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The interaction of orthography,
phonology and semantics in the
process of second language
learners’ Chinese character
production

Linlin Zhang and Hongbing Xing*

Institute on Educational Policy and Evaluation of International Students, Beijing Language and Culture
University, Beijing, China

Theories of connectionism emphasize the mappings of orthography, phonology,
and semantics in the process of word recognition and production. Chinese has a
logographic writing system, which is markedly different from alphabetic languages.
The current study investigated how orthography, phonology, and semantics
contribute to Chinese character production among Chinese as a second language
(CSL) learners. This study collected 33,856 Chinese characters in a sample of 2,116
CSL learners with 7 diverse L1s. ANOVA was conducted to examine the effect
of Chinese character error type on 7 L1s and three Chinese proficiency levels.
The results of ANOVA revealed that successful CSL learners’ Chinese character
production was derived from connections between orthography, semantics, and
phonology. Semantics, especially the orthography-semantics connection, was the
key point for production skills. Furthermore, connectionist models of languages
rather than language distance affected production. These findings indicate that
Chinese character production is associated with not only orthographic knowledge
but also representation mechanisms of orthography, phonology, and semantics
between different language writing systems. The results contribute to a better
understanding of literacy skills in CSL learners. Future research could further
address how CSL learners transform perceptive skills into production skills and
the correlation between reading and writing skills by examining and controlling
other important cognitive variables.

Chinese character production, connectionism, orthography, phonology, semantics

Introduction

Literacy skills consist of the two components of reading and writing, and both are held to
be necessary for successful language acquisition. Chinese, which is written with an inventory of
thousands of Chinese characters (or hanzi), is usually considered a logography, a system in
which the basic writing units correspond to units of meaning (i.e., morphemes; Perfetti and Tan,
1998; Tan et al., 2001; Sung and Wu, 2011; Kuo et al., 2015). This is largely different from
alphabetic languages where a smaller inventory of 20-40 semantically devoid symbols (i.e.,
letters) correspond to sounds and word recognition is driven by grapheme-to-phoneme
conversion rules (Shen, 2005; Loh et al., 2018; Li et al., 2021). Chinese characters are themselves
composed in a semi-regular fashion of components that often suggest semantic and/or phonetic
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characteristics of the morpheme. However, it is never the case in
Chinese that a phonetic component maps onto a subsyllabic
phonological representation in the way that a letter maps onto a
substring of a word’s phonological form in an alphabetic system
(Perfetti et al., 2005). The Chinese character system presents an
interesting conundrum to traditional letter-processing-based models
of word recognition and production, especially for Chinese as a
second language (CSL) learners (Williams and Bever, 2010; Loh et al.,
2018; Chai and Ma, 2022).

While many studies have shown that writing is strongly
correlated with reading acquisition among native Chinese learners
(Pak et al., 2005; Chan et al., 2006; Zhang and Reilly, 2015) and CSL
learners (Guan et al., 2011; Xu et al., 2013), they are two different
cognitive activities. Reading involves accessing meaning by
decoding printed words, while writing involves producing printed
words via phonological and semantic representation (Zhang and
Roberts, 2021a,b). Contradictory findings on the writing-on-
reading effect have been reported (Bi et al., 2009; Zhai and Fischer-
Baum, 2019). As argued elsewhere (Ke, 1996; Ke, 1998), successful
recognition of a character could occur when enough graphic details
of a character match those of a character existing in memory; for
character production, however, one must have complete knowledge
of the character and then transform that knowledge into motor
skills. Briefly, partial information can lead to recognition, but total
mastery of the character is required for accurate production.
Chinese character production involves not only central processes
underlying conceptual preparation, lexical selection, and
orthographic access but also peripheral processes of motor
programming and actual writing execution (Baxter and Warrington,
1986; Van Galen, 1991; Wang et al., 2020). Frequency-related
factors (Kandel and Perret, 2015; Qu et al., 2016), semantic variables
(Coltheart et al., 1988), and phonological variables (Afonso and
Alvarez, 2011) have been shown to be important factors in
transcoding semantic information into orthographic output.
However, compared with perceptive skills, production skills have
been somewhat ignored by CSL researchers (Zhang, 2014). While
some research has been carried out on the relationship between
Chinese character recognition and production (Ke, 1996), on how
learners process Chinese orthographic units (Everson and Ke,
1997), on learning strategies (Sung and Wu, 2011), on stroke orders
(Zhang, 2014; Chang et al., 2015), on psycholinguistic variables
(Wang et al., 2019), on phonological awareness (Zhang and Roberts,
2021a,b), and on mechanisms underlying production (Guan et al.,
2021), the analyses do not specifically address the issue of how the
three variables of orthography, phonology and semantics connect
in the production process and whether CSL learners’ language
backgrounds and Chinese proficiency levels affect production.
Thus, this study addresses the effects of orthographic, phonological,
and semantic processing in the production of Chinese characters by
CSL learners through big data from a national CSL proficiency test,
Hanyu Shuiping Kaoshi (HSK), to further explore whether the
productive errors that learners make are semantically oriented or
of the

developmental errors learners make producing Chinese characters.

phonologically oriented and what characteristics
The findings of the present study will add to our understanding of
the connectionist model of character production, which can provide
the foundation to examine the brain mechanisms underlying the
acquisition of writing abilities in CSL learners.
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Literature review

The literature review consists of three sections. The first section
focuses on connections of orthography, phonology and semantics of
Chinese characters, the second section deals with orthographic,
phonological and semantic knowledge in Chinese children and the
third section deals with the knowledge of orthography, phonology and
semantics among CSL learners. The research questions were put
forward after the literature review.

Connections of orthography, phonology
and semantics of Chinese characters

The mental lexicon model of Chinese characters consists of
connections of orthography, phonology, and semantics, among which
connection strength and connection direction play important roles
during cognitive processing (Li, 2002; Chang et al., 2015; McBride,
2016). The representation of characters has two bidirectional
pathways, the first being directly connected from orthography to
phonology and semantics, and the other being indirect access through
components, phonetic radicals, and semantic radicals (Chen and
1994; Ventura et al., 2007).
phonological, and semantic information at both radical and character

Peng, Moreover, orthographic,
levels could be activated simultaneously (Zhou and Marslen-Wilson,
1999). Thus, a complex sublexical system of Chinese characters is
established, forming multiple connection networks. Xing (2016)
constructed a neural network model of Chinese compound characters
via distributed representation analysis, finding that there was a
symbolic distribution of orthography-phonology and orthography-
semantics connections in the brain (Dayhoff, 1991; Fausett, 1994;
Anderson, 1995).

Orthography-phonology connection of
Chinese characters

In logographic writing systems such as Chinese, the orthography-
phonology connection is bidirectional, and the activation can be from
phonology to orthography, or vice versa (Song et al., 1995; Shu et al,
2008). However, the connection strength of the two directions is not
entirely equal. Taking the character “f#” (pronounced “bo2,” majestic)
(all numbers indicate tones) as an example, the connection from
orthography to phonology is strong and easy to extract, while access
to orthography from phonology is difficult to activate. In addition to
the analysis of connection strength, connection frequency has been
used to further explore the correspondence between orthography and
phonology (Worlton, 2014; Li et al.,, 2018). In Chinese, not only is
there a lot of homophony—several characters share a given
pronunciation, but many Chinese characters can be read with a
variable number of pronunciations. This means that the orthography-
phonology connection can be multinodal (Shu and Zhang, 1987; Van
Orden and Goldinger, 1994; Shu et al.,, 1998). In other words, the same
syllable including tone can be represented by distinct characters and
have completely different meanings (Kuo et al., 2015). For example,
the syllable “bal” has a multinodal connection with characters such
as “J\ “BEL7 “Ei) and “M” (all pronounced “bal”), while the

<« //f4 »

character is only connected with two syllables (pronounced
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“xing2) capable and “hang2” line) (Xing, 2020). While the
orthography-phonology connection is less reliable in the Chinese
writing system, phonetic radical awareness, the knowledge of and the
ability to manipulate the functional and positional information of
phonetic radicals play an important part in the development of
Chinese literacy (Zhang and Roberts, 2019).

Although there is no direct mapping between phonology and
orthography in Chinese characters, the orthography-phonology
connection can be described from the perspective of phonetic radicals
(Shu et al., 1993; Zhang and Roberts, 2019). The phonetic radicals
indicate the pronunciation of a character, and the reliability with
which orthography corresponds with its phonology may be described
in two ways: regularity and consistency (Fang et al., 1986; Hue, 1992;
Shu et al., 2000a). Regularity denotes the degree to which the
pronunciation of a character matches that of its phonetic radical (Lin
and Collins, 2012). Consistency is defined as the degree to which a set
of characters with the same phonetic radical share the same
pronunciation, regardless of whether the phonetic radicals
pronunciation is the same or differs from that of the character (Fang
etal., 1986). Like regularity, the consistency of Chinese characters has
been found to influence speed and accuracy in character naming (Lee
et al,, 2004; Shu and Wu, 2006). Some eye tracking studies showed
facilitation of phonological access for consistent over inconsistent
Chinese characters (Tsai et al., 2004; Pan et al., 2021). While the
orthography-phonology connection is less reliable in the Chinese
writing system, phonetic radical awareness, the knowledge of and the
ability to manipulate the functional and positional information of
phonetic radicals play an important part in the development of
Chinese literacy (Zhang and Roberts, 2019).

