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Abstract

Guided by the self-teaching hypothesis, this study examined Chinese orthographic
learning through a systematic review and meta-analysis, covering 13 empirical
studies with 26 independent samples (N=1403) from 1995 to 2024. Orthographic
learning outcomes, resulting from the influence of word-internal and word-external
factors (e.g., context, orthographic complexity, Zhuyin, phonetic radicals, and se-
mantic radicals), were examined via the effect sizes of Hedges’ g. This research also
explored the potential moderating effects of participants’ age, the method of pho-
nological recoding (reading aloud vs reading silently vs reading with eye tracking),
and the presentation of target characters (single-character words vs two-character
words vs two-character words including two target characters vs three-character
phrases vs mixed). Results revealed several key findings: (1) Chinese orthographic
learning via self-teaching could be defined as a development process where learn-
ers acquire and internalize the orthographic representations of Chinese characters
through independent reading, leveraging phonological recoding and sublexical se-
mantic cues. (2) Both phonetic radicals and semantic radicals demonstrated signifi-
cant effects on orthographic learning, with phonetic radicals showing a larger effect
size. (3) Moderator analyses on the semantic radical effect revealed no significant
moderating effects of participants’ age (z=—0.22, p=0.412). However, significant
moderating effects were observed for the method of phonological recoding (z=2.37,
p=0.018) and the presentation of target characters (z=2.31, p=0.021). These find-
ings contribute to the evaluation of paradigms for conducting Chinese self-teaching
research and provide directions for future investigations.
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Introduction

Orthographic learning refers to the acquisition and development of knowledge about
written word forms, encompassing both word-specific orthographic representa-
tions and general writing system patterns (Siegel et al., 1995). With practice and
experience, learners accumulate a substantial repertoire of written word forms and
develop their own mental lexicon, gradually becoming fluent readers (Share, 2008).
Therefore, orthographic learning is fundamentally important for reading and literacy
acquisition. For example, if English learners master generalizable phoneme-graph-
eme correspondence rules, morphology, and etymological systems, they can easily
decode and spell almost all words (Bowers & Bowers, 2017). As a morpho-syllabic
language, Chinese demonstrates less consistent grapheme-phoneme correspondence
rules, with fewer than 40% of Chinese characters containing phonetic components
directly linked to pronunciation (Leong et al., 2011). However, Chinese characters
exhibit a stronger connection between form and meaning, particularly as transparent
semantic radicals are more closely tied to orthographic codes (Tong et al., 2017).
For instance, characters containing the radical “/K” (wood) are typically associated
with trees or wood-related meanings, such as in “#” (tree), “#” (maple), and “#”
(willow). Given the fundamental differences between alphabetic and non-alphabetic
languages, it is crucial to assess the applicability of the prominent orthographic learn-
ing theory—self-teaching hypothesis—to the early reading development of Chinese
learners.

Different from existing reviews of orthographic learning via self-teaching that are
mainly based on studies of alphabetic languages (e.g., Li & Wang, 2023; Nation &
Castles, 2017; Share, 2008), this research links self-teaching with the intrinsic char-
acteristics of Chinese as a morphosyllabic language. Specifically, it examines unique
internal and external word factors in Chinese self-teaching, including Zhuyin/Pinyin,
phonetic radicals, and semantic radicals, through a combined approach of systematic
review and meta-analysis. The findings of this research will not only provide insights
into the mechanisms of Chinese orthographic learning but also inform the devel-
opment of targeted instructional strategies for educators, addressing the increasing
global demand for effective approaches to Chinese language acquisition.

Theoretical background: the self-teaching hypothesis

The Self-Teaching Hypothesis, first introduced by Jorm and Share (1983), is widely
regarded as one of the most influential theories in reading development, particularly
in relation to orthographic learning. According to this hypothesis, self-teaching is a
process through which learners independently acquire new words and orthographic
patterns during reading, without requiring explicit instruction (Share, 1995). Subse-
quently, Share (1999) established a foundational paradigm for self-teaching research.
Typically, participants are required to independently read short texts containing tar-
get pseudowords that are exposed multiple times. Following the independent read-
ing task, participants complete orthographic choice tasks, spelling tests, and other
assessments (e.g., naming tasks) to enable researchers to evaluate the effects of ortho-
graphic learning via self-teaching. In addition to employing behavioral tasks to assess
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the outcomes of orthographic learning, the application of eye-tracking technology
to investigate the learning process has gained increasing popularity across various
languages in recent years (e.g., Ginestet et al., 2021; Han et al., 2024; Li, 2020b). As
proposed by Nation and Castles (2017), eye movement data can provide not only a
continuous index of processing time and a partial, incremental estimate of learning
but also demonstrate strong ecological validity. For example, as new words become
more familiar, learners typically exhibit shorter fixation durations on these words
(e.g., He, 2021; Li, 2020b; Li et al., 2019; Xiang, 2023).

The self-teaching hypothesis is characterized by four key features: item-based
learning, where each word undergoes a progression from unfamiliarity to familiarity
for the reader, with different words potentially existing at various stages of devel-
opment simultaneously; lexicalization, where phonological recoding is viewed as a
developmental process, and as word recognition becomes modularized, contextual
support is no longer necessary; early onset, which suggests that even rudimentary
decoding skills can suffice to establish initial or partial orthographic representations;
and phonological-primary, orthographic-secondary, which posits that while phono-
logical recoding provides the opportunity for self-teaching, it does not guarantee that
orthographic learning will occur (Share, 2008).

Over the past three decades, the self-teaching hypothesis has been validated across
a wide range of languages, including English, Spanish, Hebrew, French, Dutch, and
Chinese, thereby establishing itself as a universal theory (Li & Wang, 2023). More-
over, self-teaching exhibits different characteristics among various types of language
learners. For example, due to adults’ more extensive prior orthographic knowledge,
they are more adept at utilizing lexicalized decoding than children (Lien, 2017).
Biliterate children exhibit a partial advantage in initial decoding and orthographic
learning relative to their monolingual counterparts (Schwartz et al., 2014). While
substantial experimental research has been conducted within the self-teaching frame-
work, research examining its application to Chinese reading, particularly among dif-
ferent types of learners (e.g., adults vs children, dyslexic vs typically developing,
monolingual vs multilingual), remains conspicuously limited (e.g., Liu, 2018).

Three self-teaching mechanisms: phonological recoding, context, and spelling

Phonological recoding, spelling, and context are three self-teaching mechanisms that
enable learners to develop the orthographic knowledge necessary for skilled reading
(Share, 2008). Tucker et al. (2016) further investigated the mechanisms underlying
orthographic learning within the self-teaching paradigm and concluded that ortho-
graphic learning is primarily driven by a decoding-based self-teaching mechanism.
This mechanism begins with word-specific learning and subsequently enables the
transfer of orthographic knowledge to both morphologically related words and ortho-
graphically similar words.

