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Editorial on the Research Topic
 Reading acquisition of Chinese as a second/foreign language




This editorial draws attention to the distinctive properties of the Chinese writing system and the difficulties it presents for individuals learning Chinese as a second/foreign language (CSL/CFL). Following the brief introduction, a summary overview is provided for the 19 submitted articles for this Research Topic, highlighting the contributions of these articles toward a better understanding of the universal and language-specific mechanisms in acquiring reading skills in a second language (Koda, 2007; Verhoeven and Perfetti, 2017).

The Chinese logographic writing system1 (Sproat and Gutkin, 2021) has a number of distinct properties that set it apart from alphabetic orthographies. First, each Chinese character occupies a square-shaped space (e.g., 学, which means “to study”) in sharp contrast to the linear structure of an alphabetic word. Chinese characters are composed of basic strokes (e.g., 一) and complex stroke patterns (e.g., 乙), which are completely different from graphemes of other languages in appearance. In fact, Chinese script has been found to have the greatest visual complexity among 131 writing systems (Chang et al., 2016, 2018). Second, each Chinese character corresponds to a syllable, rather than phoneme(s), which is quite distinct from grapheme-to-phoneme correspondences that are universal in alphabetic systems (McBride and Wang, 2015). Chinese strokes are not phonemic representations and are unpronounceable in contrast to Korean script, whose characters represent syllables with visual resemblance of Chinese script but the symbols within each Korean character represent phonemes (Li et al., 2022). Moreover, the phonetic component of a compound Chinese character provides unreliable information about pronunciation. Therefore, phonological information of a Chinese character is obtained via direct access to its phonological representation stored in the lexicon rather than by assembling phonemes. Third, there are a great number of homographic morphemes in Chinese because of the correspondence between the character (the basic orthographic unit) and the morpheme (the basic semantic unit). For example, the character “草” represents several morphemes, including “grass”, “haste” and “draft”. Most Chinese words are compound words composed of two or three characters with the exact meaning of each character (i.e., morpheme) disambiguated in the word context (e.g., which morpheme “草” represents is clear in “草原”, “草率” and “草稿”). Fourth, unlike alphabetic writing systems with spaces to clearly mark word boundaries, Chinese text does not use inter-character or inter-word spaces. Specifically, Chinese does not use space or any other visual marks to signify word boundaries and characters are presented contiguously regardless of whether two or more characters form a word or they belong to different words.

Researchers have long examined whether and how Chinese script-specific properties require specific perceptual and cognitive mechanisms for the development of efficient reading (Zhou and Marslen-Wilson, 1999; Zhou et al., 2009). Studies on adult and child native Chinese speakers have consistently shown that visual-orthographic knowledge and morphological awareness play important roles in Chinese reading due to the structural complexity and the existence of a large number of homographic morphemes (Shu et al., 2006; Zhang et al., 2023). Despite the lack of correspondence between strokes and phonemes, phonological awareness, which is the core linguistic subskill underlying alphabetic reading, also contributes to Chinese reading development (Ruan et al., 2018).

The distinctive characteristics of the Chinese writing system make learning to read Chinese a significant challenge for CSL/CFL learners. However, compared with the substantial amount of research on Chinese reading acquisition in native Chinese speakers, only a limited number of studies have investigated the acquisition of L2 Chinese reading skills. It remains unclear how CSL/CFL learners from different linguistic backgrounds acquire the knowledge of Chinese orthography (e.g., the intricate strokes and square configurations), syllable-character correspondence, morphological awareness and word segmentation without inter-word spacing. Moreover, there is a lack of empirical studies on how developing these linguistic skills affects CSL/CFL learners' ability to read sentences and passages at different Chinese proficiency levels. This Research Topic comprises 18 original studies and a systematic review that examined CSL/CFL learners' reading acquisition at various levels (i.e., character, word, sentence, and passage) from different L1 backgrounds.

Three papers focused on Chinese character writing due to the close relationship between reading and writing of characters for the logographic characteristics of Chinese script (Ziegler, 2006). One study conducted by Zhang investigated the structure of orthographic representations during character writing and found that various representational levels (character, logographeme, and stroke) were active simultaneously but logographeme was dominant. Chai and Ma used big data from 74362 CSL/CFL learners with 67 L1 backgrounds who took the HSK (Chinese Proficiency Test) to explore the relationship between character writing and sentence/passage reading. They discovered that character writing helped to overcome negative transfer from learners' L1s and interactively contributed to reading development in relation to language distance. Another study by Lau et al. adopted a delayed character copying task to measure Chinese orthographic knowledge in Vietnamese CSL/CFL learners. They found that learners chunked characters into functional units when they wrote, and the use of large (radical boundary) and small (logographeme boundary) grain-size units was affected by character reading ability.