Orthography-semantics connection of
Chinese characters

Chinese characters are not formed by letters as in alphabetic
languages; rather, they represent morphemes, which in turn form
words (Shen and Ke, 2007). Morphemes are flexible in use and
complex in systems (Nagy et al., 2002; Huang and Liao, 2017). Thus,
the orthography-semantics connection may be even more complex
than in English, and it can be described from the standpoint of
polysemy, synonymy and semantic radicals. The first, polysemy, means
a word carrying two or more meanings, forming multidimensional
connections between orthography and semantics. For example, the
word “TR”
distance from top to bottom or from inside to outside, depth,

(pronounced “shenl”) carries many meanings, such as large

profound, very, and long time from the beginning. Moreover, the
connection strength is determined by frequency, forming the dynamic
distribution relationship and frequency knowledge of polysemy.
Synonymy implies that the same meaning can be manifested by
different words. To illustrate, “Z40” (pronounced “jial fu4”), “4PE”
(pronounced “ling4 zun1”), “A23” (pronounced “fu4 qin1”), “ET 5"
(pronounced “ba4 ba”), “¥%Z£” (pronounced “lao3 diel”) all refer to
“father”

Semantic radicals imply the meaning of a character. Characters
sharing the same radicals are usually related in meaning and fall
into the same semantic category (Tong et al., 2009; Kuo et al., 2015).
According to whether a character is semantically transparent or
opaque, the characters are divided into radical-transparent and
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radical-opaque characters. The meaning of a transparent character
is directly related to the meaning of its semantic radical (Hsiao
etal, 2007). For example, the characters “H (pronounced “shu4,”
tree), “#K” (pronounced “lin2;” forest) share the same radical “A”
(pronounced “mu4,” wood). In contrast, the meaning of an opaque
character is not directly related to the meaning of its semantic

«oHE»

radical. For example, the character “#%” (pronounced “yan4,
swallow) does not contain the radical “%” (pronounced “niao3,”
bird) and is, therefore, an opaque character. The knowledge of
semantic radicals and their orthographic functions plays an
important role in the process of character recognition and
production. Some studies provide strong evidence supporting this
demonstration (Feldman and Siok, 1999; Taft and Chung, 1999; Yan
etal, 2012; Wong, 2017). Shen (2000) investigated the role of the
knowledge of radicals and its relation to both character recognition
and character production among beginning and intermediate
college learners of Chinese and found that semantic radicals served
as processing units and learners’ radical knowledge affects character
learning. Yan et al. (2012) reported a larger semantic priming effect
from radical-transparent characters

than opaque during

sentence reading.

Orthographic knowledge of Chinese
characters

Chinese characters are constructed via three orthographic
tiers: strokes, components and whole characters (Shen, 2005; Loh
et al., 2018). Some studies have noted that stroke order (Zhang,
2014), the number of strokes (Just and Carpenter, 1987), and the
number of stroke patterns (Chen and Liu, 2000) could affect
Chinese character recognition and production. The components
refer to the smallest stroke patterns that can be recursively used
as a meaningful unit to form a character (Taft and Zhu, 1997; Loh
et al., 2018). Shi (2021) demonstrated that the frequency
knowledge of components, manifested as the connection
knowledge between the attributes of components and composed
characters, was the core of orthography. The combination rules of
components make Chinese orthography more complicated
because most components are placed in different positions across
characters, and some components only reside in specific positions
(Loh et al., 2018). To illustrate, the component “Z” [female] can
appear on both the left side (such as “U¢” [mother], “47”[good])
and the right side (such as “}%” [make up], “¥&”[you]), while the
component “7 ” [water] only resides on the left side (such as “
f§”[sea]), and the component “ 1]” [knife] only appear on the
right side (such as “&!|”[sword]). In addition, the components are
different from the radicals that cue the meaning or pronunciation
of characters. For instance, the character “/£” (pronounced “ye4,
bright) contains three components: “/K” [fire], “/t.” [change] and
“+” [ten], but only the component “/K” is related to the meaning
of the whole character and classified as a radical. The third tier,
whole character, can be categorized into two types: simple and
compound characters (e.g., “%” [woman] and “¥%”[mother])
(Sung and Wu, 2011; Loh et al., 2018). The frequency knowledge
of compound characters is more complex, as the frequency
distribution of the component combination mode, component
function and position regularity may all differ.
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Orthographic, phonological and semantic
knowledge in Chinese children

Considerable research has been carried out on the recognition of
Chinese characters, focusing on how orthographic, phonological, and
semantic properties are activated to lead to visual recognition (Shen,
2005; Tong and Yip, 2015; Zhang H. et al., 2020). The dual route model
to lexical recognition has been proposed to explain the visual
presentation of a character, that is, the first being indirect through
recognition of the word’s phonology, and the other being direct access
between orthography and semantic category (Zhou and Marslen-
Wilson, 1999; Williams and Bever, 2010). Phonological information
mediates access to meaning in Chinese, and phonological activation
occurs earlier than semantic activation during word reading (Tan and
Perfetti, 1997; Perfetti and Tan, 1998). In contrast, there is much
evidence suggesting that character meaning can be directly accessed
from orthography (Chen et al., 1995; Zhou and Marslen-Wilson, 1999,
2000; Zhou et al., 1999; Chen and Shu, 2001; Zhang H. et al., 2020).
For example, Zhou et al. (1999) revealed that phonology had no
inherently privileged role over orthography in constraining semantic
activation. Eye-tracking evidence was also in favor of the direct route,
reporting that semantic information was available very early (Pan
et al,, 2020), and that semantic priming was earlier and larger than
phonological priming in Chinese (Yan et al., 2009; Pan et al., 2022).
Shu et al. (2005) argued that the dual route model failed to explain the
oral reading of Chinese characters because oral reading in Chinese
involved contact with lexical representations as well as sublexical
units. At the same time, a different view of the triangle model has been
developed by Seidenberg and McClelland (1989), who noted that
reading involved concurrent orthographic, phonological and semantic
processing, all linked via two bidirectional pathways. Given that the
mappings between semantics and orthography are more systematic in
Chinese than the mappings between orthography and phonology, the
orthography-semantics connection is much more reliable. A study of
automatic semantic influence on early visual word recognition
reflected this unique process of Chinese reading (Wang et al., 2019).

Existing research studies have explored development of
orthographic knowledge in Chinese native children. For instance, .oh
et al. (2018) showed that Chinese children tended to notice the
components at a very early age and researchers have paid more
attention to position regularity awareness development (Chan and
Nunes, 1998; Pak et al., 2005; Anderson et al., 2013). However, the
knowledge of character structure has not yet been extensively studied
in existing research (Yeh and Li, 2002). Phonological awareness and
phonetic radical awareness are both important type of metalinguistic
processing skills in character recognition for native Chinese speakers
(Shu et al,, 2000b), and the former is mediated by the latter (Ho and
Bryant, 1997). While phonological awareness did not significantly
predict the children’s performance in character writing (Zhang and
Roberts, 2019), the contribution of phonetic radical awareness to
character writing has been documented in a study by Yin and McBride
(2015). Given the importance of phonology and semantics in Chinese
Characters, more researchers have explored the relationship of
phonology and semantics with other skills (Zhao et al., 2012; Ye et al,
2021). For instance, Mcbride-Chang et al. (2005) tested three different
visual skills, along with Chinese character recognition, vocabulary,
speeded naming, and syllable deletion skills twice over one school year
among 118 Hong Kong and 96 Xiangtan, China kindergartners. The
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results suggested a bidirectional association of visual skills with
Chinese character acquisition across scripts. Wang et al. (2018)
explored how semantic radicals in Chinese characters facilitate
hierarchical ~ category-based  induction and  provided
electrophysiological evidence that semantic radicals may improve

sensitivity to distinguish between hierarchical concepts.

Orthographic, phonological and semantic
knowledge among CSL learners

There has also been increasing interest in conducting research on
the acquisition of the Chinese orthographic system by CSL learners,
focusing on four key themes: teaching and learning strategies, the
teaching of recognition and production study, character knowledge
and awareness, and computer-assisted language learning (Yeh et al.,
2003; Shen, 2005; Allen, 2008; Sung and Wu, 2011; Ye, 2013; Ke, 1996;
McBride, 2016 Li, 2020). Many studies have examined the
development of CSL learners’ acquisition of orthographic knowledge
(Shi, 1999; Shi, 2000; Loh et al., 2018), such as radical awareness (Shen
and Ke, 2007; Kuo et al.,, 2015; Tong and Yip, 2015; Wong, 2017),
phonological awareness (Zhang and Roberts, 2019, 2021a,b; Wang
et al., 2020), position regularity (Wang et al., 2003, 2004), and stroke
order (Zhang, 2014; Chang et al., 2015). For instance, Zhang and
Roberts (2019) explored the different roles that phonological
awareness and phonetic radical awareness played in the development
of character literacy skills with English and Arabic CSL learners,
finding that the learners’ phonological awareness, but not their
phonetic radical awareness, predicted the acquisition of character
reading and writing skills. Nonetheless, Chinese character acquisition
is a process of learning the connections of orthography, phonology,
and semantics, which relies more on the correspondence between
orthography and semantics. Moreover, orthographic knowledge
differs from linguistic properties (e.g., semantic or phonetic clues),
whereas previous studies tended to mix the effects of the two, making
it difficult to separate the role of orthographic knowledge from
functional information (Tong and McBride, 2014; Loh et al., 2018).

Language backgrounds play important role in the processing of
Chinese characters. There have been analyses of the individual
characteristics of learners from different language backgrounds (e,
1998; Zhang, 2008; Li et al., 2014; Zhang, 2016; Zhang and Roberts,
2019). For instance, Sung and Wu (2011) investigated factors
influencing the learning of Chinese characters and an interactive effect
was found among gender, language background, and previous foreign
language learning experiences on strategies of paying attention to the
characters. Chai and Ma (2022) revealed the role of cultural
background in the relationships between Chinese handwriting and
reading comprehension. This may reflect the influence of first
language orthographic experience on second language decoding and
word learning (Jiang, 2003; Hamada and Koda, 2008; Lin and Collins,
2012; Tong et al.,, 2016; Zhang and Roberts, 2021a,b). However,
whether LI-L2 orthographic distance influences performance
differences and facilitates L2 word recognition, as argued by Koda
(1996), requires further research. In addition to the language
background, developmental characteristics or Chinese proficiency
levels of CSL learners also affect the acquisition of characters (Yeh
etal, 2003; Liet al., 2014). For instance, Li et al. (2014) claimed that
with the improvement of proficiency levels, the orthographic
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awareness of foreign students would be developed accordingly. This
study explore whether the productive errors that learners make are
semantically oriented or phonologically oriented and what
characteristics of the developmental errors learners make producing
Chinese characters. Error analysis was employed to analyze learners’
mistakes in second language learning and to help second language
teachers develop theories of language teaching and learning to achieve
effective instruction (Schumann and Stenson, 1975; Leki, 1991; Ellis,
1994; Xiao, 2002). For instance, Lee (1997) described an investigation
into ESL students’ performance in error correction in writing and
discussed the pedagogical implications which arise from the study.
And it was found that students’ major difficulty in error correction lied
in their failure to detect errors rather than the lack of knowledge. As
these errors did not occur by chance but, rather, by reason (Corder,
1967), they were systematic and may represent either a transitional
stage in the development of a grammatical rule or the final stage of the
speakers’ knowledge. Thus, analysis of the error type was necessary to
explore the productive errors in Chinese characters.