Phonological recoding

Phonological recoding (or decoding), defined as the ability to translate unfamiliar
printed words into their corresponding spoken forms, is a fundamental mechanism
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in the acquisition of orthographic representations (Share, 1995, 2008). By directing
attention to orthographic details and facilitating print-to-sound mappings, this process
supports the development of precise and fully unitized orthographic representations,
which are essential for achieving rapid and automatized word recognition (Shahar-
Yames & Share, 2008). To examine the role of phonological recoding, Share (1999)
conducted four experiments in Hebrew to eliminate the influence of pure visual expo-
sure and other non-phonological factors. The results confirmed that word-specific
orthographic representations are primarily acquired through self-teaching opportuni-
ties that occur during the phonological recoding of novel words. A computational
model based on the dual-route cascaded model (ST-DRC) further demonstrates that
self-teaching effectively enables the learning of monosyllabic words using basic
grapheme-phoneme rules suitable for beginning readers (Pritchard et al., 2018). Sub-
sequently, an increasing number of studies conducted in alphabetic languages have
validated the critical role of phonological recoding in orthographic learning (e.g.,
Chrabaszcz et al., 2023). It is noteworthy that phonological recoding is not limited to
reading aloud. Some studies indicate that self-teaching occurs through phonological
recoding even during silent reading (e.g., Bowey & Muller, 2005; Bowey & Miller,
2007; Ketabi et al., 2012). However, reading aloud currently appears to result in bet-
ter recognition and recall of pseudowords (e.g., Chrabaszcz et al., 2023; Lien, 2017).
Unlike alphabetic writing systems, where each letter contributes to a word’s pro-
nunciation, the pronunciation of Chinese characters is primarily determined by the
phonetic radical—a component of Chinese semantic-phonetic compound characters
that provides word-internal phonological cues (Ho & Bryant, 1997). For example,
the phonetic radical “7 (qing)” indicates pronunciation in “J& (qing)”. In addition to
these word-internal cues, Chinese also employs word-external phonological coding
systems, such as Pinyin (i.e., a phonological coding system that uses Roman letters
and tone markings to represent phonemes in spoken Chinese) and Zhuyin (i.e., a
phonetic script used primarily in Taiwan, composed of elements derived from ancient
Chinese characters). For example, the Zhuyin symbols for “% and “J&” are “{ |
L., Accordingly, it is crucial to conduct a meta-analysis to examine the extent to
which these three potential types of Chinese (Mandarin) phonological recoding—
phonetic radicals, Pinyin, and Zhuyin—contribute to orthographic learning.

Context

Contextual information plays a supplementary role in the self-teaching process by
compensating for partial or incomplete decoding due to limited skills or specific
word properties (Li & Wang, 2023; Share, 1995). However, Share (2008) noted that
while context can facilitate identify hard-to-decode words, it may lead learners to
over-rely on contextual cues, neglecting orthographic details. A considerable body
of research in English has examined the impact of contextual information on ortho-
graphic learning, focusing on variables such as the presence or absence of context in
reading materials, the use of scrambled text, and whether helpful context is provided
(e.g., Cunningham, 2006; Ricketts et al., 2008; Wang et al., 2011). For example,
Wang et al. (2011) found that context had no significant influence on regular items
but facilitated learning of irregular items, reinforcing the secondary role of context
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in English orthographic learning. Although Chinese characters contain semantic cues
within their structure, further investigation is needed to determine if contextual infor-
mation similarly affects orthographic learning in Chinese.

Spelling

Spelling is believed to contribute more effectively to orthographic learning than
decoding, as it requires more attention to orthographic details, which demands
greater time and cognitive effort (Shahar-Yames & Share, 2008). This view is sup-
ported by empirical evidence. For example, Conrad et al. (2019) found that English-
speaking children in the spelling group outperformed those in the reading group in
both naming tasks and spelling production tasks. Similarly, Ouellette (2010) reported
comparable findings, further highlighting the facilitative role of spelling in English
orthographic learning.

However, the basic graphic unit in Chinese differs significantly from that in alpha-
betic languages. Taking English as an example, the basic graphic unit is the graph-
eme, which represents the smallest unit of written language corresponding to sound
(Ehri, 2013). In contrast, the basic graphic unit in Chinese comprises square-shaped
characters made up of strokes that are neither phonetic nor inherently meaning-
ful (Shu et al., 2003). Additionally, there is no direct correspondence between the
written form and pronunciation of Chinese characters. The language also includes
homophones and polyphonic characters, such as “47” (pronounced as xing or hang),
where “xing” can also be represented by other characters like “J&” or “%” fur-
ther increasing the complexity of learning Chinese orthography. In essence, spelling
English words enhances learners’ sensitivity to grapheme-phoneme correspondences,
thereby facilitating orthographic learning. By comparison, the method commonly
employed to measure Chinese spelling through dictation prioritizes the processing
of visual information. Therefore, investigating whether a spelling mechanism exists
in Chinese, and whether it manifests through character writing or Pinyin writing, is
essential for evaluating the applicability of the self-teaching hypothesis to Chinese
orthographic learning.

In summary, the unique characteristics of Chinese orthography, including its
reliance on visual processing, the complexity of characters, and the interplay of
word-internal and word-external factors, necessitate further exploration into how
self-teaching operates in non-alphabetic languages.

Potential underlying mechanisms of Chinese self-teaching

As outlined earlier, Chinese characters serve as the fundamental units of the Chi-
nese writing system. These characters are composed of strokes or stroke patterns and
can be categorized into simple characters and compound characters. Notably, over
80% of Chinese characters fall into the category of compound characters, which are
typically composed of a phonetic radical and a semantic radical (Shu et al., 2003).
The regular phonetic radical provides phonological cues about the character’s pro-
nunciation, while the transparent semantic radical offers clues about the character’s
semantic category (Ho et al., 2003). According to Shu et al. (2003), semantically
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transparent characters account for approximately 50-70% of the characters learned
by primary school students from grades one to six. When factoring in the frequency
of character usage, semantically transparent characters comprise about 30-50% of
the total.

As the semantic radical is a unique orthographic component directly associated
with meaning, its role in Chinese orthographic learning has sparked significant aca-
demic interest and debate (e.g., Li, 2020b; Li et al., 2021; Han et al., 2024). For
example, building on the self-teaching hypothesis, Li et al. (2021) proposed a poten-
tial mechanism of semantic decoding in Chinese. Similar to phonological recoding,
this mechanism is believed to support orthographic learning by linking meaning to
orthography. However, their behavioral experiments with native-speaking children
revealed that, despite a positive trend in the data, semantic decoding did not appear
to function as a self-teaching mechanism or even as a compensatory mechanism to
phonological recoding in facilitating orthographic learning. In contrast, Han et al.
(2024) conducted a study with adult Uyghur L2 Chinese learners and found that
although these learners were unable to complete phonological decoding, they could
rapidly activate the lexical-semantic pathway while swiftly suppressing the phono-
logical decoding process. Conversely, when phonological decoding was successful,
they were able to rapidly activate the lexical-phonological-semantic pathway.

Given the various controversies in previous studies, there is a need for exploring
potential new mechanisms of self-teaching in the context of the Chinese language.
This will represent an important step toward achieving a globally inclusive, non-
ethnocentric approach to reading across diverse linguistic features (Share, 2025).

The present study

Over the past decade, there has been a notable increase in empirical studies inves-
tigating Chinese orthographic learning within the framework of the self-teaching
paradigm (e.g., Li et al., 2016; Liu, 2018; Xiang, 2023). However, no meta-analysis
has been conducted to systematically and comprehensively examine the Chinese
self-teaching hypothesis. Specifically, there remains a lack of clarity regarding the
conceptualization of the Chinese self-teaching hypothesis, the operationalization
of its research paradigm, and the extent to which various factors influence Chinese
orthographic learning. In addition, with the continuous refinement of experimental
designs and the advancement of psycholinguistic methodologies, new questions have
emerged. For instance, does the mode of presenting pseudowords influence test out-
comes? Should eye-tracking technology be incorporated to further elucidate?