Two papers explored methods for improving the teaching and learning of Chinese characters by enhancing visual-orthographic processing skills. Hou and Jiang investigated the effectiveness of radical- and stroke-targeted teaching methods for native alphabetic language speakers but found that both methods had negative effects on character reading. These results suggest that analytic processing strategies might undermine holistic processing required for character reading. However, Chang et al. reported contradictory results by demonstrating that different methods of presenting characters, including the stroke-targeted method used by Hou and Jiang, had positive effects on character reading. As the two studies differed in terms of participants (native English speakers versus native speakers of various L1 backgrounds) and materials (simplified versus traditional characters), further research is needed to determine how the analytic teaching method can help CSL/CFL learners read and write Chinese characters.

To assess the reading ability of CSL/CFL learners, a commonly used method is the character recognition test, although studies differ in which specific measurement is used. Zhang, Kim et al. compared three typical character recognition measurements (i.e., phonological, semantic and phonological + semantic) and found that each measurement yielded different predictions for Chinese proficiency depending on the leaners' L1 backgrounds. This suggests that future studies need to consider the L1 backgrounds of CSL/CFL leaners when selecting which measurement to use.

Five studies investigated the role of linguistic subskills and general cognitive ability in L2 Chinese reading at word and sentence/passage levels. A meta-analysis by Chen and Zhao found a moderate relationship between phonological awareness and word reading, despite the logographic characteristics of Chinese script. Two studies by Chen et al. and Zhang, Zhang et al. respectively examined the contribution of morphological awareness at radical and character levels to sentence/passage reading comprehension, and confirmed the important role of grapho-morphological awareness in L2 Chinese reading acquisition. Zhou chose to investigate the role of syntactic awareness, particularly word order knowledge, which had been paid little attention to in previous studies, and found that it made a unique contribution to passage reading even when other reading-related subskills were controlled for. Xie et al. studied the contribution of general cognitive ability, and found that the cognitive control predicted sentence reading comprehension, suggesting that theoretic models of L2 Chinese reading need to include cognitive control skills as additional predictors.

Two papers studied the importance of word segmentation and inter-word space for L2 Chinese reading. Hao et al. showed that word segmentation and word-meaning access were crucial for reading accuracy in both high and low proficiency learners. Cui conducted an eye-tracking experiment and found that adding inter-word space improved reading efficiency of connected passages in beginning CSL/CFL learners. These findings suggest that providing inter-word space can serve as a useful pedagogical tool to improve sentence/passage reading by helping learners, particularly beginning learners segment and identify words.

Four papers addressed new areas in L2 Chinese acquisition that have been seldom studied. Wu et al. examined the influence of L1 transfer on complex syntactic representations. Tamaoka and Zhang studied the acquisition of temporal adverbs by native Japanese speakers and found that L2 Chinese proficiency affected the placement of these words. Lu et al. focused on splitable compound words and reported that split presentation of the words significantly hindered the performance of native Spanish speakers. Lastly, Wang et al. investigated the effect of positive valence bias on the acquisition of Chinese emotion idioms and discovered that it had an impact on the initial learning phase.

In addition to behavioral research, two studies adopted neuroimaging techniques to investigate semantic processing during L2 Chinese reading. Li et al. used electroencephalography (EEG) recordings to explore how Chinese-Malay bilingual speakers with Chinese as their heritage language integrated meaning in Chinese classifier-noun phrases. They found similarities and differences between the bilinguals and monolingual Chinese speakers, indicating that bilinguals differ to some extent in semantic prediction and integration during the processing of classifier-noun agreement. Lai et al. used functional magnetic resonance imaging (fMRI) to study the neural mechanisms underlying semantic judgment of Chinese characters in high-proficient CSL/CFL learners. The fMRI results revealed less activations in temporal regions but greater activations in occipital regions in the L2 group relative to the L1 control group, indicating that the CSL/CFL learners relied more on orthographic processing when their ability to access semantic information was limited.