The current study

The current study focuses on the effects of orthographic,
phonological, and semantic processing in the production of Chinese
characters by CSL learners. Specifically, the study explores whether
language backgrounds and Chinese proficiency levels interact with
productive errors of Chinese characters. The following research
questions guide the present investigation:

(1) Does orthography-semantics connection plays a more
important role than orthography-phonology connection and
orthographic knowledge in Chinese character production?

(2) Is there any difference in the processing of orthography,
phonology and semantics of Chinese characters by CSL
learners with different language backgrounds?

Materials and methods
Participants

This study selected CSL learners from a large-scale database,
containing information on examinees who participated in the HSK
test at various locations in China in 2008, 2009, and 2010. A total
of 2,271 participants who took part in seven sets of the HSK
Elementary-Intermediate test were selected, 18 participants with
blank answer cards and 137 Arabic participants were excluded due
to the small number of participants. The participants came from 82
countries distributed in 10 language backgrounds (Japanese,
Korean, Russian, English, Mongolian, Thai, German, Spanish,
Arabic, French). German, French and Spanish were merged into
European language due to the small number of participants. Thus,
a total of 2,116 CSL learners with 7 language backgrounds were
selected to participate in this study. The proficiency levels were
identified on the report card after each examination. The study
merged Elementary C and Elementary B Chinese proficiency levels
to low level, Elementary A and Intermediate C Chinese proficiency
levels to middle level, Intermediate B and Intermediate A to high
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level. The learners in each language background group were
distributed over three different levels of Chinese proficiency: low
level, middle level and high level.

HSK Chinese character writing proficiency
test (elementary-intermediate)

The HSK (short for “Hanyu Shuiping Kaoshi” and literally
translating to Chinese Proficiency Test) is the most widespread
standardized test for assessing the Chinese proficiency of nonnative
speakers. The HSK (Elementary-Intermediate) consists of four
subtests (i.e., listening [50 items], grammar structure [30 items],
reading [50 items], and cloze [40 items]) for a total of 170 items. Of
these, items 1-154 are multiple choices, and items 155-170 are fill-in-
the-blanks (Chai and Ma, 2022). This study focused on the results of
the character writing part of the cloze section. This part mainly
examined students’ orthographic competence and their mastery of
lexical words and writing in Chinese as an L2. Test-takers filled in 16
blanks (one point per blank) in the orthography section with
appropriate and correct handwritten Chinese characters based on
three to four supplied passages. The cloze section lasted for 30 min
(Chai and Ma, 2022). The sample test in the second part of the HSK
reading test is shown in Figure 1.

Materials

Each set of HSK (Elementary-Intermediate) tests contained 16
Chinese characters, and there were 112 Chinese characters in seven
sets of HSK tests (no characters were repeated across the selected test
sessions). A total of 2,116 valid samples were selected, with 16 Chinese
characters written by each subject, for a total of 33,856 Chinese
character samples. The target characters of the seven sets of HSK tests
and the distribution of sampling data are shown in appendix (see
Supplementary Appendix Tables 1, 2).

Annotation specification of productive
characters

The patterns of mistakes that learners made on character
production were classified in three ways: orthographic errors,
orthography-phonology connection errors and orthography-
semantics connection errors. The annotation specification of Chinese
characters is discussed as follows.

Orthographic errors

The orthographic errors were divided into three types: structural
errors, component errors, and stroke errors.

(1) Structural errors refer to errors in the structure and position of
Chinese characters. For example, the target character is “F#”
(pronounced “jing4;” quiet), but the produced character is % .

(2) Component errors refer to component ambiguity or
translocation. For example, the target character is “%%”
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FIGURE 1
Sample test in the HSK character writing test.

&R &L

(pronounced “nu3;” put forth strength), but the produced

character is /7.,
(3) Stroke errors refer to a defective stroke, a change in stroke
shape, or an extra stroke. For example, the target character is
“JK”  (pronounced “le4,” happy), but the produced

character is =5,

Orthography-phonology connection errors

There were two types of orthography-phonology connection
errors: homophone substitution and sublexical errors of
phonetic radicals.

(1) Homophone substitution refers to replacing the target character
with homophonic or near pronunciation Chinese characters.
For example, the target character is I (pronounced “banl,’
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class), but the produced homophone is “f%” (pronounced
“banl, like).

(2) Sublexical errors of phonetic radicals refer to the substitution
of target characters by the same or near phonetic radicals. For
example, the target character is “}%” (pronounced “jing4,

«€=ED

boundary), but the produced character is “Z&” (pronounced
“jing4,” unexpectedly).

Orthography-semantics connection errors
The errors in the orthography-semantics connection of Chinese
characters can be divided into two types: analogy and sublexical errors
of semantic radicals.
(1) Analogy refers to the substitution of target characters by

Chinese characters with similar or related meanings.
Characters with similar meanings, as when the target character
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is “&F” (pronounced “shul,” comfortable), but the produced
character is “/J&” (pronounced “fu2 be accustomed to).
Characters with related meanings, as when the original
meaning of the word is “ft#E” (pronounced “pil zhun3;
approval), the target character is “fit” (pronounced “pil;
approval), but the produced character is “¥x” (pronounced
“biaol,” mark).

(2) Sublexical errors of semantic radicals refer to replacing target
characters with characters of the same or a similar semantic

radical. For instance, the target character is “iX”

(pronounced
“tan2;” talk), but the produced character is “iJp> (pronounced

“jiang3,” speak).

Nonstandard characters

Nonstandard characters were divided into two types: non-Chinese
characters and blank characters.

(1) Non-Chinese characters refer to those written in Chinese

pinyin or symbols that cannot be identified as
Chinese characters.

(2) Blank means no answer.

Other Chinese characters

Other Chinese characters were divided into irrelevant Chinese
characters and traditional Chinese characters.

(1) Irrelevant Chinese characters refer to the output of a Chinese
character that has correct orthography, semantics, and
phonology, but it is not the target character.

(2) Traditional Chinese characters mean that Chinese characters
or components are all traditional ones.

Other types of errors

Errors other than those mentioned above.

Data analysis

Three types of errors (orthographic errors, orthography-
phonology connection errors, and orthography-semantics connection
errors) made by CSL learners were first calculated to examine the
error rates. Then, this study conducted 3 (Chinese character error
types: orthographic errors, orthography-phonology connection
errors, and orthography-semantics connection errors as within-
subject factors) x 3 (Chinese proficiency levels: low level, middle level
and high level as between-subject factors) x 7 (Language backgrounds:
Japanese, Korean, Russian, English, Mongolian, Thai, European
language as between-subject factors) repeated-measures analyses of
variance (ANOVA) to explore the main effect and interaction of the
three variables.
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Results

The ANOVA revealed a main effect of Chinese character error
types [F(2, 4,190)=1101.52, p<0.001, ng =0.35] (presented in
Figure 2), with higher average error rates of the orthography-
semantics connection than that of orthography and the orthography-
phonology connection, indicating that orthography, semantics, and
phonology connected with each other in the process of CSL learners’
Chinese character output, and that orthography-semantics processing
was the main obstacle for CSL learners’ processing of Chinese
characters; a main effect of Chinese proficiency [F(2, 2095) =37.40,
p<0.001, ng =0.03], indicating that the processing of CSL learners’
Chinese characters was a gradual development process from low level
to high level; and a main effect of language backgrounds [F(6,
2095)=67.53, p<0.001, - % =0.16], the error rate was the highest for
Japanese learners, followed by English and Korean learners. Russian,
Mongolian, and European language learners had lower error rates, and
Thai learners had the lowest error rates, indicating that there were
significant differences in the output and processing of Chinese
characters among CSL learners with different language backgrounds.

Multiple comparisons showed that the difference of Chinese
character error rate of low level and high level learners was significant
[MD=0.05, p<0.001], the difference of Chinese character error rate
of middle level and high level learners was also significant [MD =0.03,
p<0.001]. But the difference of Chinese character error rate of low
level and middle level learners was not significant [MD=0.02,
p=0.038]. Multiple comparisons revealed that there was significant
difference of Chinese character error rate of Japanese and Korean,
Thai, Russian, English, Mongolian, European language learners
[MD=0.11, p<0.001, MD=0.25, p<0.001, MD=0.14, p<0.001,
MD=0.11, p<0.001, MD=0.15, p<0.001, MD =0.14, p <0.001]. There
was significant difference of Chinese character error rate of Thai and
Korean, Russian, English, Mongolian, European language learners
[MD=0.14, p<0.001, MD=0.11, p<0.001, MD=0.14, p<0.001,
MD=0.10, p<0.001, MD =0.11, p <0.001]. However, the difference of
Chinese character error rate of Korean and Russian, English,
Mongolian, European language learners was not significant
[MD=0.03, p=0.46, MD =0.00, p=1, MD=0.04, p=0.091, MD =0.03,
p=0.394]. The difference of Chinese character error rate of Russian
and English, Mongolian, European language learners was not
significant [MD =0.03, p=0.11, MD=0.01, p=1, MD =0.00, p=1].
The difference of Chinese character error rate of English and
Mongolian, European language learners was not significant
[MD=0.04, p=0.01, MD =0.03, p=0.05]. The difference of Chinese
character error rate of Mongolian and European language learners was
also not significant [MD=0.01, p=0.998]. Multiple comparisons
revealed that the difference of Chinese character error rate of
orthography and orthography-phonology connection was significant
[MD=0.03, p<0.001], the difference of Chinese character error rate
of orthography and orthography-semantics connection was significant
[MD=0.09, p<0.001], and the difference of Chinese character error
rate of orthography-phonology connection and orthography-
semantics connection was also significant [MD =0.11, p<0.001].

The ANOVA also revealed a significant interaction between
Chinese character error types and Chinese proficiency [F(4,
4,190) =23.64, p<0.001, ng =0.02], orthographic processing errors
worked through the processing of different Chinese proficiency levels,
phonological processing played a certain interference, and the role of
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Average error rates for the three
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FIGURE 2
Average error rates for the three types of Chinese character errors.

types of Chinese character errors
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FIGURE 3

Average error rates of Chinese character error types of learners with
different language backgrounds

—O— orthographic errors
—@— orthography—phonology connection errors
=@ orthography—semantics connection errors

Average error rates of Chinese character error types of learners with different language backgrounds.

orthographic processing was the largest; a significant interaction
between Chinese character error types and language backgrounds
[F(12, 4,190)=47.86, p<0.001, 12 =0.12] (shown in Figure 3), the
error rate of orthography-semantics connection was higher than that
of orthography and orthography-phonology connection among all
learners of the seven language backgrounds. However, orthographic
error rate was higher than that of the orthography-phonology
connection for Japanese, Thai, Russian, English and European
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language learners. In contrast, the error rate of orthography-
phonology connection was higher than that of orthography among
Korean and Mongolian learners; and a significant interaction between
Chinese proficiency and language backgrounds [F(12, 2,095) =4.97,
p<0.001, ng =0.03], as Chinese proficiency levels of Korean, Russian
and Mongolian learners improved, the error rate decreased gradually.
The error rate of Japanese, English and European language learners
increased from low level to middle level, and then decreased. In
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contrast, the error rate of Thai learners decreased from low level to
middle level, and then increased.