This research involves a comprehensive meta-analytic review to integrate the
conceptual and methodological features of the self-teaching hypothesis with the lin-
guistic characteristics of Chinese. Its goal is to deepen the understanding of Chinese
orthographic learning via self-teaching by addressing the following three research
questions:

1. How has Chinese orthographic learning via self-teaching been defined and oper-
ationalized in the selected studies?
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2. To what extent is orthographic learning affected by word-internal and word-
external factors (e.g., context, orthographic complexity, Zhuyin/Pinyin, phonetic
radicals, and semantic radicals)?

3. Are there any additional moderating effects of age, the method of phonological
recoding (reading aloud vs reading silently vs reading with eye tracking), and
the presentation of target characters (single-character words vs two-character
words vs two-character words including two target characters vs three-character
phrases vs mixed) on Chinese orthographic learning?

Methods
Inclusion criteria
This review included primary research that:

Was written in English or Chinese between 1995 and 2024.

Cited or extended the self-teaching hypothesis proposed by Share (1995).

Included both the independent learning phase and the post-test phase.

Involved participants who were either Chinese native speakers or L2 Chinese

learners, without any learning or reading disabilities.

e Reported measurements of Chinese orthographic learning outcomes (e.g., ortho-
graphic choice, character writing test).

e Provided sample size and data necessary for calculating Hedges’g, including ef-

fect sizes, means, and standard deviations.

Literature search

The literature search was conducted in three phases. First, we used the terms “self-
teaching” AND “orthographic learning” to search in Google Scholar and Web of
Science. Second, the terms “H “#{B it (zixué jidshud, self-teaching)” AND “id]jl
Fet: 3145 (cihui yinxing xidé, incidental vocabulary acquisition)” were searched in
the China National Knowledge Infrastructure (CNKI). Third, references from recent
systematic review studies were examined (e.g., Li & Wang, 2023). As of December
1, 2024, a total of 1694 studies were identified. Finally, after screening with the inclu-
sion criteria, 13 studies with 26 independent experiments were selected for subse-
quent analysis (see Fig. 1). Among these, six studies were peer-reviewed articles, five
were doctoral dissertations, one was a master’s thesis, and one was a preprint paper.
All selected studies investigating the effects of different variables on orthographic
learning employed random assignment methods. Only one study (i.e., Liu, 2018)
reported self-teaching reliability information. We also examined potential publica-
tion bias by analyzing the funnel plots (see Figs. 1, 2, 3 and 4 in Online Appendix 2),
yet did not find any noticeable bias.
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Fig. 1 Literature search and study screening

Coding of effect sizes and moderator variables in meta-analysis

To explore the impact of word internal and external factors on orthographic learning,
we included studies that examined the effects of context, orthographic complexity
(i.e., the number of strokes), Zhuyin/Pinyin, phonetic radicals, or semantic radicals
on orthographic learning. Li (2020a) was excluded from the meta-analysis because
it focused on the predictive role of children’s vocabulary knowledge in orthographic
learning. Given the typically small sample sizes of these studies, we calculated
Hedges’ g, 95% confidence intervals (CI), variance, and standard errors using the
means, standard deviations, sample sizes, and other convertible statistics provided
in each experiment. Additionally, due to the complexity of Chinese character visual
forms, this study coded orthographic choice and character writing as distinct vari-
ables. For studies that included repeated post-tests, only data from the immediate test
were recorded. In studies conducted in both interference and normal contexts (Li et
al., 2020b), only data from the normal context were recorded.
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Moderator variables were primarily coded based on three factors: age, the meth-
ods of phonological recoding, and the presentation of target characters. Age was rep-
resented by the average age reported for each sample. The methods of phonological
recoding were categorized into silent reading (e.g., Li et al., 2021), reading aloud
(e.g., Liu, 2018), and reading with eye tracking (e.g., Li, 2020b). Since only one
experiment in Li et al. (2021) employed the silent reading method, we removed it
from subsequent moderator analysis and meta-regression.

Given that lexical compounding is the predominant method of word formation in
Chinese, and that two-character and multi-character words constitute over 90% of the
vocabulary in modern Chinese (Huang et al., 2023; Tong et al., 2017), the question
of how to present novel words in reading materials through various lexical forms is
a distinctive issue in Chinese. Current empirical studies on Chinese orthographic
learning through self-teaching address this issue with diverse considerations in the
design of reading materials. However, a consensus on which presentation method is
the most effective has yet to be established. The presentation of target characters in
this meta-analysis was categorized into four types. The first type is single-character
words, which refer to the target word appearing as a single character, such as #£ in
Xiang (2023). The second type is two-character words, which refer to the target word
presented in a two-character combination, where the other character is a real word,
such as 4 ## in Ho (2014). Given that approximately 70% of vocabulary in Chinese
consists of two-character words (Huang et al., 2023), presenting target characters
within two-character words closely resembles natural reading conditions in Chinese.
The third type is two-character words including two target characters, which indicate
that both target words are combined into a single two-character word, such as ¢
in Li et al. (2020b). The fourth type is three-character phrases, which mean that the
target word is presented as part of a three-character phrase, with the other two char-
acters being real words, for example, 444 in Li et al. (2019).

All coding and analyses in this study were conducted using Comprehensive Meta-
Analysis (CMA) software Version 3.0 (https://zh.meta-analysis.com/) and Microsoft
Excel. Complete coding details are available in the Appendix.

Meta-analytic procedures

Due to the lack of studies examining Pinyin as a variable and reporting its effect size,
this study focused on five key variables and organized the samples into five distinct
subgroups: (1) context, (2) orthographic complexity, (3) Zhuyin, (4) phonetic radi-
cals, and (5) semantic radicals. In Table 1, we presented the sample size and availabil-
ity of post-test data for each subgroup. According to Valentine et al. (2010), even with
only two studies, a meta-analysis can detect medium effect sizes if the sample size is
sufficient (n>30 per study). Therefore, we analyzed the impact of word-internal and
external factors on orthographic learning within each subgroup, excluding character
writing in the context and orthographic complexity subgroups.

Before proceeding with the analysis, we identified and removed outliers using the
criteria outlined by Viechtbauer and Cheung (2010) (absolute standardized residu-
als>3.0). Specifically, two outliers from Li et al. (2022) and the third experiment
from Ho (2014) were excluded from the semantic radical subgroup, which had stan-
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Table 1 Subgroup posttest data overview

Study subgroups Sample size Posttest

Orthographic choice Character writing
Context
Liu (2018-2) novice 25 N/A N/A
Liu (2018-2) intermediate 31 N/A N/A
Liu (2018-2) advanced 16 N/A N/A
Li et al. (2020b) 67 v d
Xiang (2023-2) 120 v N/A
Orthographic complexity
He (2021-1-1) 44 J N/A
He (2021-1-2) 40 v N/A
Zhuyin
Ho (2014-1) 40 v N
Li et al. (2018) Zhuyin 79 RN N
Phonetic radical
Ho (2014-2) 22 v v
Liu (2018-1) 45 v N/A
Li et al. (2018) phonetic radicals 79 v N
Li et al. (2020b) 64 v N
Liet al. (2021) 92 v v
Liet al. (2022) 34 v N
Li (2020b) 67 v N
Semantic radical
Ho (2014-4) 20 v v
Lietal. (2019-1) 25 v d
Li et al. (2019-2) 16 v N
Li et al. (2020a) 22 v d
He (2021-3) 40 v N/A
Li et al. (2021) 92 \ «J
Li et al. (2022) 34 v N
Li et al. (2020b) 67 v J
Liu (2018-1) 45 v N/A
He (2021-4-2) 69 \ N/A
He (2021-4-1) 72 v N/A
Xiang (2023-1) 113 v N/A
Xiang (2023-2) 120 \ N/A
Ho (2014-3) 20 v N
Li (2020b) 64 v V

dardized residuals of 4.54 and 3.28, respectively. Following the guidance of Ke et al.
(2021) and Borenstein et al. (2009), considering the characteristics of the published
literature, we employed random-effects models rather than fixed-effect models for
our analyses. Additionally, to examine the variability of effect sizes between primary
studies, we conducted a heterogeneity test.
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Results