Collectively, these studies address key issues in L2 Chinese reading acquisition and provide new insights into orthographic, phonological, and semantic processing of Chinese characters as well as the contributions of these linguistic subskills and cognitive skills to sentence/passage reading. These studies adopted various behavioral and neuroimaging (EEG and fMRI) methods with appropriate experimental design. They collectively constitute a valuable sample of current research on L2 Chinese reading acquisition, demonstrating the importance of integration of various research methods for future investigations. Given that theories of L2 reading acquisition are primarily based on alphabetic scripts, current and future studies in Chinese script play important roles in understanding the universal and language-specific mechanisms for L2 reading acquisition. This Topic provides valuable insights for readers who are interested in this field.
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Footnotes

1 Both “logographic” and “morphosyllabic” are used in the literature to describe the properties of the Chinese writing system. Specifically, “logographic” is used to emphasize that identically pronounced but semantically contrastive elements have distinct graphic representations and “morphosyllabic” is used to emphasize that each Chinese character denotes a syllable as well as some aspect of the morpheme. The two terms are not mutually exclusive and the Chinese script can be described as both logographic and morphosyllabic in taxonomies. We choose the term “logographic” to highlight the uniqueness of Chinese scripts, i.e., the majority of Chinese characters carry constituent graphemes that are logographic. That's not a characteristic shared by alphabetic (e.g., English) or syllabic (e.g., Korean) writing systems. The term “morphosyllabic” does not carry the same distinctive appeal.
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This study aims to examine the contribution of morphological awareness to second language (L2) Chinese reading comprehension through potential mediating factors. Adult L2 Chinese learners (n = 447) participated in the study and completed two morphological awareness tasks (segmentation and discrimination), two vocabulary knowledge tasks (character knowledge and word-meaning knowledge), one lexical inference task, and one reading comprehension task. By testing alternative path models, this study identified the preferred model assuming the covariates of morphological awareness and vocabulary knowledge. Morphological awareness and vocabulary knowledge jointly contributed to L2 Chinese reading comprehension through lexical inference. The written modality of morphological awareness induced the activation of both morphological and orthographic information in print. The result suggests that morphological awareness (in the form of grapho-morphological knowledge) and vocabulary knowledge seem to be two parallel components under the same construct predicting Chinese reading comprehension. More importantly, this study underscores the intermediary effect of lexical inference in associating morphological awareness and reading comprehension in L2 Chinese learners.

Keywords: logographic writing system, lexical inferencing, morphological awareness, comprehension, mediation, direct and indirect effect, covariate factor


INTRODUCTION


Chinese Morphological Awareness

Morphological awareness was broadly defined as the sensitivity to morphemic structures of words and the ability to reflect upon morphological structures (Carlisle, 1995). In the case of taking morphological processes into account, morphological awareness incorporates different sets of cognitive and linguistic capabilities, such as segmentation, recognition, discrimination, and production (Tyler and Nagy, 1989; Koda, 2000; Mcbride-Chang et al., 2005).

Chinese morphology is characterized by lexical compounding given that modern Chinese does not mark tenses or parts of speech morphologically (Sun, 2006), and compounding is the most salient word-formation rule in Chinese (Ceccagno and Basciano, 2007). Corpus-based analyses have indicated that 75–80% of Chinese words are formed by two or more morphemes/characters (Packard, 2000). According to the headedness of lexical compounding (Ceccagno and Basciano, 2007), Chinese compound words can be divided into three major categories: subordinate compounds (e.g., 毒贩, drug + seller, drug trafficker), attributive compounds (天价, sky + price, prohibitive price), and coordinate compounds (e.g., 大小, big + small, size). The processing of Chinese multi-morphemic words starts from the structural segmentation of fundamental orthographic units of words (Taft and Zhu, 1995). The structural and functional information of morphologically complex ones is encoded through individual characters (morphemes). For instance, the meaning of 播音员 (broadcaster) can be activated through structural segmentation and functional mapping. Given the structural regularity and semantic transparency, the word can be broken down into 播音 (broadcast/announce) and 员 (person/professional). The meaning can be retrieved based on each functional element: 播 (broadcast), 音 (sound), and 员 (professional).

In brief, morphological decomposition and discrimination of compound words are the critical competencies involved in Chinese morphological processing. Building structural and semantic connections in morphologically complex compound words tends to be the essence of Chinese morphological awareness.



Morphological Awareness in Chinese Reading Comprehension: Direct and Indirect Effects

The utility of morphological awareness has been endorsed in reading across languages. Several prior studies explored the facilitative role of morphological awareness in Chinese reading comprehension among the first language (L1) or bilingual children (Wang et al., 2006; Pan et al., 2016; Zhang, 2016a,b; Lin et al., 2018; Zhao et al., 2019; Qiao et al., 2021).