The simple effect analyses revealed that the error type effect of
Chinese characters was all significant at three proficiency levels [F(2,
4,226)=551.43, p<0.001; F(2, 4,226)=403.65, p<0.001; F(2,
4,226)=138.85, p<0.001]. And the error type effect of Chinese
characters was significant for Japanese, Korean, Thai, Russian,
English, Mongolian and European language learners [F(2,
4,218)=331.86, p<0.001; F(2, 4,218)=233.13, p<0.001; F(2,
4,218)=6.23, p=0.002; F(2, 4,218)=195.64, p<0.001; F(2,
4,218)=193.75, p<0.001; F(2, 4,218)=223.79, p<0.001; F(2,
4,218)=260.27, p<0.001]. The simple effect analyses also revealed
that language background effect was all significant at three proficiency
levels [F(6, 2,097) = 33.04, p < 0.001; F(6, 2,097) = 24.67, p < 0.001; F(6,
2,097) = 14.43, p<0.001].

The triple interaction between language background, Chinese
proficiency, and Chinese character error types was also significant
[F(24, 4,190)=3.65, p<0.001, nZ =0.02], indicating that CSL
learners with different language backgrounds and Chinese
proficiency levels showed significant differences in the processing
of orthography, semantics, and phonology of Chinese characters.
To further evaluate CSL learners’ error type effect, simple effect
analyses were conducted. The error type effect of Chinese characters
was significant at three proficiency levels for Japanese learners [F(2,
4,190)=213.20, p<0.001; F(2, 4,190)=102.88, p<0.001; F(2,
4,190) =66.41, p <0.001]. The error type effect of Chinese characters
was significant at three proficiency levels for Korean learners [F(2,
4,190)=95.07, p<0.001; F(2, 4,190)=100.24, p<0.001; F(2,
4,190) =51.42, p<0.001]. The error type effect of Chinese characters
was not significant at three proficiency levels for Thai learners [F(2,
4,190)=3.23, p=0.040; F(2, 4,190)=1.93, p=0.145 F(2,
4,190)=1.72, p=0.179]. The error type effect of Chinese characters
was significant at three proficiency levels for Russian learners [F(2,
4,190)=88.21, p<0.001; F(2, 4,190)=75.27, p<0.001; F(2,
4,190) =40.35, p <0.001]. The error type effect of Chinese characters
was significant at three proficiency levels for English learners [F(2,
4,190)=106.78, p<0.001; F(2, 4,190)=103.09, p<0.001; F(2,
4,190) =23.79, p<0.001]. The error type effect of Chinese characters
was significant at three proficiency levels for Mongolian learners
[F(2, 4,190) = 134.91, p<0.001; F(2, 4,190) =75.76, p<0.001; F(2,
4,190) =34.76, p <0.001]. The error type effect of Chinese characters
was significant at three proficiency levels for European language
learners [F(2, 4,190)=136.43, p<0.001; F(2, 4,190)=110.04,
p<0.001; F(2, 4,190) =29.16, p< 0.001].

Discussion

This study was designed to investigate how three variables of
orthography, phonology and semantics affected Chinese characters
production among 2,116 learners from 7 different L1s. First, this
study found successful CSL learners’ Chinese character production
was derived from connections between orthography, semantics, and
phonology. Second, there was a significant contribution of
semantics than orthography and phonology in the production of
Chinese characters. Third, it was unexpected that connectionist
models of rather than distance

languages language

affected production.
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Connections between orthography,
semantics, and phonology

Chinese character production is an activity that produces the
orthographic representation of characters according to phonological or
semantic cues (Zhang and Roberts, 2019). This study did not deny the
contribution of orthographic knowledge to character production but
asserted that successful CSL learners’ Chinese character production
derived from connections of orthography, semantics, and phonology,
none of which were dispensable. The processing of production involves
activating the units corresponding to an input pattern and letting
activation pass to the output units via connections between orthography-
phonology-semantics components (Seidenberg, 2005). Thus, the view of
the connectionist model of character production holds that none of the
three components is sufficient for skilled writing but rather that skill in
all three components is necessary if writing skills are to advance. Only
when the connection of various representations reached a particular
strength could mutual activation and diffusion be realized, and the
output of orthography could be realized efficiently (Deniz et al., 2019).
This study found that the error rate of the orthography-semantics
connection was much higher than that of the orthography and
orthography-phonology connection. The connections of orthography
and semantic radicals with semantic lexicon composed a complex
connection system of orthography-semantics. These results are in line
with the findings reported by Williams and Bever (2010), Tong and Yip
(2015), and Wang et al. (2019) among native and CSL learners. The main
reason may lie in the logographic nature of Chinese characters, which
have systematic orthography-semantics mapping and opaque
orthography-phonology correspondence. Consistent with the research
by Zhang and Roberts (2019), phonological awareness did not directly
contribute to the production of Chinese character. Moreover, language
units are an orderly set of multiple semantic features, the connections of
which are the core of the lexical knowledge system (Golestani et al., 2009;
Xing, 2020). The perceptive process of language acquisition is from
meaning to usage; however, the process of language production transfers
from meaning to morphology, which depends on a clear connection
between concepts and symbols and the selection of similar symbols.
While orthographic knowledge was perceived as an effective strategy for
learning new Chinese characters by CSL learners (Shen, 2005), the
effective output of Chinese characters requires the construction of a rich
sublexical network connection between orthographic representation and
phonological representation, forming a complex sublexical system
connected with the mental lexicon of orthography, phonology, and
semantics in the cognitive process.

Effects of semantics and phonology on the
production of Chinese characters

While the inaccuracy of orthographic representation was associated
with learners of different Chinese proficiency levels (Hamada and Koda,
2008; Lin and Collins, 2012), this is not the only difficulty in the
production of Chinese characters; rather, orthography-semantic
connection is the dominant factor in the processing of Chinese
characters, suggesting evidence of “a semantic bias” (Williams and Bever,
2010). This study found that the number of analogy errors accounted for
a large proportion of the orthography-semantic connection errors, with
the number as high as 4,727 (see Supplementary Appendix Table 3),
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indicating that CSL learners tended to use similar or related Chinese
characters to replace the target characters without effectively constructing
connections between Chinese characters and concepts of mental lexicon.
That is, the core relationship of the language system of the connection
network between symbols and concepts is imperfect. While the number
of errors in sublexical problems of semantic radicals was 196, accounting
for only 3.98%. Chinese has a large number of homophones, words with
the same sound but different meanings, and the prevalence of
homophones in Chinese adds to the complexity of character acquisition
(Kuo et al, 2015). This study found that orthography-phonology
connection was also an obstacle for CSL learners in Chinese character
production (McBride-Chang et al., 2004). Among the orthography-
phonology connection errors, homophone substitution errors and
phonetic radical errors were 790 and 253, covering 75.74 and 24.26%,
respectively.  Phonological representation and orthographic
representation cannot be automatically activated; thus, CSL learners
produce homophonic or near phonological characters. In addition, the
error rate of the orthography-phonology connection was higher than
that of orthography among Korean and Mongolian learners. First, the
reason might lie in the fact that CSL learners have a small vocabulary and
do not establish the corresponding entries in the mental lexicon, making
the activation intensity of the orthographic representation of the target
character lower than that of homophones and at a disadvantage in
competition with homophones, resulting in the incorrect output of
homophones in the production process (Wang et al., 2012). Second, this
may be related to the lexical representation and processing characteristics
of CSL learners. To summarize, semantics and phonology play different
roles in the production of Chinese characters.

Effects of language background on the
production of Chinese characters

Previous studies on teaching Chinese characters as a second
language have divided learners into the Sinosphere and non-Sinosphere
(Hsiao et al,, 2015). It is generally believed that CSL learners in the
Sinosphere, who are influenced by traditional Chinese cultural beliefs
characterized by Confucianist social and moral ethics or Taoist or
Mahayana Buddhist religious beliefs, as embodied in the text using
Chinese characters (Hsiao et al., 2015), perform better than learners in
the non-Sinosphere (Lin and Collins, 2012; Tong et al., 2016; Zhang
and Roberts, 2021a,b). A similar view of language distance was clearly
stated by Koda (1996), who noted that “LI-L2 orthographic distance
not only influences overall performance differences among learners
from related and unrelated L1 orthographic backgrounds but also
underscores the ways in which L1 orthographic knowledge facilitates
L2 word recognition” (p. 458). Contrary to previous studies, this study
found that CSL learners with different language backgrounds showed
significant differences in the production of Chinese characters.
Specifically, the error rate of CSL learners in the Sinosphere, represented
by Japanese learners, was the highest. Indeed, Japan uses a set of
modified Chinese characters for the “Kanji” script that is supplemented
by syllabaries scripts of Hiragana and Katakana. However, their
understanding of the motivations of character formation and the
connections between orthography, semantics, and phonology had no
essential difference compared with learners in the non-Sinosphere
(Wydell et al., 1993; Chen, 2001; Wan, 2003; Rose, 2013; Sakurai et al.,
2021). They paid more attention to the correspondence between
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phonology and semantics than the connections between orthography
and semantics (Chen, 2001). The main reason may lie in the fact that
Chinese characters are used as syllabic characters in Japan, which is
essentially different from the syllable-morpheme characters in written
Chinese (Sakurai et al., 2021). Moreover, Japanese learners tend to view
Chinese compound words as a whole instead of dividing the words into
single Chinese characters; thus, they lack a real understanding of the
words that prevents them from correctly writing the characters that
make up the whole words. Even within the Sinosphere, learners
perform differently in the productive process. Japanese learners have
the highest error rate of the orthography-semantics connection,
followed by orthographic errors and orthography-phonology
connection errors, while Korean learners have the highest error rate of
the orthography-phonology connection, followed by orthographic
errors, and the lowest error rate of the orthography-semantics
connection (Quan, 2006). These results suggest that the sublexical
network connections between orthographic representation and
semantic representation have not been constructed among Japanese
learners, yet Korean learners cannot automatically activate
orthographic representation and phonological representation.