In this section, we first summarized the conceptualization and operationalization of
Chinese orthographic learning through self-teaching. Next, we presented group find-
ings on the impact of word-internal and word-external factors on orthographic learn-
ing, assessed through orthographic choice and character writing tests. Finally, we
analyzed the moderator effects related to age, the presentation of target characters,
and the methods of phonological recoding.

Definitions and operationalizations of Chinese orthographic learning in selected
studies

To address RQ1, we initially reviewed the main characteristics of 13 studies com-
prising 26 independent samples (N=1403). The majority of the studies focused on
native Chinese speakers, with only one study examining L2 Chinese learners (i.c.,
Liu, 2018), comprising European Americans, Hispanic Americans, and Asian Ameri-
cans. Additionally, eight studies targeted children, with a mean age ranging from 8 to
10 years old (e.g., Ho, 2014; Li et al., 2016; 2022), while five focused on adults, with
a mean age ranging from 19 to 26 years old (e.g., He, 2021; Liu, 2018; Xiang, 2023).
Sample sizes were generally larger in studies involving native Chinese-speaking
adults, with the largest sample consisting of 120 participants (Xiang, 2023). Other
studies had sample sizes below 100, with the smallest being 16 participants (Li et al.,
2019). Regarding research locations, six studies were conducted in Mainland China
(e.g., He, 2021; Li et al., 2016, 2020a), four in Taiwan (e.g., Ho, 2014; Li et al., 2018,
2021), and three in the United States and Australia (e.g., Li, 2020b; Li et al., 2019;
Liu, 2018).

Secondly, we compiled definitions of Chinese orthographic learning via self-
teaching from existing perspectives. Ho (2014) defined orthographic learning as “the
process by which children commit word forms to memory” (p. ii), while Liu (2018)
described it as “the transition from mapping printed words with their oral forms to
recognizing them as individual lexical units” (p. 11). Additionally, Li et al. (2022)
defined orthographic learning via self-teaching as a process where “children can
teach themselves new written words by independently reading aloud texts” (p. 20).
However, to the best of our knowledge, a clear definition of Chinese orthographic
learning via self-teaching has not been established. Existing research does offer valu-
able insights for conceptualizing this process. For example, Ho (2014) suggested that
“the internal structural properties of Chinese characters, along with sublexical pho-
nology and semantics, allow developing readers to self-teach Chinese orthographic
forms” (p. ii). Drawing from previous studies, we define Chinese orthographic learn-
ing via self-teaching as a development process by which learners acquire and inter-
nalize the orthographic representations of Chinese characters through independent
reading, leveraging phonological recoding and sublexical semantic cues.

Thirdly, we examined the methodological characteristics of research on Chinese
self-teaching (see in Table 2). In the pre-test phase, six studies opted not to conduct
background assessments, as participants shared similar ages, educational stages, and
recent school Chinese test results, indicating comparable linguistic abilities (e.g., Li,
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Table 2 Typical research methods in Chinese orthographic learning via self-teaching

Pre-test phase Orthographic learning phase Posttest phase

Character recognition (k=7) Reading aloud (k=8) Orthographic choice (k=13)
Radical knowledge (k=2) Reading with eye tracking (k=4) Character writing (k=10)
Spoken vocabulary (k=1) Read silently (k=1) Semantic related task (k=7)
Non-verbal intelligence (k=1) Decoding recall (k=1)

N/A (k=6)

k=the number of studies

2020b; Li et al., 2016; Xiang, 2023). More researchers adopted the character recog-
nition task to control for learners’ general character reading ability (e.g., Li et al.,
2020a, 2021, 2022). Some studies also measured learner’s radical knowledge, spoken
vocabulary, and non-verbal intelligence (e.g., Li et al., 2018; 2021; Liu, 2018).

During the orthographic learning phase, all studies except Liu’s (2018) Experi-
ment Two focused on orthographic learning through reading stories. Most studies
utilized expository texts containing approximately 100 characters as reading material
(e.g., Ho, 2014; Liet al., 2016, 2019). The target characters were typically repeated 4
to 6 times within these texts (e.g., Li et al., 2018, 2019, 2021). Participants engaged
with a minimum of 8 texts (e.g., He, 2021; Li et al., 2020a) and up to 16 texts (e.g.,
Li et al., 2019; Liu, 2018). Notably, an increasing number of studies have adopted
eye tracking technology to explore learning processes (e.g., He, 2021; Li et al., 2019;
Xiang, 2023). This approach allows researchers to examine both early word pro-
cessing, measured through indicators such as skipping rate, first fixation duration,
gaze duration, and re-fixation probability, and late semantic integration, assessed via
regression probabilities, number of fixations, and total fixation duration across differ-
ent experimental conditions (Xiang, 2023).

In the posttest phase, orthographic choice and spelling tests are commonly used to
assess orthographic learning outcomes. Additionally, semantic-related tasks, includ-
ing semantic production, semantic category judgment, and definition tasks, are prev-
alent in Chinese self-teaching research (e.g., Li, 2020b; Li et al., 2019; Liu, 2018).
Compared to English, implementing spelling (character writing) tests in Chinese
self-teaching research is more intricate due to the complexity of Chinese characters
and their phonetic components. For example, Li et al. (2016) prompted participants
to retell the story content without providing the pronunciation of the target charac-
ters, whereas Li et al. (2021) provided only the pronunciation. Ho, (2014) employed
a method similar to Share (2004), first indicating the story theme, then providing
the initial consonants of the target characters, and finally offering the complete
pronunciation.

Finally, we summarized the mechanisms of Chinese orthographic learning as pre-
sented in various studies (see Table 3). Empirical evidence supports the crucial role
of phonological recoding via self-teaching (e.g., Ho, 2014; Li et al., 2020a, 2020b).
Phonetic radicals are widely regarded as the primary means of phonological recod-
ing in Chinese characters, rather than external phonetic symbols (Ho, 2014; Li et al.,
2018). Importantly, semantic radicals play a significant role in Chinese orthographic
learning, with factors such as semantic category, consistency, and transparency mark-
edly influencing the effectiveness of orthographic learning for Chinese learners (e.g.,
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Table 3 Mechanisms of Chinese orthographic learning in selected studies

Study name

Viewpoints

Ho (2014)

Lietal. (2016)

Liu (2018)

Lietal. (2018)
Lietal. (2019)
Li et al. (2020a)

Li et al. (2020b)

He (2021)

Lietal. (2021)
Li (2020a)

Li (2020b)

Li etal. (2022)
Xiang (2023)

Zhuyin is not conducive to orthographic learning, whereas those with phonetic

and semantic cues significantly contribute to it. Although the impact of semantic
transparency is not significant, the trend is positive.