Chinese morphological awareness highlights the language specificity of lexical compounding. Based on the covariance-based evidence, Wang et al. (2006) explored the cross-linguistic contribution of morphological awareness to Chinese–English biliteracy acquisition. Parallel tasks (derivational awareness and compound awareness) were administered to bilingual children. In addition, homophone identification was assessed as an indicator of Chinese-specific morphological awareness. The results demonstrated that cross-linguistic compound awareness made significant contributions to Chinese reading comprehension. Moreover, Pan et al. (2016) emphasized the longitudinal pattern of metalinguistic awareness in Chinese literacy development. Through a cross-lagged analysis, the results confirmed a significant longitudinal impact of morphological awareness on character-level processing (character reading and writing) and higher-level literacy skills (reading comprehension).

Recent studies have emphasized mediated and unmediated effects of morphological awareness on Chinese reading comprehension to unpack the mechanism in which morphological awareness is associated with Chinese higher-level reading ability. There are two strands of findings: full mediation and partial mediation. Pertaining to full mediation, Zhang (2016a) examined the role of morphological awareness in literacy acquisition among Chinese early elementary-age students. Morphological awareness measurements, vocabulary knowledge, lexical inference, and reading comprehension were administered to the students. The results showed that morphological awareness did not contribute directly to Chinese reading comprehension. The contribution was fully mediated by vocabulary knowledge and lexical inference. Zhang (2016b) further explored both concurrent and longitudinal effects of morphological awareness on Chinese reading comprehension among elementary-age students. These findings verified an indirect longitudinal contribution of morphological awareness to reading comprehension through lexical inference.

With regard to partial mediation, Zhao et al. (2019) tested multiple mediation routes of how morphological awareness relates to reading comprehension among Chinese children. Their findings demonstrated that morphological awareness contributed to reading comprehension through character recognition and reading fluency longitudinally. Nonetheless, the mediation through vocabulary knowledge and reading fluency was not significant. Kim et al. (2020) explored multiple alternative path routes by which Chinese compound awareness correlates with reading comprehension among Chinese second graders. The pathways included a direct route and an indirect route via word reading, listening comprehension, and vocabulary. The findings revealed that Chinese compound awareness was related to reading comprehension directly and indirectly through the mediation of all tested mediating variables. Similarly, Qiao et al. (2021) analyzed the manner in which morphological awareness contributes to Chinese and English reading comprehension among Chinese children in Grades 3 and 4. The results showed both direct and indirect effects of morphological awareness on Chinese and English comprehension. The indirect effects were mediated through the two path routes: word reading ability (model 1) and vocabulary and word reading (model 2) after control variables were included, which highlighted the significant pathways through word reading. However, the meditation solely through vocabulary was not significant.

A few important points can be summarized from the existing reading studies. First, morphological awareness has been found to predict Chinese reading comprehension directly and indirectly via the mediating factors. Second, the mediating routes included the pathways through word reading, reading fluency, listening comprehension, vocabulary knowledge, and lexical inference. Yet, there is a paucity of research examining the role of morphological awareness in second language (L2) Chinese reading comprehension. The current study highlights both direct and indirect contributions of morphological awareness to L2 Chinese reading comprehension. To be more precise, the overarching question focuses on the manner in which morphological awareness is associated with L2 Chinese reading comprehension through potential mediating factors.




METHODS


Participants

447 English-speaking L2 Chinese learners (312 women and 135 men) from college-level study-abroad programs participated in this study. The age of learners ranged from 18 to 32 (mean age = 22.13, SD = 3.37). They were all college students with a mixture of degree-seeking students and non-degree-seeking language students. At the time of data collection, they had at least one academic year of formal Chinese learning. With the placement tests at their institutions, they all were placed into the courses of intermediate level from low- to high-intermediate level. The researchers obtained the consent of the study-abroad program coordinators before recruiting participants in the classrooms, and the learners volunteered to participate in the study. Participating students were expected to have acquired the basic linguistic competencies of print Chinese as this research probed into various facets of print knowledge. Data were collected in a class session with approximately 15 students in each session. All tasks were randomized in different sessions to eliminate learning effects from prior tasks.