In the non-Sinosphere, while there is no big difference in the
average error rate among English, Russian, Mongolian, and European
language learners, there are differences in the types of Chinese
character errors. Although the error rate of orthography-semantics
connection is the highest, the error rate for the orthography-
phonology connection of Mongolian learners is higher than that of
orthography. Nonetheless, the orthographic error rate of English,
Russian and European language learners is higher than that of the
orthography-phonology connection. This indicates that Mongolian
learners have significant problems in the connection and processing
of phonological lexicons, yet orthographic representation and
processing are the main obstacles to the production of Chinese
characters for English, Russian and European language learners.
We are also interested in Thai learners who have the lowest average
error rate. The problems encountered in learning Chinese characters
are different among learners from different countries and cultures,
resulting in differences in the output of Chinese characters. This awaits
further investigation. To summarize, the results of this study indicate
that orthographic knowledge and language distance (Hamada and
Koda, 2008) are not the main factors affecting Chinese character
production, whereas different connection models of orthography,
semantics, and phonology of languages are the key points. Future
research on Chinese character teaching and learning should break
through the boundary between the Sinosphere and non-Sinosphere
to further explore the representation mechanism of Chinese characters.

Conclusion

In conclusion, our findings reveal the effects of orthographic,
phonological, and semantic processing in the production of Chinese
characters among CSL learners. The current study emphasizes that
successful Chinese character production derives from the connections
of orthography, semantics, and phonology, of which semantics plays
the most significant role. The results also point to different connection
models of languages rather than first language orthographic
experience on second language decoding. These new findings enrich
our understanding of the acquisition of literacy skills for CSL learners.

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1076810
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Zhang and Xing

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by the Institute on Educational Policy and Evaluation of
International Students, Beijing Language and Culture University. The
ethics committee waived the requirement of written informed consent
for participation.

Author contributions

LZ performed the statistical analysis and wrote the manuscript.
HX provided advice and revised the manuscript critically. All

authors contributed to the article and approved the

submitted version.

Funding

This project was supported by the Humanities and Social Sciences
Research Planning Project by the Ministry of Education (No.
20YJAZH110).

References

Afonso, O., and Alvarez, C.J. (2011). Phonological effects in handwriting production:
evidence from the implicit priming paradigm. J. Exp. Psychol. Learn. Mem. Cogn. 37,
1474-1483. doi: 10.1037/a0024515

Allen, J. R. (2008). Why learning to write Chinese is a waste of time: a modest
proposal. Foreign Lang. Ann. 41, 237-251. doi: 10.1111/§.1944-9720.2008.tb03291.x

Anderson, J. (1995). An introduction to neural networks. Cambridge, MA: The
MIT Press.

Anderson, R. C,, Ku, Y.-M,, Li, W,, Chen, X., Wu, X., and Shu, H. (2013). Learning to
see the patterns in Chinese characters. Sci. Stud. Read. 17, 41-56. doi:
10.1080/10888438.2012.689789

Baxter, D. M., and Warrington, E. K. (1986). Ideational agraphia: a single case study.
J. Neurol. Neurosurg. Psychiatry 49, 369-374. doi: 10.1136/jnnp.49.4.369

Bi, Y,, Han, Z., and Zhang, Y. (2009). Reading does not depend on writing, even in
Chinese. Neuropsychologia 47, 1193-1199. doi: 10.1016/j.neuropsychologia.2008.11.006

Chai, X. S., and Ma, M. Z. (2022). Exploring relationships between L2 Chinese
character writing and reading acquisition from embodied cognitive perspectives:
evidence from HSK big data. Front. Psychol. 12:779190. doi: 10.3389/fpsyg.2021.779190

Chan, D. W, Ho, C. S. H,, Tsang, S. M., Lee, S. H., and Chung, K. K. H. (2006).
Exploring the reading-writing connection in Chinese children with dyslexia in Hong
Kong. Read. Writ. 19, 543-561. doi: 10.1007/s11145-006-9008-z

Chan, L., and Nunes, T. (1998). Children's understanding of the formal and functional
characteristics of written Chinese. Appl. Psycholinguist. 19, 115-131. doi: 10.1017/
s0142716400010614

Chang, L. Y, Stafura, J. Z., Rickles, B., Chen, H. C., and Perfetti, C. A. (2015).
Incremental learning of Chinese orthography: ERP indicators of animated and static
stroke displays on character form and meaning acquisition. J. Neurolinguist. 33, 78-95.
doi: 10.1016/j.jneuroling.2014.09.001

Chen, E (2001). H AZ2 4 455 PUE B ) R L H 7= JF A [The corruption and
its causes of Japanese students’ Chinese characters writing]. Chin. Teach. World 4, 75-81.
doi: 10.13724/j.cnki.ctiw.2001.04.010

Chen, H. C,, Flores d'Arcais, G. B., and Cheung, S. L. (1995). Orthographic and
phonological activation in recognizing Chinese characters. Psychol. Res. 58, 144-153.
doi: 10.1007/bf00571102

Frontiers in Psychology

11

10.3389/fpsyg.2023.1076810

Acknowledgments

The content is solely the responsibility of the authors and does not
necessarily represent the official views of the Humanities and Social
Sciences Research Planning Project. We would like to thank the
examinees who helped us gather the data.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1076810/
full#supplementary-material

Chen, S. C., and Liu, I. M. (2000). Functional orthographic units in Chinese character
recognition. Acta Psychol. Sin. 32, 13-20.

Chen, Y., and Peng, D. L. (1994). “UL I RSN A% #z 3= AR AL [Connectionist
model of Chinese character recognition and cognition]” in Advances in the study of
Chinese language processing. eds. H. W. Chang, J. T. Huang, C. W. Hue and O. Tzeng
(Taipei: National Taiwan University Press), 211-240.

Chen, H. C., and Shu, H. (2001). Lexical activation during the recognition of Chinese
characters: evidence against early phonological activation. Psychon. B. Rev. 8, 511-518.
doi: 10.3758/BF03196186

Coltheart, V., Laxon, V. ]., and Keating, C. (1988). Effects of word imageability and age
of acquisition on children’s reading. Br. J. Psychol. 79, 1-12. doi: 10.1111/].2044-8295.1988.
tb02270.x

Corder, S. P. (1967). The significance of learner’s errors. Int. Rev. Appl. Linguist. Lang.
Teach. 5, 161-170.

Dayhoff, J. E. (1991) Neural network architecture: an introduction. New York: Van
Nostrand Reinhold.

Deniz, E, Nunez-Elizalde, A. O., Huth, A. G., and Gallant, J. L. (2019). The
representation of semantic information across human cerebral cortex during listening
versus reading is invariant to stimulus modality. J. Neurosci. 39, 7722-7736. doi: 10.1523/
JNEUROSCI.0675-19.2019

Ellis, R. (1994). The study of second language acquisition. Oxford: Oxford
University Press.

Everson, M. E,, and Ke, C. (1997). An inquiry into the reading strategies of
intermediate and advanced learners of Chinese as a foreign language. J. Chin. Lang.
Teach. Assoc. 32, 1-20.

Fang, S. P,, Horng, R. Y., and Tzeng, O. . L. (1986). “Consistency effects in the Chinese
character and pseudo-character naming tasks” in Linguistics, psychology, and the Chinese
language. eds. H. S. R. Kao and R. Hoosain (Hong Kong: University of Hong Kong),
11-22.

Fausett, L. (1994) Fundamentals of neural networks. Englewood Cliffs, NJ: Prentice Hall.

Feldman, L. B., and Siok, W. W. T. (1999). Semantic radicals contribute to the visual
identification of Chinese characters. J. Mem. Lang. 40, 559-576. doi: 10.1006/
jmla.1998.2629

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1076810
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1076810/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1076810/full#supplementary-material
https://doi.org/10.1037/a0024515
https://doi.org/10.1111/j.1944-9720.2008.tb03291.x
https://doi.org/10.1080/10888438.2012.689789
https://doi.org/10.1136/jnnp.49.4.369
https://doi.org/10.1016/j.neuropsychologia.2008.11.006
https://doi.org/10.3389/fpsyg.2021.779190
https://doi.org/10.1007/s11145-006-9008-z
https://doi.org/10.1017/s0142716400010614
https://doi.org/10.1017/s0142716400010614
https://doi.org/10.1016/j.jneuroling.2014.09.001
https://doi.org/10.13724/j.cnki.ctiw.2001.04.010
https://doi.org/10.1007/bf00571102
https://doi.org/10.3758/BF03196186
https://doi.org/10.1111/j.2044-8295.1988.tb02270.x
https://doi.org/10.1111/j.2044-8295.1988.tb02270.x
https://doi.org/10.1523/JNEUROSCI.0675-19.2019
https://doi.org/10.1523/JNEUROSCI.0675-19.2019
https://doi.org/10.1006/jmla.1998.2629
https://doi.org/10.1006/jmla.1998.2629

Zhang and Xing

Golestani, N., Rosen, S., and Scott, S. K. (2009). Native-language benefit for
understanding speech-in-noise: the contribution of semantics. Biling. Lang. Cogn. 12,
385-392. doi: 10.1017/S1366728909990150

Guan, C. Q, Liu, Y,, Chan, D. H. L, Ye, E, and Perfetti, C. A. (2011). Writing
strengthens orthography and alphabetic-coding strengthens phonology in learning to
read Chinese. J. Educ. Psychol. 103, 509-522. doi: 10.1037/20023730

Guan, C. Q, Smolen, E. R., Meng, W., and Booth, J. R. (2021). Effect of handwriting
on visual word recognition in Chinese bilingual children and adults. Front. Psychol.
12:628160. doi: 10.3389/fpsyg.2021.628160

Hamada, M., and Koda, K. (2008). Influence of first language orthographic experience
on second language decoding and word learning. Lang. Learn. 58, 1-31. doi: 10.1111/j.
1467-9922.2007.00433.x

Ho, C.S.-H., and Bryant, P. (1997). Learning to read Chinese beyond the logographic
phase. Read. Res. Quart. 32, 276-289. doi: 10.2307/748134

Hsiao, H. S., Chang, C. S., Chen, C.J., Wu, C. H., and Lin, C. Y. (2015). The influence
of Chinese character handwriting diagnosis and remedial instruction system on learners
of Chinese as a foreign language. Comput. Assist. Lang. Learn. 28, 306-324. doi:
10.1080/09588221.2013.818562

Hsiao, J. H.-W,, Shillcock, R., and Lavidor, M. (2007). An examination of semantic
radical combinability effects with lateralized cues in Chinese character recognition.
Percept. Psychophys. 69, 338-344. doi: 10.3758/bf03193754

Huang, B. R., and Liao, X. D. (2017) HLfU i [Modern Chinese]. Beijing: Higher
Education Press.