Chinese orthographic learning via self-teaching is influenced by the structure of
Chinese characters and the familiarity of radicals.

L2 Chinese learners were able to use the phonetic regularity and semantic transpar-
ency of radicals to learn the spellings and pronunciations of new characters in a
story context.

After examining phonetic radicals and Zhuyin, they found that only the phonetic
radicals facilitated orthographic learning.

Semantic decoding does not affect the reading of novel compound characters in
orthographic learning, but it assists in learning semantics.

Phonological recoding, semantic information, and writing practice may jointly con-
tribute to orthographic learning.

Phonological recoding plays a key role in orthographic learning. Regular phonetic
radicals facilitate phonology-orthography associations, while transparent radicals
support semantic-orthography mapping.

Both semantic transparency and category consistency of semantic radicals affect
orthographic learning via self-teaching.

Decoding through phonetic radicals underpins Chinese orthographic learning.

Oral vocabulary learning was significantly associated with orthographic learning
and the reading of pseudo-characters in natural text.

Semantic and phonological knowledge impact orthographic learning in natural text,
with semantic knowledge affecting it independently of phonological knowledge.
Transparent semantic radicals facilitated orthographic and vocabulary learning.
Readers use semantic radicals to construct lexical representations and determine

the semantic category. When radicals are opaque, they rely on contextual informa-
tion to infer meaning.

He, 2021; Li et al., 2020a; Liu, 2018). However, as we mentioned in the introduction,
semantic decoding is considered not to influence the reading of novel compound
characters in natural texts or orthographic learning (Li et al., 2019, 2021). This raises
the question of how semantic radicals contribute to the orthographic learning of Chi-
nese learners, which remains an area for further investigation.

Effects of word-internal and word-external factors on orthographic learning

We first reported the effect of context and orthographic complexity on orthographic
learning, measured by orthographic choice. The analysis revealed that the effects
were not statistically significant. In the context subgroup, Hedges’s g=0.05, k=2,
95% CI [-0.18, 0.27], z = 0.41, p=0.683. The heterogeneity analysis indicated no
significant variation among the samples, 0=0.77, p=0.379, I? = 0.00%, 7°> = 0.00.
(as illustrated in Table 3; Fig. 2). In the orthographic complexity subgroup, Hedges’s
2=0.14, k=2, 95% CI [-0.16, 0.44], z=0.92, p=0.357. The heterogenecity analysis
indicated no significant variation in effect sizes across samples, 0=0.07, p=0.793, I?
=0.00%, 72=0.00 (as illustrated in Table 4; Fig. 3).

Second, the effect of Zhuyin on orthographic learning was also found to be
nonsignificant. In the orthographic choice test, Hedges’s g=—0.12, k=2, 95% CI
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower Upper

'] error  Variance  limit  limit ZValue p-Value
Lietal. (2020 b) -0.141 0.242 0058 -0615 0.333 -0.584 0.560
Xiang (2023-2) 0.100 0.129 0.017 -0.153 0.352 0774 0.439

0.046 0.114 0013 -0.176 0.269 0.409 0.683

-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Fig. 2 Forest plot for the effect of context measuring by orthographic choice. Note. The results for the
overall mean effect are given in the last line

Table 4 Mean effect size for groups measuring by orthographic choice

Subgroup k*  Hedges’ g z Q test’ (%) = Ad- No. of
[95% CI] ») ») justed  trimmed
Hedg- studies
es’ g°
Context 2 0.05 0.41 0.77 0.00 000 - 0
[-0.18,0.27] (0.683) (0.379)
Orthographic 2 0.14 0.92 0.07 0.00 000 - 0
complexity [-0.16, 0.44] (0.357)  (0.793)
Zhuyin 2 -0.12 -0.265 7.86 87.28 035 - 0
[-0.99, 0.76] (0.791)  (0.005)
Phonetic radical 7 0.89 2.81 89.80 9332 0.63 - 0
[0.27,1.51] (0.005) (<0.001)
Semantic radical 15 041 3.14 77.96 82.04 0.19 0.18 To right
[0.15, 0.66] (0.002) (<0.001) [0.04, of mean
033] (k=2)

*Number of independently samples
Heterogeneity test
CAfter trim and fill (random-effects model)

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance limit limit ZValue p-Value
He (2021-1-1) 0.180 0.212 0045 -0236 0595 0847 0397
He (2021-1-2) 0.099 0.222 0.049 -0.335 0533 0447 0655

0.141 0.153 0.023 -0.159 0441 0.921 0.357

Favours A Favours B

Fig. 3 Forest plot for the effect of orthographic complexity measuring by orthographic choice. Note.
The results for the overall mean effect are given in the last line
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower Upper

] error Variance  limit limit Z-Value p-Value
Ho (2014-1) -0.565 0.226 0.051 -1.008 -0.122 -2501 0.012
Li etal. (2018) Zhuyin 0.328 0.224 0.050 -0.112 0.767 1.460 0.144 —

-0.118 0.446 0199 -0993 0756 -0.265 0.791 o

-1.00 0.50 0.00 0.50 1.00
Favours A Favours B

Fig. 4 Forest plot for the effect of Zhuyin measuring by orthographic choice. Note. The results for the
overall mean effect are given in the last line

Table 5 Mean effect size for groups measuring by character writing

Subgroup Kk? Hedges’ g [95% CI] © z (p) Q test® 1A(%) ©
(12)

Zhuyin 2 0.28 1.25 3.86 74.08 0.08
[-0.16,0.71] 0.211) (0.050)

Phonetic radical 6 0.97 4.54 24.72 79.77 0.20
[0.55,1.39] (<0.001) (<0.001)

Semantic radical 9 0.55 2.52 49.21 83.74 0.32
[0.12,0.97] 0.012) (<0.001)

“Number of independently samples
Heterogeneity test

CAfter trim and fill (random-effects model)

Study name Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower Upper

] error Variance  limit limit Z-Value p-Value
Ho (2014-1) 0.556 0.226 0.051 0.114 0.999 2463 0.014
Li etal. (2018) Zhuyin 0.102 0.050 0.002 0.005 0.200 2054 0.040

0.276 0.221 0.049 -0.157 0.708 1.249 0211

-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Fig. 5 Forest plot for the effect of Zhuyin measuring by character writing. Nofe. The results for the
overall mean effect are given in the last line

[-0.99, 0.76], z=—0.265, p=0.791. There was significant heterogeneity in effect
size, 0=17.86, p=0.005, I* = 87.28%, > = 0.35. (as illustrated in Table 4; Fig. 4). In
the character writing test, Hedges’s g=0.28, k=2, 95% CI [-0.16, 0.71], z=1.25,
p=0.211. The heterogeneity analysis also showed significant variation, 0=3.86,
p=0.050, 1= 74.08%, 2= 0.08. (as illustrated in Table 5; Fig. 5).