Measurements
 
Morpheme Segmentation

Morpheme segmentation assessed the ability of learners to break down three-character words into two meaningful lexical morphemes. The participants were expected to segment multimorphemic three-character words into two parts. For example, a multimorphemic word “飞机场 (fly machine-field)” (airport) was shown to the participants. They were asked to draw a vertical line between the characters to break down the bimorphemic word into two components. In this example, the participants ought to draw a line between the morpheme “飞机 (airplane)” and the morpheme “场 (field).” There were 20 items in the segmentation task, including four derivational words and 16 compound words.



Morpheme Discrimination

The morpheme discrimination task, modeled after Ku and Anderson (2003), was used to measure the ability of learners to extract partial word information and to distinguish the functional components of morphologically complex words. In this task, three seemingly compound words were shown to the participants, for instance, 小猫 “little cat”, 小狗 “little dog,” and 小心 “careful.” Apparently, these words share the same morpheme “小,” but the word “小心 (careful)” does not bear the meaning of “little.” The participants should select the word whose morphemic meaning was different from the other two meanings. There were 20 items in the morpheme discrimination task.



Character Knowledge

The character knowledge test was to assess the ability of learners to extract graphic representations (Chinese characters) of visually presented stimuli (Zhang et al., 2019). The participants were required to choose the most appropriate Chinese character combinations in each stimulus. For example, an English stimulus “the day after tomorrow” was shown with the following four selections: A. 前天 (the day before yesterday), B. 明天 (tomorrow), C. 昨天 (yesterday), and D. 后天 (the day after tomorrow). There were 30 items in the character knowledge task.



Word-Meaning Knowledge

This task tapped into the ability of learners to match semantic meanings with visually presented words (Zhang et al., 2019). The participants were required to choose the correct meaning for each word. For instance, the word “导演” was presented to the participants, and they were supposed to select the appropriate explanation from the following items: A. actor, B. director, C. film, and D. designer. These items were chosen from the Hanyu Shuiping Kaoshi (HSK, standardized Chinese test) word lists with ascending difficulty. There were 30 lexical items in the word-meaning knowledge task.



Lexical Inferencing Ability

Lexical inferencing ability was designed to assess the performance of learners on semantic retrieval by utilizing word-internal and word-external information. All target words were disyllabic compound words, and each word included two elementary-level characters from HSK levels 1 and 2 (the lowest bands in HSK). However, they were unfamiliar to the participants as all the words were beyond the highest level of HSK. In an initial pilot study, 14 level-appropriate Chinese learners in the USA were asked to assess the familiarity of 20 initially selected words, and 16 compound words were finalized. The lexical inferencing measurement has also been validated in the prior studies of researchers (Zhang and Koda, 2018a; Zhang et al., 2019). In this task, each compound word was placed into a sentence, and the participants were required to derive word meanings by the given information (partial word/morphological information and contextual clues). For example, a sentence “这个球员很有名” (This ___ is very famous) with four options was presented to the participants: A. employee (morphology–, context+); B. player (morphology+, context+, correct); C. ball boy (morphology+, context–); and D. speaking assistant (morphology–, context–). The second option should be chosen if the participants accurately employ the word-internal and word-external clues in the sentence. There were 16 items in this task.



Reading Comprehension

The reading comprehension task adopted from the HSK test was to measure the ability of learners to identify coreference, specific contextual information, and main ideas of short passages. Based on the instructional level of participants, reading comprehension questions were selected from HSK levels 3 to 5. There were 18 short passages and 18 follow-up comprehension questions (one question per passage). All questions were followed with four options, and the participants were asked to choose the most appropriate one. Sample items of all six measurements are given in the Supplementary File.





RESULTS


Descriptive Statistics and Correlations

Table 1 presents the descriptive results of morphological awareness, vocabulary knowledge, lexical inference, and reading comprehension. The accuracy rates of the tested variables were in the range from 74.2% (word-meaning knowledge) to 81.3% (morpheme segmentation ability). Based on SDs, most of the measurements had adequate dispersions. Vocabulary knowledge measures, including character knowledge and word-meaning knowledge, were relatively widespread. The indices of skewness and kurtosis (based on the raw scores) showed that all the measurements had normal distributions.


Table 1. Descriptive statistics of morphological awareness, vocabulary knowledge, lexical inference, and reading comprehension.
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Table 2 shows the correlations among the variables. All the measurements had significant correlations with each other. Morphological awareness in the form of morpheme segmentation and morpheme discrimination had significant and moderate relationships with reading comprehension (r = 0.46, p < 0.001; r = 0.57, p < 0.001). Vocabulary knowledge indexed by character knowledge and word-meaning knowledge also had significant and moderate correlations with reading comprehension (r = 0.48, p < 0.001; r = 0.59, p < 0.001). Lexical inference had a relatively strong correlation with reading comprehension (r = 0.61, p < 0.001).