Hue, C.-W. (1992). “Recognition processes in character naming” in Language
processing in Chinese. Advances in psychology. eds. H.-C. Chen and O. J.-L. Tzeng, vol.
90 (Amsterdam, Netherlands: North-Holland), 93-107.

Jiang, X. (2003). AN [F) B} H 5 (K 40 [ 27 A 507 R 5 FRISCZ IR 9G R HTFE [The
relationship between knowing pronunciation and knowing meaning of Chinese
characters among CSL learners]. Lang. Teach. Linguis. Stud. 6, 51-57.

Just, M. A., and Carpenter, P. A. (1987). “Orthography: its structure and effects on
reading” in The psychology of Reading and language processing. eds. M. A. Just and P. A.
Carpenter (Newton, MA: Allyn and Bacon), 287-325.

Kandel, S., and Perret, C. (2015). How does the interaction between spelling and
motor processes build up during writing acquisition? Cognition 136, 325-336. doi:
10.1016/j.cognition.2014.11.014

Ke, C. (1996). An empirical study on the relationship between Chinese character
recognition and production. Mod. Lang. J. 80, 340-349. doi: 10.1111/j.1540-4781.1996.
tb01615.x

Ke, C. (1998). Effects of language background on the learning of Chinese characters among
foreign language students. Foreign Lang. Ann. 31, 91-102. doi: 10.1111/7.1944-9720.1998.
tb01335.x

Koda, K. (1996). L2 word recognition research: a critical review. Mod. Lang. J. 80,
450-460. doi: 10.1111/j.1540-4781.1996.tb05465.x

Kuo, L. J, Kim, T. ], Yang, X, Li, H,, Liu, Y., Wang, H,, et al. (2015). Acquisition of
Chinese characters: the effects of character properties and individual differences among
second language learners. Front. Psychol. 6:986. doi: 10.3389/fpsyg.2015.00986

Lee, I. (1997). ESL learners performance in error correction in writing: some
implications for teaching. System 25, 465-477. doi: 10.1016/50346-251x(97)00045-6

Lee, C.-Y., Tsai, J.-L., Kuo, W.-]., Yeh, T.-C., Wu, Y.-T., Ho, L.-T., et al. (2004). Neuronal
correlates of consistency and frequency effects on Chinese character naming: an event-
related fMRI study. Neuro Image. 23, 1235-1245. doi: 10.1016/j.neuroimage.2004.07.064

Leki, I. (1991). The preferences of ESL students for error correction in college-level writing
classes. Foreign Lang. Ann. 24, 203-218. doi: 10.1111/j.1944-9720.1991.tb00464.x

Li, P (2002). 5 I3 45 3 U0 [Connectionist model of language
acquisition]. Contemp. Lingua 4, 164-175. doi: 10.3969/j.issn.1007-8274.2002.03.002

Li, M. (2020). A systematic review of the research on Chinese character teaching and
learning. Front. Educ. China 15, 39-72. doi: 10.1007/s11516-020-0003-y

Li, L, Li, X., and Ao, L. X. (2014). DUE /K- 5EHE T 500 B 52 £ DU IE A RN
f1544 [Influences of Chinese proficiency and native language background on Chinese
orthographic awareness of foreign students]. Psychol Res. 7, 37-42. doi: 10.3969/j.
issn.2095-1159.2014.06.006

Li, M. X, Worlton, D. S., and Xing, H. B. (2018). J& F-iB Rl G it 193 -1 Sim ik
N LA [Orthographic activation mechanisms of spoken words in the mental
lexicon of native Chinese speakers]. Psychol. Exp. 1, 65-72.

Li, Y, Xing, H. B,, Zhang, L. J., Shu, H., and Zhang, Y. (2021). How visual word
decoding and context-driven auditory semantic integration contribute to reading
comprehension: a test of additive vs. multiplicative models. Brain Sci. 11, 1-13. doi:
10.3390/brainscil 1070830

Lin, C. H,, and Collins, P. (2012). The effects of L1 and orthographic regularity and
consistency in naming Chinese characters. Read. Writ. 25, 1747-1767. doi: 10.1007/
s11145-011-9340-9

Loh, E. K. Y, Liao, X,, and Leung, S. O. (2018). Acquisition of orthographic knowledge:
developmental difference among learners with Chinese as a second language (CSL).
System 74, 206-216. doi: 10.1016/j.system.2018.03.018

Frontiers in Psychology

10.3389/fpsyg.2023.1076810

McBride, C. A. (2016). Is Chinese special? Four aspects of Chinese literacy acquisition
that might distinguish learning Chinese from learning alphabetic orthographies. Educ.
Psychol. Rev. 28, 523-549. doi: 10.1007/510648-015-9318-2

McBride-Chang, C., Bialystok, E., Chong, K. K. Y., and Li, Y. (2004). Levels of
phonological awareness in three cultures. J. Exp. Child Psychol. 89, 93-111. doi:
10.1016/j.jecp.2004.05.001

Mcbride-Chang, C., Chow, B. W. Y., Zhong, Y., Burgess, S., and Hayward, W. G. (2005).
Chinese character acquisition and visual skills in two Chinese scripts. Read. Writ. 18,
99-128. doi: 10.1007/s11145-004-7343-5

Nagy, W. E., Kuo-Kealoha, A., Xinchun, W., Wenling, L., Anderson, R. C., and Xi, C.
(2002). “The role of morphological awareness in learning to read Chinese” in Chinese
Children’s Reading acquisition. eds. L. Wenling, J. S. Gaffney and J. L. Packard (Boston,
MA: Springer US), 59-86.

Pak, A. K. H., Cheng-Lai, A., Tso, L. E, Shu, H., Li, W,, and Anderson, R. C. (2005).
Visual chunking skills of Hong Kong children. Read. Writ. 18, 437-454. doi: 10.1007/
s11145-005-6575-3

Pan, ], Laubrock, J., and Yan, M. (2021). Phonological consistency effects in Chinese
sentence reading. Sci. Stud. Read. 25, 335-350. doi: 10.1080/10888438.2020.1789146

Pan, J., Yan, M., and Laubrock, J. (2020). Semantic preview benefit and cost: evidence
from parafoveal fast-priming paradigm. Cognition 205:104452. doi: 10.1016/j.
cognition.2020.104452

Pan, J., Yan, M., and Yeh, S.-L. (2022). Accessing semantic information from above:
parafoveal processing during the reading of vertically presented sentences in traditional
Chinese. Cognitive Sci. 46:¢13104. doi: 10.1111/cogs.13104

Perfetti, C. A., Liu, Y., and Tan, L. H. (2005). The lexical constituency model: some
implications of research on Chinese for general theories of reading. Psychol. Rev. 112,
43-59. doi: 10.1037/0033-295X.112.1.43

Perfetti, C. A., and Tan, L. H. (1998). The time course of graphic, phonological, and
semantic activation in Chinese character identification. J. Exp. Psychol. Learn. Mem.
Cogn. 24, 101-118. doi: 10.1037/0278-7393.24.1.101

Qu, Q,, Zhang, Q., and Damian, M. E. (2016). Tracking the time course of lexical
access in orthographic production: an event-related potential study of word frequency
effects in written picture naming. Brain Lang. 159, 118-126. doi: 10.1016/j.
bandl.2016.06.008

Quan, X. L. (2006). iy i %) 2 A2 S5 305 A 15 15200 [The influence of
Korean Chinese characters on students” acquisition of Chinese words]. Chin. Teach.
World 1, 77-82. doi: 10.13724/j.cnki.ctiw.2006.01.003

Rose, H. (2013). L2 learners’ attitudes toward, and use of, mnemonic strategies when
learning Japanese kanji. Mod. Lang. J. 97,981-992. doi: 10.1111/j.1540-4781.2013.12040.x
Sakurai, Y., Uchiyama, Y., Takeda, A., and Terao, Y. (2021). On-Reading (Chinese-style
pronunciation) predominance over kun-reading (native Japanese pronunciation) in
Japanese semantic dementia. Front. Psychol. 15:700181. doi: 10.3389/fnhum.2021.700181

Schumann, J., and Stenson, N. (1975). New frontiers in second language learning.
Rowley, MA: Newbury House.

Seidenberg, M. S. (2005). Connectionist models of word reading. Curr. Direct. Psychol.
Sci. 14, 238-242. doi: 10.1111/j.0963-7214.2005.00372.x

Seidenberg, M. S., and McClelland, J. L. (1989). A distributed, developmental model
of visual word recognition and naming. Psychol. Rev. 96, 523-568. doi:
10.1037/0033-295X.96.4.523

Shen, H. H. (2000). Radical knowledge and character learning among learners of
Chinese as a foreign language. Yuyan Yanjiu [Language Research], 85-93.

Shen, H. H. (2005). An investigation of Chinese-character learning strategies among
non-native speakers of Chinese. System 33, 49-68. doi: 10.1016/j.system.2004.11.001

Shen, H. H., and Ke, C. (2007). Radical awareness and word acquisition among
nonnative learners of Chinese. Mod. Lang. J. 91, 97-111. doi:
10.1111/j.1540-4781.2007.00511.x

Shi, Z. Y. (1999). #ME 81 2% 4 JE45 455 43 53 BT [Error analysis of foreign students’
picto-radicals of Chinese characters]. J. Peking Univ. 36, 147-153.

Shi, Z. Y. (2000). 4IE B 2EAEFIE TS MM [Error analysis of Chinese
characters written by foreign learners]. Chin. Lang. Learn. 2, 38-41.

Shi, G. . (2021). BUERTCAT R HHR AR S i % 38 ST {42 [Research on the
construction and acquisition of lexicon frequency knowledge]. Doctoral Dissertation.
Beijing: Beijing Language and Culture University.