Third, the effect of phonetic radicals on orthographic learning was found to be
significant, exhibiting a large effect size. According to Cohen’s guidelines, Hedges’
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper

] error Variance  limit limit Z-Value p-Value
Ho (2014-2) 1.095 0.442 0.196 0228 1.961 2475 0.013
Liu (2018-1) 1.295 0.323 0.104 0662 1928 4.007 0.000 —
Li etal. (2018) radical 2014 0.164 0.027 1691 2336 12255 0.000
Li etal. (2020 b) 1.185 0.186 0.035 0819 1550 6.355 0.000 —
Li etal. (2021) 0.606 0.150 0023 0312 0901 4036  0.000 ——
Lietal. (2022) 0.067 0.335 0112 -0590 0724 0.200 0.841 —
Li (2020b) -0.061 0.176 0.031 -0.406 0284 -0.347 0.729

0887 0316 0100 0268 1506 2809  0.005 et

-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Meta Analysis

Fig. 6 Forest plot for the effect of phonetic radicals measuring by orthographic choice. Note. The re-
sults for the overall mean effect are given in the last line

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
[} error Variance  limit limit Z-Value p-Value
Ho (2014-2) 2617 0.569 0324 1502 3733 4598 0.000
Li etal. (2018) radical 1534 0.283 0.080 0980 2087 5427 0.000
Li etal. (2020 b) 0.703 0.177 0.031 0356 1.050 3.970 0.000
Li etal. (2021) 1.006 0.156 0.024 0700 1311 6.450 0.000
Lietal. (2022) 0.446 0.339 0115 -0219 1.110 1313 0.189
Li (2020b) 0.410 0.178 0.032 0062 0758 2307 0.021

0.974 0.215 0.046 0553 1394 4538 0.000

Favours A Favours B

Fig. 7 Forest plot for the effect of phonetic radicals measuring by character writing. Note. The results
for the overall mean effect are given in the last line

g values of 0.20, 0.50, and 0.80 correspond to small, medium, and large effect sizes,
respectively (Lakens, 2013). In the orthographic choice test, Hedges’s g=0.89, k=7,
95% CI[0.27, 1.51], z=2.81, p=0.005. The heterogeneity analysis indicated signifi-
cant variation among the samples, 0=89.80, p<0.001, I? = 93.32%, 72 = 0.63. (as
illustrated in Table 4; Fig. 6). In the character writing test, Hedges’s g=0.97, k=6,
95% CI [0.55, 1.39], z=4.54, p<0.001. The heterogeneity analysis also indicated
significant variation, 0=24.72, p<0.001, I? = 79.77%, > = 0.20. (as illustrated in
Table 5; Fig. 7).

Lastly, the effect of semantic radicals on orthographic learning was analyzed. We
found a small yet significant effect size (Lakens, 2013) in the orthographic choice
test (Hedges’s g=0.18, k=13, 95% CI [0.04, 0.33], z=2.54, p=0.011). There was
no significant heterogeneity in effect size among the samples (0=20.50, p=0.058,
I?’=41.47%, v>= 0.03) (as illustrated in Table 4; Fig. 8). The effect size was medium
and significant in the character writing test (Hedges’s g=0.55, k=9, 95% CI [0.12,
0.97], z=2.52, p=0.012). The heterogeneity analysis indicated significant variation
(0=49.21, p<0.001, I? = 83.74%, 2= 0.32) (as illustrated in Table 5; Fig. 9).
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Study name _Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower Upper

'] error Variance  limit limit Z-Value p-Value
Ho (2014-4) 0.449 0434 0.189 -0.402 1300 1.035 0.301 ul
Lietal (2019-1) 0.079 0.279 0.078 -0467 0625 0.283 0.777 L
Lietal (2019-2) 0.000 0.345 0119 -0675 0675 0.000 1.000
Lietal. (2020 a) 0.285 0.298 0.089 -0.299 0.868 0.956 0.339 -
He (2021-3) -0.198 0.222 0.049 -0633 0237 -0.892 0.372 L
Lietal. (2021) 0.074 0.147 0022 -0214 0362 0.502 0615
Li etal. (2020 b) 0.040 0.172 0.030 -0.297 0.376 0.231 0.817 :t
Liu (2018-1) 1.077 0.314 0.099 0461 1.693 3.429 0.001
He (2021-4-2) 0.410 0.171 0.029 0.074 0745 2395 0.017 ——
He (2021-4-1) 0.469 0.168 0.028 0.139 0798 2788 0.005 —a—
Xiang (2023-1) 0.000 0.133 0.018 -0.260 0.260 0.000 1.000
Xiang (2023-2) 0.210 0.129 0.017 -0.043 0462 1.625 0.104
Li (2020b) 0.029 0.176 0.031 -0315 0374 0.166 0.868

0.184 0.072 0.005 0.042 0326 2542 0.011 ’

-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Fig. 8 Forest plot for the effect of semantic radicals measuring by orthographic choice. Note. The re-
sults for the overall mean effect are given in the last line

Study name Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower Upper

'] error Variance limit limit Z-Value p-Value
Ho (2014-4) 0.659 0.441 0194 -0205 1523 1496  0.135 —l—
Lietal (2019-1) -0.022 0.278 0.078 -0568 0523 -0.080 0.936
Lietal. (2019-2) 0.084 0.345 0119 -0592 0.760 0.243 0.808 : 3
Lietal. (2020 a) 0.281 0.298 0.089 -0.303 0864 0.943 0.346 —
Lietal. (2021) 0.080 0.147 0022 -0208 0.368 0.543 0.587
Lietal. (2022) 2510 0.453 0.205 1623 3397 5.546 0.000
Lietal. (2020 b) -0.170 0.172 0.030 -0507 0168 -0.987 0.324
Ho (2014-3) 2234 0.555 0.308 1146 3322 4.024 0.000
Li (2020b) 0512 0.179 0.032 0162 0862 2867 0.004

0.547 0.217 0.047 0121 0974 2517 0.012

-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Fig. 9 Forest plot for the effect of semantic radicals measuring by character writing. Note. The results
for the overall mean effect are given in the last line

In summary, to answer the RQ2, the findings revealed that both phonetic and
semantic radicals significantly influenced orthographic learning, whether measured
through orthographic choice or character writing. Specifically, phonetic radicals
exhibited a larger effect size.

The moderating effects of age, the presentation of target characters, and the
methods of phonological recoding

According to Borenstein et al. (2021), a minimum of 10 studies is required to detect
moderators with adequate power, particularly when heterogeneity is present. There-
fore, the moderator analysis was conducted only within the semantic radical sub-
group measured by orthographic choice. First, we calculated the moderating effect
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by subgroup analysis. Results shown in Table 6 suggested that both the presentation
of target characters and the method of phonological recoding had significant effects
on the relationship between semantic radicals and orthographic learning (z=2.31,
p=0.021;z=2.37, p=0.018, respectively).

In subsequent meta-regression analysis, age was entered first, followed by the
presentation of target characters and the method of phonological recoding. As illus-
trated in Model 1 in Table 7, age did not have a significant moderating effect. In
Model 2, when the presentation of target characters was entered after age, the two
could explain around 76% of the variance (R?=0.76, O (4)=10.11, p=0.039). In
Model 3, the method of phonological recoding had an additional significant effect,
accounting for about 6% of variance over and above the presentation of target char-
acters (R>=0.84, O (5)=12.00, p=0.035). According to the results of the moderator
analysis and meta-regression analysis, employing two-character words to represent
a single target character (Hedges’s g=0.84) is more effective in facilitating ortho-
graphic learning. Additionally, reading aloud (Hedges’s g=0.42) demonstrates supe-
rior effectiveness compared to reading with eye tracking (Hedges’s g=0.15).

In summary, in response to RQ3, we conducted moderator subgroup and meta-
regression analyses, revealing that the presentation of target characters and the meth-
ods of phonological recoding significantly moderated the effects of semantic radicals
on orthographic learning. The finding underscores the importance of considering
methodological approaches in future research on orthographic learning.