Table 2. Bivariate correlations among morphological awareness, vocabulary knowledge, lexical inference, and reading comprehension.
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Hierarchical Regression

Prior to the model testing, hierarchical multiple regression was employed to confirm the relative contributions of the tested variables to reading comprehension (a scatter plot is provided in the Supplementary File). Morphological awareness, vocabulary knowledge, and lexical inference were subsequently entered into three different blocks. The results demonstrated that morphological awareness predicted a significant proportion of variance in reading comprehension (37.8% of the total variance explained). Both segmentation and discrimination abilities contributed to reading comprehension (β = 0.229, p < 0.001; β = 0.467, p < 0.001). Vocabulary knowledge explained 6.3% additional significant variance in reading comprehension after morphological awareness was controlled for. To be more precise, word-meaning knowledge had a significant impact on reading comprehension (β = 0.305, p < 0.001), whereas character knowledge had non-significant contributions to reading comprehension (β = 0.032, p = 0.632). Finally, lexical inference predicted 6.6% extra significant variance in reading comprehension even after the control of morphological awareness and vocabulary knowledge (β = 0.336, p < 0.001).



Identifying Preferred Models

A path analysis was then conducted to explore the interconnected relationship among morphological awareness, vocabulary knowledge, lexical inference, and reading comprehension in L2 Chinese learners. Two alternative path models were tested. The first model hypothesized that morphological awareness and vocabulary measures were the covariates that predicted reading comprehension via lexical inference (Figure 1). The second model assumed that morphological awareness predicted reading comprehension through vocabulary knowledge and lexical inference (Figure 2). By testing the goodness-of-fit measures, we specified and identified a preferred path diagram. Model fit indices were initially computed based on the diagram that all the variables are connected. Given the degrees of freedom, re-specification was conducted in both models. In both models, character knowledge did not yield significant contributions to lexical inference; therefore, the route between character knowledge and lexical inference was removed in the model fit analysis.


[image: Figure 1]
FIGURE 1. Model 1 hypothesizing the joint contribution of morphological awareness and vocabulary knowledge to reading comprehension through lexical inference. The dotted line was removed in the model re-specification.



[image: Figure 2]
FIGURE 2. Model 2 hypothesizing the mediation through vocabulary knowledge and lexical inference.


A few studies on applied statistics and psychometrics suggest that comparative fit index (CFI), normed-fit index (NFI), non-NFI (NNFI) > 0.95 (Bentler, 1990), and a root mean square error of approximation (RMSEA) < 0.08 (Browne and Cudeck, 1993) yield a good model fit. According to the model fit indices, the first model had a perfect model fit [image: image] = 0.294, p = 0.588 (CFI = 1.00, NFI = 1.00, NNFI = 1.00, RMSEA = 0.00), whereas the second model did not yield an acceptable fit: [image: image] = 238.57, p < 0.0001 (CFI = 0.811, NFI = 0.811, NNFI = 0.813, RMSEA = 0.158). Therefore, the model assuming the covariates of vocabulary knowledge and morphological awareness in predicting reading comprehension was identified as the preferred model.



Testing of Direct and Indirect Effects

Model 1 was identified as the path model to further examine the direct and indirect effects of morphological awareness on reading comprehension. Table 3 presents the standardized regression weights of individual variables. In the model fit testing, morphological awareness and vocabulary knowledge measures were found to be the covariates predicting reading comprehension. The model estimates of the path diagram showed that the morphological awareness measures (morpheme segmentation and morpheme discrimination) and word-meaning knowledge had significant direct contributions to reading comprehension ([image: image] = 0.176, p < 0.001, [image: image] = 0.193, p < 0.01, [image: image] = 0.203, p < 0.01), whereas character knowledge did not contribute to reading comprehension ([image: image] = 0.055, p = 0.40). Through a mediating route of lexical inference, we found that morpheme discrimination and word-meaning knowledge had significant contributions to lexical inference ([image: image] = 0.334, p < 0.001, [image: image] = 0.387, p < 0.001). Meanwhile, the connection between lexical inference and reading comprehension was significant ([image: image] = 0.290, p < 0.001).