Shu, H., Anderson, R. C., and Wu, N. N. (2000a). Phonetic awareness: knowledge of
orthography-phonology relationships in the character acquisition of Chinese children.
J. Educ. Psychol. 92, 56-62. doi: 10.1037/0022-0663.92.1.56

Shu, H., Meng, X. Z., Chen, X., Luan, H., and Cao, E (2005). The subtypes of
developmental dyslexia in Chinese: evidence from three cases. Dyslexia 11, 311-329.
doi: 10.1002/dys.310

Shu, H., Peng, H., and McBride-Chang, C. (2008). Phonological awareness in young
Chinese children. Dev. Sci. 11, 171-181. doi: 10.1111/j.1467-7687.2007.00654.x

Shu, H., and Wu, N. (2006). “Growth of orthography-phonology knowledge in the

Chinese writing system” in The handbook of East Asian psycholinguistics. eds. P. Li, L. H.
Tan, E. Bates and O. J. L. Tzeng, vol. I (New York: Cambridge University Press), 103-113.

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1076810
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1017/S1366728909990150
https://doi.org/10.1037/a0023730
https://doi.org/10.3389/fpsyg.2021.628160
https://doi.org/10.1111/j.1467-9922.2007.00433.x
https://doi.org/10.1111/j.1467-9922.2007.00433.x
https://doi.org/10.2307/748134
https://doi.org/10.1080/09588221.2013.818562
https://doi.org/10.3758/bf03193754
https://doi.org/10.1016/j.cognition.2014.11.014
https://doi.org/10.1111/j.1540-4781.1996.tb01615.x
https://doi.org/10.1111/j.1540-4781.1996.tb01615.x
https://doi.org/10.1111/j.1944-9720.1998.tb01335.x
https://doi.org/10.1111/j.1944-9720.1998.tb01335.x
https://doi.org/10.1111/j.1540-4781.1996.tb05465.x
https://doi.org/10.3389/fpsyg.2015.00986
https://doi.org/10.1016/s0346-251x(97)00045-6
https://doi.org/10.1016/j.neuroimage.2004.07.064
https://doi.org/10.1111/j.1944-9720.1991.tb00464.x
https://doi.org/10.3969/j.issn.1007-8274.2002.03.002
https://doi.org/10.1007/s11516-020-0003-y
https://doi.org/10.3969/j.issn.2095-1159.2014.06.006
https://doi.org/10.3969/j.issn.2095-1159.2014.06.006
https://doi.org/10.3390/brainsci11070830
https://doi.org/10.1007/s11145-011-9340-9
https://doi.org/10.1007/s11145-011-9340-9
https://doi.org/10.1016/j.system.2018.03.018
https://doi.org/10.1007/s10648-015-9318-2
https://doi.org/10.1016/j.jecp.2004.05.001
https://doi.org/10.1007/s11145-004-7343-5
https://doi.org/10.1007/s11145-005-6575-3
https://doi.org/10.1007/s11145-005-6575-3
https://doi.org/10.1080/10888438.2020.1789146
https://doi.org/10.1016/j.cognition.2020.104452
https://doi.org/10.1016/j.cognition.2020.104452
https://doi.org/10.1111/cogs.13104
https://doi.org/10.1037/0033-295X.112.1.43
https://doi.org/10.1037/0278-7393.24.1.101
https://doi.org/10.1016/j.bandl.2016.06.008
https://doi.org/10.1016/j.bandl.2016.06.008
https://doi.org/10.13724/j.cnki.ctiw.2006.01.003
https://doi.org/10.1111/j.1540-4781.2013.12040.x
https://doi.org/10.3389/fnhum.2021.700181
https://doi.org/10.1111/j.0963-7214.2005.00372.x
https://doi.org/10.1037/0033-295X.96.4.523
https://doi.org/10.1016/j.system.2004.11.001
https://doi.org/10.1111/j.1540-4781.2007.00511.x
https://doi.org/10.1037/0022-0663.92.1.56
https://doi.org/10.1002/dys.310
https://doi.org/10.1111/j.1467-7687.2007.00654.x

Zhang and Xing

Shu, H., Wu, N. N, Zheng, X. J., and Zhou, X. L. (1998). /N33 5T /i 5348 85 4% 150
T2 H A tHIF 5T [Study on the phonetic characteristics and distribution of phonograms
in primary school]. Appl. Linguist. 2, 63-68. doi: 10.16499/j.cnki.1003-5397.1998.02.011

Shu, H., Zeng, H. M., and Chen, Z. (1993). /N4 ) LEE {07 T 55 R IR 5236 7 [An
experimental study on the consciousness of semantic radicals of Chinese characters of primary
school children]. J. Psychol. Sci. 3, 172-174. doi: 10.16719/j.cnki.1671-6981.1993.03.010

Shu, H., and Zhang, H. C. (1987). M4FEHLREHE MM FiE N g2 [The
processing of pronouncing Chinese characters by proficient mature readers]. Acta
Psychol. Dermatol. Sin. 3, 282-290.

Shu, H., Zhou, X. L., and Wu, N. N. (2000b). JLHE S 555 75 55 — SR IR R e
[Utilizing phonological cues in Chinese characters: a developmental study]. Acta
Psychol. Dermatol. Sin. 32, 164-169.

Song, H., Shu, H., and Zhang, H. C. (1995). {£ " LRI 7% . FIEM1E R R 3t
R 54 [ The developmental shift of the role of graphic code and phonetic code in
Chinese reading]. Acta Psychol. Dermatol. Sin. 2, 139-144.

Sung, K. Y,, and Wu, H. P. (2011). Factors influencing the learning of Chinese
characters. Int. J. Biling. Educ. Biling. 14, 683-700. doi: 10.1080/13670050.2011.571658

Taft, M., and Chung, K. (1999). Using radicals in teaching Chinese characters to
second language learners. Psychologia 42, 243-251.

Taft, M., and Zhu, X. P. (1997). Submorphemic processing in reading Chinese. J. Exp.
Psychol. Learn. Mem. Cogn. 23, 761-775. doi: 10.1037/0278-7393.23.3.761

Tan, L. H., Liu, H. L., Perfetti, C. A., Spinks, J. A., Fox, P. T,, and Gao, J. H. (2001). The
neural system underlying Chinese logograph reading. Neurolmage 13, 836-846. doi:
10.1006/nimg.2001.0749

Tan, L. H., and Perfetti, C. A. (1997). Visual Chinese character recognition: does
phonological information mediate access to meaning? J. Mem. Lang. 37, 41-57. doi:
10.1006/jmla.1997.2508

Tong, X., Kwan, J. L. Y., Wong, D. W. M,, Lee, S. M. K, and Yip, J. H. Y. (2016). Toward
a dynamic interactive model of non-native Chinese character processing. J. Educ.
Psychol. 108, 680-693. doi: 10.1037/edu0000083

Tong, X., and McBride, C. (2014). Chinese children's statistical learning of
orthographic regularities: positional constraints and character structure. Sci. Stud. Read.
18, 291-308. doi: 10.1080/10888438.2014.884098

Tong, X. L., McBride-Chang, C., Shu, H., and Wong, A. M. Y. (2009). Morphological
awareness, orthographic knowledge, and spelling errors: keys to understanding early
Chinese literacy acquisition. Sci. Stud. Read. 13, 426-452. doi: 10.1080/10888430903162910

Tong, X., and Yip, J. H. Y. (2015). Cracking the Chinese character: radical sensitivity
in learners of Chinese as a foreign language and its relationship to Chinese word reading.
Read. Writ. 28, 159-181. doi: 10.1007/s11145-014-9519-y

Tsai, J.-L., Lee, C.-Y,, Tzeng, O. J. L., Hung, D. L., and Yen, N.-S. (2004). Use of
phonological codes for Chinese characters: evidence from processing of parafoveal
preview when reading sentences. Brain Lang. 91, 235-244. doi: 10.1016/j.band1.2004.02.005

Van Galen, G. P. (1991). Handwriting: issues for a psychomotor theory. Hum. Mov.
Sci. 10, 165-191. doi: 10.1016/0167-9457(91)90003-g

Van Orden, G. C., and Goldinger, S. D. (1994). Interdependence of form and function
in cognitive system explains perception of printed words. J. Exp. Psychol. Hum. Percept.
Perform. 20, 1269-1291. doi: 10.1037//0096-1523.20.6.1269

Ventura, P., Morais, J., and Kolinsky, R. (2007). The development of the orthographic
consistency effect in speech recognition: from sublexical to lexical involvement.
Cognition 105, 547-576. doi: 10.1016/j.cognition.2006.12.005

Wan, Y. X. (2003). A F AR 75 DPFINAIZE A S (A synthetic study of
Chinese character and its cognition]. Lang. Teach. Linguis. Stud. 2, 72-79.

Wang, J., Deng, Y., and Booth, J. R. (2019). Automatic semantic influence on early
visual word recognition in the ventral occipito-temporal cortex. Neuropsychologia
133:107188. doi: 10.1016/j.neuropsychologia.2019.107188

Wang, R., Huang, S., Zhou, Y., and Cai, Z. G. (2020). Chinese character handwriting:
a large-scale behavioral study and a database. Behav. Res. Methods 52, 82-96. doi:
10.3758/s13428-019-01206-4

Wang, W, Li, X., Ning, N., and Zhang, J. X. (2012). The nature of the homophone
density effect: an ERP study with Chinese spoken monosyllable homophones. Neurosci.
Lett. 516, 67-71. doi: 10.1016/j.neulet.2012.03.059

Wang, M., Liu, Y., and Perfetti, C. A. (2004). The implicit and explicit learning of
orthographic structure and function of a new writing system. Sci. Stud. Read. 8, 357-379.
doi: 10.1207/s1532799xssr0804_3

Wang, X., Ma, X., Tao, Y., Tao, Y., and Li, H. (2018). How semantic radicals in Chinese

characters facilitate hierarchical category-based induction. Sci. Rep. 8:5577. doi: 10.1038/
541598-018-23281-x

Wang, M., Perfetti, C. A., and Liu, Y. (2003). Alphabetic readers quickly acquire
orthographic structure in learning to read Chinese. Sci. Stud. Read. 7, 183-208. doi:
10.1207/s1532799xssr0702_4

Williams, C., and Bever, T. (2010). Chinese character decoding: a semantic bias? Read.
Writ. 23, 589-605. doi: 10.1007/s11145-010-9228-0

Wong, Y. K. (2017). The role of radical awareness in Chinese-as-a-second-language
learners” Chinese character reading development. Lang. Aware. 26, 211-225. doi:
10.1080/09658416.2017.1400039

Frontiers in Psychology

13

10.3389/fpsyg.2023.1076810

Worlton, D. S. (2014). “EEHE 7 BURDGEHE 18IS 1T 4T [Beyond Chinese
characters: dynamic statistical analysis of modern Chinese syllables]” in In AL paE
#% [Digital Chinese Teaching]. eds. X. Q. Li, J. M. Zhang and J. Xu (Beijing: Tsinghua
University Press), 437-443.

