics Direct ≤12 ≤30 Unpublished EPA (1 measure: syllable+phoneme
+rhyme)

0.683
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Article
Sample
size

Sample
characteristics Grade Type of program

Training
strategy

Number
of weeks

Number of
sessions

Publication
status Outcome measure

Effect
size (g)

Xiong, 2014 38 Special Upper
elementary

EPA+phonics Direct ≤12 ≤30 Unpublished EPA (4 measures-combined: rhyme
awareness, initial phoneme
recognition, phoneme detection,
phoneme counting)

0.712

Xu, 2013 70 Typical Early elementary EPA only Direct ≤12 ≤30 Unpublished EPA (1 measure: phoneme+rhyme
+onset-rime)

0.575

Xu, 2021 96 Typical University EPA only Direct ≤12 Unclear Peer-
reviewed

EPA (1 measure: syllable+phoneme
+onset-rime)

0.453

Reading (1 measure: word reading) 0.105

Yeung &
Savage, 2020

71 Special Early elementary EPA+phonics Direct ≤12 ≤30 Peer-
reviewed

EPA (1 measure: phoneme elision) �0.170

Reading (2 measures-combined: word
reading, word attack)

�0.174

Yeung et al., 2013 76 Typical Kindergarten EPA and/or phonics
+semantics

Direct ≤12 ≤30 Peer-
reviewed

EPA (5 measures-combined: syllable
deletion, rhyme deletion, rhyme
generation, phoneme identification,
phoneme deletion)

0.831

Reading (2 measures-combined: word
reading, pseudoword reading)

0.288

Yeung et al., 2020 157 Typical Preschool / Indirect ≤12 ≤30 Peer-
reviewed

EPA (2 measures-combined: syllable
deletion, phoneme identification)

0.240

Zhang, 2011 56 Typical Upper
elementary

EPA+phonics Direct >12 >60 Unpublished EPA (1 measure: syllable+phoneme
+onset-rime)

0.977

Zhang
et al., 2010

Low grad 67 Typical Preschool / Indirect >12 >60 Peer-
reviewed

EPA (1 measure: phoneme awareness) 0.977

Middle grade 73 Typical Preschool / Indirect >12 >60 Peer-
reviewed

EPA (1 measure: phoneme awareness) 0.914

High grade 83 Typical Kindergarten / Indirect >12 >60 Unpublished EPA (1 measure: phoneme awareness) 1.135

Zheng
et al., 2009

63 Typical Preschool EPA and/or phonics
+semantics

Direct ≤12 >60 Peer-
reviewed

EPA (3 measures-combined: syllable
synthesis, rhyme detection,
phoneme detection)

0.917

Zhou, 2012 69 Typical Early elementary EPA and/or phonics
+semantics

Direct >12 30–60 Unpublished EPA (1 measure: phoneme+onset-
rime)

1.027
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