Table 3. Standardized regression weights for a preferred path model.
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In summary, character knowledge had no significant direct or indirect contributions to reading comprehension. Morphological awareness had a direct contribution to reading comprehension. Finally, it is worth noting that morphological discrimination and word-meaning knowledge contributed to reading comprehension through a partial mediation of lexical inference.




DISCUSSION

The study yielded two sets of important findings. First, instead of assuming the developmental sequence of morphological awareness and vocabulary, the preferred model verified that the two constructs were the covariates in predicting L2 Chinese reading comprehension. Second, morphological awareness facets had both direct and indirect effects on L2 reading comprehension through the mediation of lexical inference.


Joint Contributions of Morphological Awareness and Vocabulary Knowledge to L2 Chinese Reading Comprehension

One salient finding of the current study was the joint and non-sequential contribution of morphological awareness and vocabulary knowledge to L2 Chinese reading comprehension. Prior studies tested a few pathways assuming the developmental order of morphological awareness and vocabulary in L1 Chinese reading comprehension (Zhang, 2016a; Zhao et al., 2019; Kim et al., 2020; Qiao et al., 2021). Nevertheless, the current study found that morphological awareness and vocabulary knowledge were the two parallel components in predicting L2 Chinese reading comprehension. There are a few interpretations based on the existing literature. First, the modality of vocabulary knowledge may affect the developmental pattern of morphological awareness and vocabulary knowledge in reading. Most previous studies capitalized on young students' orally based morphological awareness and vocabulary (e.g., Zhao et al., 2019; Kim et al., 2020). Oral language constructs the initial linguistic competencies for advanced reading acquisition (Ouellette, 2006; Foorman et al., 2015). According to the extant literature, orally assessed morphological awareness enhanced oral vocabulary, thus contributing to reading comprehension in L1 Chinese. However, this study measured the written morphological awareness and vocabulary knowledge in L2 Chinese. In addition to the oral morphological analysis, visually presented stimuli induced grapho-morphological activation of target words. The written vocabulary also incorporates partial word-meaning activation. Therefore, the task modality of morphological awareness and vocabulary may not generate the potential causal pattern of the two constructs. Second, the discrepancy between L1 Chinese reading and L2 Chinese reading may attribute to the results. Metalinguistic awareness develops as long as learners are found to have exposure to oral and written communication (Berko, 1958). Morphological awareness initially developed through the constant input in L1 enhances vocabulary acquisition (Mcbride-Chang et al., 2005). Metalinguistic awareness is a byproduct of early vocabulary. Zhang and Koda (2018b) scrutinized the contributions of vocabulary knowledge and morphological awareness to Chinese heritage language reading comprehension. Through structural equation modeling with a bootstrap estimation method, the study demonstrated that both vocabulary knowledge and morphological awareness contributed to L2 Chinese reading comprehension. The bootstrap estimation verified the precedent role of vocabulary knowledge in Chinese reading comprehension. In other words, vocabulary knowledge contributed to morphological awareness, which in turn enhanced Chinese reading comprehension. Like L1 readers that have early exposure to Chinese, heritage language students can exploit extant vocabulary knowledge to enhance metalinguistic awareness, and subsequently reading comprehension. Nonetheless, in the L2 context, vocabulary knowledge and morphological awareness both are emerging capacities given that learners have limited experiences in the target language prior to the formal classroom instruction. Insufficient vocabulary knowledge may not benefit the abstraction of morphological structures and morphemic meanings. Our study lent support to the codevelopment of morphological awareness and vocabulary knowledge in L2 Chinese reading comprehension.



Direct and Indirect Effects of Morphological Awareness and Vocabulary Knowledge on L2 Chinese Reading Comprehension

As synthesized in the review literature prior studies have confirmed both direct and indirect effects of morphological awareness on reading comprehension among L1 Chinese children. This study emphasized the contribution of morphological awareness and vocabulary knowledge facets to L2 Chinese reading comprehension. First, it is worthy of note that morphological awareness, in the form of morpheme segmentation and morpheme discrimination as well as word-meaning knowledge, had significant direct contributions to Chinese reading comprehension, whereas character knowledge had no direct contributions to reading comprehension. Although meaning activation was involved, the measurement of character knowledge itself was to capture the ability to understand the orthographic forms of Chinese words. Form- and meaning-induced abilities in word processing seem to generate various degrees of contribution to reading comprehension (Zhang et al., 2019). Second, given the covariates of morphological awareness and vocabulary knowledge, this study verified a mediating effect through lexical inference. The inclusion of vocabulary knowledge in the mediating path routes does not yield significant patterns (Zhao et al., 2019; Qiao et al., 2021); however, reading fluency and word reading ability take the leading roles in connecting morphological awareness and reading comprehension in Chinese. The present findings further underscored the importance of lexical inference in associating morphological awareness and reading comprehension in L2 learners. Considering the sequence from the local word-meaning retrieval to text-meaning construction, we conjecture that morphological awareness constructs local semantic meaning within morphologically complex words and that lexical inference builds upon local semantic abstraction and activation to further retrieve contextual meaning. Such intermediary facilitation ultimately enhances reading comprehension (Zhang, 2016a; Levesque et al., 2017, 2019).