Table 6 Moderator analysis for the effect of semantic radicals on orthographic learning

Moderator Moderator variable k* Hedg- 95% CI Q test®
es’s g ®)
The presentation of target characters Single-character 2 011 [-0.10, 0.31]
words ¢
Three-character 4 0.05 [-0.14, 0.25]
phrases

Two-character words 2 0.84 [0.24, 1.43]

Two-character words 5 021 [-0.03, 0.46]
including two target

characters

Overall 13 0.14 [0.02,0.26]  6.35
(0.096)

The methods of phonological recoding Reading aloud 4 042 [-0.06, 0.90]

Reading with eye 8 0.15 [-0.00, 0.31]

tracking

Overall 12 0.18 [0.03,0.33] 1.11
(0.293)

*Number of independent samples
®Heterogeneity test

“Some are presented as single characters, while others are embedded in two-character words
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Table 7 Meta-regression analysis results with age, the presentation of target characters, and the methods
of phonological recoding as covariates for the effect of semantic radicals on Chinese orthographic learning

Covariate Hedg- SE z(p) 95% CI
es’s g
Model 1 (R?=0.00, O (1)=0.05, p=0.823)
Intercept 0.267 0.304 0.88(0.190) [—0.328,0.862]
Age —0.003 0.015 -0.22 [-0.033, 0.026]
(0.412)
Model 2 (R?=0.76, O (4)=10.11, p=0.039)
Intercept —0.340 0.342 —-0.99 [-1.011, 0.330]
(0.160)
Age 0.022  0.016 1.38(0.084) [—0.009,0.053]
Target character: three-character words (vs single —0.178 0.201 —0.88 [-0.572,0.216]
character words) (0.188)

Target character: two-character words (vs single ~ 0.853  0.295 2.89(0.002) [0.275, 1.432]
character)

Target character: two-character words including 0.206  0.160 1.29(0.099) [-0.108,0.519]
two target characters (vs single character)
Model 3 (R?=0.84, O (5)=12.00, p=0.035)

Intercept —0.680 0435 -1.56 [-1.533,0.173]
(0.059)

Age 0.071  0.044 1.61(0.053) [-0.015,0.157]

Target character: three-character words (vs single —0.420 0.281 —1.50 [-0.969, 0.130]
character words) (0.067)

Target character: two-character words (vs single ~ 0.423  0.466 0.91(0.182) [-0.490, 1.336]
character)

Target character: two-character words including 0.179  0.155 1.15(0.124) [-0.125, 0.482]
two target characters (vs single character)

Phonological recoding: reading with eye tracking —0.663 0.560 —1.19 [-1.760, 0.434]
(vs read aloud) (0.118)
Discussion

The present study systematically (a) explored the definition and operationalization
of Chinese orthographic self-teaching, (b) examined the effects of word-internal and
word-external factors on orthographic learning, and (c) investigated the moderat-
ing effects of age, the presentation of target words, and the method of phonological
recoding. The main findings were as follows:

(1) Inthe selected studies, there has been an inconsistent definition of Chinese ortho-
graphic learning, and some researchers did not provide any definition. A three-
phase paradigm with pre-learning, learning, and post-learning phases has been
widely adopted in the selected studies. Yet, they also varied significantly in terms
of the specific mechanisms (i.e., the use of phonetic radicals, the use of semantic
radicals, Zhuyin, context, spelling) under examination.

(2) For the orthographic choice outcome, both phonetic radicals (Hedges’s g=0.89,
z=2.81, p=0.005) and semantic radicals (Hedges’s g=0.18, z=2.54, p=0.011)
demonstrated significant effects. Similar patterns were observed in character
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writing tasks (phonetic radicals: Hedges’s g=0.97, z=4.54, p<0.001; semantic
radicals: Hedges’s g=0.55, z=2.52, p=0.012).

(3) Moderator analyses focusing on the semantic radical effect revealed no sig-
nificant moderating effects of participants’ age (z=—0.22, p=0.412). However,
significant moderating effects were identified for the presentation of target char-
acters (z=2.31, p=0.021) and the methods of phonological recoding (z=2.37,
p=0.018). Meta-regression analysis showed that the model incorporating these
two moderators could explain 84% of the variance in the outcomes.

The definition and operationalization of orthographic learning via self-teaching
in Chinese

We propose that Chinese orthographic learning via self-teaching can be conceptual-
ized as a developmental process in which learners acquire and internalize the ortho-
graphic representations of Chinese character words through independent reading,
utilizing phonological recoding and sublexical semantic cues. Furthermore, the meta-
analytic findings suggested that both phonetic and semantic radicals played crucial
roles in Chinese self-teaching, the weight of phonetic radicals was greater, whereas
no significant effect was observed for the utilization of context. This discrepancy
could be due to the fact that regular phonetic radicals provided precise phonologi-
cal information for pronouncing Chinese characters, whereas transparent semantic
radicals offered only semantic category cues, requiring more complex cognitive pro-
cessing for interpretation (Ho & Bryant, 1997; Shu & Anderson, 1997). Additionally,
contextual information does not always unambiguously point to a specific character.
In cases where phonological decoding fails, semantic radicals may serve as a more
effective supplementary mechanism compared to contextual cues (Xiang, 2023).

However, the relative weights between phonetical radicals versus semantic radi-
cals in Chinese orthographic learning remain a topic of debate. For instance, both
Li et al. (2019) and Xiang (2023) observed that while the transparency and category
consistency effects of semantic radicals were significant during the early stages of
learning, these effects diminished as learners’ lexical representations became more
integrated after several exposures. They proposed two hypotheses: (1) the effects of
semantic transparency may be influenced by phonological processes, and (2) present-
ing new words in a sentential context may lead learners to rely more on contextual
cues, thereby paying less attention to semantic radicals. In contrast, other studies that
manipulated phonological recoding have suggested that transparent radicals support
semantic-orthographic mapping and exert a stronger influence on learning the phono-
logical forms of irregular characters (e.g., Li et al., 2020b; Liu, 2018).

As noted above, there is a lack of standardized methodologies in existing research
on Chinese orthographic learning through self-teaching. While the majority of stud-
ies employed the three-phase testing paradigm, methodological inconsistencies were
particularly evident in the orthographic learning process, including variations in text
length, differences in the presentation of target words, and significant disparities in
the frequency of target word exposure. For example, Xiang (2023) required native
adults to read 16 short stories, each approximately 200 words in length, with novel
words exposed 9 times. In contrast, Ho (2014) examined Chinese orthographic learn-
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ing among native children, requiring them to read aloud 10 short stories, each around
120 words long, with novel words presented only 4 times in the control group. Even
experimental designs targeting similar types of Chinese learners exhibit discrepan-
cies. For instance, like Xiang (2023), Li et al. (2019) also utilized eye tracking to
explore the learning processes of native adults; however, participants were required
to read 16 stories, each approximately 120 words long, with novel words exposed
only 5 times. Taken together, these issues leave the question of whether a unique
mechanism underpins Chinese orthographic learning unresolved, underscoring the
need for future research to design and implement more systematic and rigorous
behavioral experiments focusing on Chinese learners from diverse backgrounds.