Wydell, T. N., Patterson, K. E., and Humphreys, G. W. (1993). Phonologically
mediated access to meaning for kanji: is a rows still a rose in Japanese kanji? J. Exp.
Psychol. Learn. Mem. Cogn. 19, 491-514. doi: 10.1037/0278-7393.19.3.491

Xiao, X. Q. (2002). #ME 24 3 F 417 5 BT [An analysis of character errors of foreign
learners of Chinese]. Chin. Teach. World 2, 79-85. doi: 10.13724/j.cnki.ctiw.2002.02.01

Xing, H. B. (2016). PIE/FRH 08 S 1930 14 JE [A study on vocabulary
acquisition of Chinese as a second language]. Beijing: Peking University Press.

Xing, H. B. (2020). 5 iEFRVCAIRM K-S K [The formation and
development of the second language lexical knowledge]. TCSOL Stud. 2, 39-46. doi:
10.16131/j.cnki.cn44-1669/g4.2020.02.006

Xu, Y., Chang, L. Y., Zhang, ], and Perfetti, C. A. (2013). Reading, writing, and
animation in character learning in Chinese as a foreign language. Foreign Lang. Ann. 46,
423-444. doi: 10.1111/flan.12040

Yan, M., Richter, E. M., Shu, H., and Kliegl, R. (2009). Readers of Chinese extract semantic
information from parafoveal words. Psychon. B. Rev. 16, 561-566. doi: 10.3758/PBR.16.3.561

Yan, M., Zhou, W.,, Shu, H., and Kliegl, R. (2012). Lexical and sublexical semantic
preview benefits in Chinese reading. J. Exp. Psychol. Learn. Mem. Cogn. 38, 1069-1075.
doi: 10.1037/a0026935

Ye, L. (2013). Shall we delay teaching characters in teaching Chinese as a foreign
language? Foreign Lang. Ann. 46, 610-627. doi: 10.1111/flan.12049

Ye, Y., Tong, C. K.-Y., McBride, C,, Yin, L., and Tse, C. Y. (2021). Concurrent and
longitudinal predictors of beginning writing in Chinese: the unique role of copying
skills. Read. Writ. 34, 2417-2437. doi: 10.1007/s11145-021-10149-2

Yeh, S. L., and Li, J. L. (2002). Role of structure and component in judgments of visual
similarity of Chinese characters. J. Exp. Psycho. Human. 28, 933-947. doi:
10.1037/0096-1523.28.4.933

Yeh, S. L., Li, J. L., Takeuchi, T, Sun, V., and Liu, W. R. (2003). The role of learning
experience on the perceptual organization of Chinese characters. Vis. Cogn. 10, 729-764.
doi: 10.1080/13506280344000077

Yin, L., and McBride, C. (2015). Chinese kindergartners learn to read characters
analytically. Psychol. Sci. 26, 424-432. doi: 10.1177/0956797614567203

Zhai, M., and Fischer-Baum, S. (2019). Exploring the effects of knowledge of writing
on reading Chinese characters in skilled readers. J. Exp. Psychol. Learn. Mem. Cogn. 45,
724-731. doi: 10.1037/x1m0000604

Zhang, J. Q. (2008). E[} JE H7 B2 2 A2 I T 1E 3= IR AT S % J& [ The formation
and development of Chinese orthographic awareness of learners of Chinese
Indonesians]. Appl. Linguist. 2, 116-122. doi: 10.16499/j.cnki.1003-5397.2008.02.002

Zhang, H. (2014). A review of stroke order in Hanzi handwriting. Lang. Learn. High.
Educ. 4, 423-440. doi: 10.1515/cercles-2014-0022

Zhang, ].]. (2016). ARG M SRR . ARHEE A4 D0 IEFARORIORT HLiE 7T [A
comparative study of Chinese character orthographic awareness of overseas learners
with Chinese origin and non-Chinese origin in Southeast Asia]. TCSOL Stud. 3, 17-26.
doi: 10.16131/j.cnki.cn44-1669/g4.20160526.003

Zhang, J., Li, H., Liu, Y., and Chen, Y. (2020). Orthographic facilitation in oral
vocabulary learning: effects of language backgrounds and orthographic type. Read. Writ.
33, 187-206. doi: 10.1007/s11145-019-09955-6

Zhang, Q., and Reilly, R. G. (2015). “Writing to read: the case of Chinese,” in
Proceedings of the 29th Pacific Asia Conference on Language, information and
computation, PACLIC, Shanghai, 345-354.

Zhang, H., and Roberts, L. (2019). The role of phonological awareness and phonetic
radical awareness in acquiring Chinese literacy skills in learners of Chinese as a second
language. System 81, 163-178. doi: 10.1016/j.system.2019.02.007

Zhang, H., and Roberts, L. (2021a). A comparison of pinyin invented spelling and
oddity test in measuring phonological awareness in L2 learners of Chinese. J.
Psycholinguist. Res. 50, 375-396. doi: 10.1007/s10936-020-09700-z

Zhang, H., and Roberts, L. (2021b). The influence of L1 script directionality and L2
proficiency on Hanzi learning among Arabic and English learners of L2 Chinese. IRAL
Int. Rev. Appl. Linguist. Lang. Teach, 60, 1039-1062. doi: 10.1515/iral-2018.0330

Zhang, H., Su, I. E, Chen, E, Ng, M. L., Wang, L., and Yan, N. (2020). The time course

of orthographic and semantic activation in Chinese character recognition: evidence from
an ERP study. Lang. Cogn. Neurosci. 35, 292-309. doi: 10.1080/23273798.2019.1652762

Zhao, H., La Heij, W,, and Schiller, N. O. (2012). Orthographic and phonological
facilitation in speech production: new evidence from picture naming in Chinese. Acta
Psychol. 139, 272-280. doi: 10.1016/j.actpsy.2011.12.001

Zhou, X. L., and Marslen-Wilson, W. (1999). Phonology, orthography, and semantic
activation in reading Chinese. J. Mem. Lang. 41, 579-606. doi: 10.1006/jmla.1999.2663

Zhou, X., and Marslen-Wilson, W. (2000). The relative time course of semantic and
phonological activation in reading Chinese. J. Exp. Psychol. Learn. Mem. Cogn. 26,
1245-1265. doi: 10.1037/0278-7393.26.5.1245

Zhou, X., Marslen-Wilson, W,, Taft, M., and Shu, H. (1999). Morphology, orthography,
and phonology in reading Chinese. Lang. Cognitive Proc. 14, 525-565. doi:
10.1080/016909699386185

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1076810
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.16499/j.cnki.1003-5397.1998.02.011
https://doi.org/10.16719/j.cnki.1671-6981.1993.03.010
https://doi.org/10.1080/13670050.2011.571658
https://doi.org/10.1037/0278-7393.23.3.761
https://doi.org/10.1006/nimg.2001.0749
https://doi.org/10.1006/jmla.1997.2508
https://doi.org/10.1037/edu0000083
https://doi.org/10.1080/10888438.2014.884098
https://doi.org/10.1080/10888430903162910
https://doi.org/10.1007/s11145-014-9519-y
https://doi.org/10.1016/j.bandl.2004.02.005
https://doi.org/10.1016/0167-9457(91)90003-g
https://doi.org/10.1037//0096-1523.20.6.1269
https://doi.org/10.1016/j.cognition.2006.12.005
https://doi.org/10.1016/j.neuropsychologia.2019.107188
https://doi.org/10.3758/s13428-019-01206-4
https://doi.org/10.1016/j.neulet.2012.03.059
https://doi.org/10.1207/s1532799xssr0804_3
https://doi.org/10.1038/s41598-018-23281-x
https://doi.org/10.1038/s41598-018-23281-x
https://doi.org/10.1207/s1532799xssr0702_4
https://doi.org/10.1007/s11145-010-9228-0
https://doi.org/10.1080/09658416.2017.1400039
https://doi.org/10.1037/0278-7393.19.3.491
https://doi.org/10.13724/j.cnki.ctiw.2002.02.01
https://doi.org/10.16131/j.cnki.cn44-1669/g4.2020.02.006
https://doi.org/10.1111/flan.12040
https://doi.org/10.3758/PBR.16.3.561
https://doi.org/10.1037/a0026935
https://doi.org/10.1111/flan.12049
https://doi.org/10.1007/s11145-021-10149-2
https://doi.org/10.1037/0096-1523.28.4.933
https://doi.org/10.1080/13506280344000077
https://doi.org/10.1177/0956797614567203
https://doi.org/10.1037/xlm0000604
https://doi.org/10.16499/j.cnki.1003-5397.2008.02.002
https://doi.org/10.1515/cercles-2014-0022
https://doi.org/10.16131/j.cnki.cn44-1669/g4.20160526.003
https://doi.org/10.1007/s11145-019-09955-6
https://doi.org/10.1016/j.system.2019.02.007
https://doi.org/10.1007/s10936-020-09700-z
https://doi.org/10.1515/iral-2018.0330
https://doi.org/10.1080/23273798.2019.1652762
https://doi.org/10.1016/j.actpsy.2011.12.001
https://doi.org/10.1006/jmla.1999.2663
https://doi.org/10.1037/0278-7393.26.5.1245
https://doi.org/10.1080/016909699386185

	The interaction of orthography, phonology and semantics in the process of second language learners’ Chinese character production
	Introduction
	Literature review
	Connections of orthography, phonology and semantics of Chinese characters
	Orthography-phonology connection of Chinese characters
	Orthography-semantics connection of Chinese characters
	Orthographic knowledge of Chinese characters
	Orthographic, phonological and semantic knowledge in Chinese children
	Orthographic, phonological and semantic knowledge among CSL learners
	The current study

	Materials and methods
	Participants
	HSK Chinese character writing proficiency test (elementary-intermediate)
	Materials
	Annotation specification of productive characters
	Orthographic errors
	Orthography-phonology connection errors
	Orthography-semantics connection errors
	Nonstandard characters
	Other Chinese characters
	Other types of errors
	Data analysis

	Results
	Discussion
	Connections between orthography, semantics, and phonology
	Effects of semantics and phonology on the production of Chinese characters
	Effects of language background on the production of Chinese characters

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	﻿References