Word internal and external factors in Chinese orthographic learning

Phonological recoding has been widely recognized as a fundamental mechanism in
Chinese orthographic learning, as evidenced by the empirical studies reviewed in
this paper. Notably, decoding through phonetic radicals serves as a cornerstone of
Chinese orthographic acquisition (Li et al., 2021). However, it is surprising that little
research to date has explored the impact of phonological recoding via Pinyin or a
combination of Pinyin and phonetic radicals on orthographic learning within the self-
teaching paradigm. In a study focusing on adult Chinese native speakers, Chen et al.
(2019) demonstrated that Pinyin input can activate sublexical character orthography.
This finding underscores the importance of investigating whether Pinyin could serve
as an alternative pathway for phonological recoding among Chinese learners.
Moreover, research on the role and applicability of context and spelling mecha-
nisms in Chinese orthographic learning remains notably limited. Specifically, the
context subgroup included only three studies: two examining the presence or absence
of context (Li et al., 2020b; Liu, 2018), and one investigating the strength of context
(Xiang, 2023). Consequently, whether contextual information serves as a supplemen-
tary mechanism to phonological recoding in Chinese orthographic learning requires
further exploration. Regrettably, no studies have directly investigated the spelling
mechanism, which may be attributed to the challenges associated with the spelling
pathway. Beyond the three major mechanisms, compared to self-teaching studies in
other languages (as noted by Li & Wang, 2023), research on Chinese has paid rela-
tively little attention to the complexity of its orthography. For example, to the best
of our knowledge, although two independent samples have used stroke count as a
variable (He, 2021), no studies have yet explored the structural features of Chinese
characters or the usage of stroke patterns. While previous research has provided valu-
able insights, it has also raised numerous questions that warrant further investigation.

Moderator effects on Chinese orthographic learning

According to the moderator analysis, the presentation of two-character words con-
taining a target character has a significant positive moderating effect on the relation-
ship between semantic radicals and orthographic learning. Previous studies, such as
those by Ho (2014) and Liu (2018), adopted this presentation format by combining a
target pseudo-character with a high-frequency real character to form a grammatically
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valid two-character word. This approach is highly consistent with the characteristics
of Chinese vocabulary, as two-character words are the most common word length in
modern Chinese. For example, in the Chinese Lexical Database introduced by Sun et
al. (2018), approximately 70% of the words are two-character words. Some studies
use two-character words comprising two target characters (e.g., He, 2021; Li et al.,
2020a, 2020b). However, new words formed by unfamiliar characters do not exist in
the reader’s mental lexicon, requiring learners to repeatedly focus on internal features
for character-by-character decoding. This increases learning difficulty but offers the
advantage of better retention due to the higher cognitive resources consumed during
learning (He, 2021).

Additionally, our findings indicated that silent reading under the eye-tracking
condition exhibited a smaller effect than reading aloud on the association between
semantic radicals and orthographic learning. While a recent systematic review by Li
and Wang (2023) on self-teaching across different writing systems found no signifi-
cant differences in learning outcomes between self-teaching through silent reading
and reading aloud, the original self-teaching hypothesis and subsequent empirical
research have demonstrated that reading aloud leads to better recognition and recall
of pseudowords compared to silent reading (e.g., Chrabaszcz et al., 2023; Lien, 2017,
Rosenthal & Ehri, 2011). Chrabaszcz et al. (2023) elucidated the superior ortho-
graphic learning performance observed when reading pseudowords aloud by sug-
gesting that oral reading allows individuals to extract more detailed phonological
and orthographic information. This process facilitates the creation of interconnected
representations that integrate orthography, phonology, and semantics, potentially
enhancing the retention of new words in memory. Consequently, this study posits that
reading aloud may help learners focus more on word-specific orthographic informa-
tion, thereby facilitating orthographic learning more effectively.

However, this meta-analysis did not find a significant moderating effect of age. In
other words, based on the existing empirical research, the contribution of semantic
radicals to Chinese orthography is not influenced by age. As mentioned above, age
differences primarily manifest in the richness of reading experience. Reading expe-
rience is crucial, as exposure to print provides the dynamic database from which
learners can extract statistics and build their own nuanced lexical knowledge (Nation
& Castles, 2017). According to the participant information provided by the selected
studies (see Online Appendix 1), only the participants in Liu (2018) were intermedi-
ate to advanced L2 Chinese learners, with an average age of 19.84, while the others
were L1 Chinese speakers. Among them, the youngest participants were second-
grade Taiwanese children with an average age of 8.17 (Ho, 2014). The result seemed
to suggest that the use of semantic radicals in Chinese orthographic learning is con-
sistently facilitative for different age groups. We also acknowledge that perhaps due
to the moderate sample pool, age effect was not detected. Moderator analysis of age
as a critical factor should be replicated in future meta-analysis with a larger sample
pool.
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Pedagogical implications

Based on the findings of the meta-analysis, this paper presents the following pedagog-
ical implications. Firstly, both phonetic radicals and semantic radicals significantly
contribute to Chinese orthographic learning, underscoring the importance of acquir-
ing radical knowledge. Educators are encouraged to employ multimedia strategies
to assist learners in accumulating essential radical knowledge, which includes clear
structural information about Chinese characters, vivid and detailed meanings and
pronunciations of components, as well as established rules for combining radicals
(Chen et al., 2013). Learners should make efforts to leverage their existing knowl-
edge of radicals to infer the meanings and pronunciations of new Chinese characters
during their daily reading activities. Research has shown that when learners achieve
a certain level of vocabulary, their prior experiences in learning Chinese can facili-
tate the acquisition of new characters (Zhang et al., 2016). Furthermore, to enhance
students’ focus and enable them to extract more detailed phonetic and graphic infor-
mation during reading, Chinese language teachers should assign reading aloud tasks
both in the classroom and as homework. These tasks can be complemented with
progressively challenging activities, such as word recognition and character writing,
to reinforce the retention of new vocabulary in students’ long-term memory.

Conclusions, limitations and future directions

In this meta-analysis of Chinese orthographic learning through self-teaching, we have
confirmed the central roles of phonological recoding via phonetic radicals and the use
of semantic cues via semantic radicals. However, there are several limitations that
need to be addressed in future research. First, the small sample size limited our ability
to conduct more detailed subgroup analyses. For example, with a sufficient number
of independent samples, the semantic radical subgroup could be further divided into
categories such as transparency, consistency, and presence or absence. Such distinc-
tions would provide deeper insights into the contributions of both intra-word and
extra-word factors to orthographic learning. Second, this study did not account for
individual differences among participants. Current research primarily focuses on
native Chinese-speaking adults and children, with only one study (i.e., Liu, 2018)
examining adult L2 Chinese learners. Individual differences in these Chinese learn-
ers, particularly in their perception of Chinese characters and their use of Pinyin, may
influence the specific mechanisms underlying their orthographic learning.

Our findings underscore the need for systematic investigations to advance the
understanding of Chinese orthographic acquisition. Three fundamental questions
warrant particular attention: (a) whether Pinyin functions as a secondary form of pho-
nological recoding, (b) the mechanistic contributions of semantic radicals, and (c) the
development and empirical validation of the spelling mechanism in Chinese. Beyond
these theoretical questions, critical methodological considerations arise regarding
optimal learning conditions, including the most effective presentation formats for
reading materials, lexical-level effects on character retention, the impact of exposure
frequency on new word acquisition, and testing reliability. Lastly, we invite future
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research to extend self-teaching hypothesis in Chinese and to further explore the
unique characteristics of Chinese orthographic acquisition.
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