CONCLUSIONS AND IMPLICATIONS

This study confirmed the facilitative effect of morphological awareness on L2 Chinese reading comprehension. More importantly, grapho-morphological awareness and written vocabulary knowledge were found to be the two parallel components contributing to L2 Chinese reading comprehension via the mediation of lexical inference.

There are also a few limitations, which need further exploration. First, the current study did not administer a standardized proficiency test to control for the proficiency level of learners. Future studies should consider the proficiency control and the moderation effect of proficiency on the correlational pattern. Second, additional socio-cognitive factors may also be the covariates in L2 Chinese reading development. Future studies can incorporate learning motivation/attitudes, learning contexts, and the factors of individual differences.
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Reading comprehension entails a set of distinct, yet interdependent cognitive, linguistic, and nonlinguistic processes. Previous second language (L2) Chinese studies have identified significant and positive impacts of grapho-morphological knowledge at the character and subcharacter (radical) levels on passage reading comprehension; however, little is known regarding how early L2 grapho-morphological knowledge at the character and radical levels jointly predict later L2 reading comprehension. This study aimed to fill this gap. One hundred and five beginning-level L2 Chinese collegiate learners were recruited, and completed two character-related and two radical-related tasks in Week 8, as well as one reading comprehension tasks in Week 18. The main findings, based on correlational and path analyses, suggested that L2 Chinese learners’ early character-level and radical-level grapho-morphological knowledge significantly predicted later reading comprehension, yet the interrelations among grapho-morphological knowledge at the character and radical levels were complex. Path analyses identified direct and indirect paths from early character-level grapho-morphological knowledge to later reading comprehension, as well as indirect paths from early radical-level grapho-morphological knowledge to later reading comprehension. Methodological and pedagogical implications for L2 Chinese reading research and practices are discussed.
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INTRODUCTION

According to the componential view of reading, reading comprehension entails a set of distinct, yet interdependent cognitive, linguistic, and nonlinguistic skills from the lower levels to higher levels (Carr and Levy, 1990; Koda, 2005), among which grapho-morphological knowledge plays an important role in both first language (L1) and second language (L2) reading (Kirby and Bowers, 2017). Grapho-morphological knowledge is defined as “the ability to reflect upon how semantic information is encoded in the orthography and how orthography provides cues to meaning” (Kuo and Anderson, 2008, p.54). It should be noted that grapho-morphological knowledge has also been termed as grapho-morphological awareness or grapho-morphological processing, referring to the more explicit versus more implicit/tacit processes in which readers manipulating the mapping among morphology, phonology and orthography in a word. Following Nagy et al. (2014), we have adopted “knowledge” as an overarching umbrella term in this study.

Previous cross-sectional studies have identified the positive effects of grapho-morphological knowledge on reading comprehension among L1 alphabetic (English) speakers (e.g., Levesque et al., 2017), L1 non-alphabetic (Chinese) speakers (e.g., Ku and Anderson, 2003; Tong et al., 2009; Zhang, 2017), Chinese-English bilingual children (e.g., Pasquarella et al., 2011), school-aged Chinese-speaking learners of English as a Foreign Language (e.g., Zhang and Koda, 2013), and American university Chinese heritage language learners (e.g., Zhang and Koda, 2018). Recently, a few researchers have investigated how grapho-morphological knowledge acquired during spoken language development at the early stage of learning a language (abbreviated as early in this study) predict literacy development among native Chinese-speaking children (e.g., Tong et al., 2011; Pan et al., 2016). Compared against cross-sectional studies based on correlational and observational evidence, longitudinal research is advantageous for it provides inferences about the causal relationship between grapho-morphological knowledge and reading development (see a review in Ke and Zhang, 2021). However, little is known regarding the longitudinal relationship between early L2 grapho-morphological knowledge and later reading comprehension in L2 reading development during a relatively long period. Later means a different point in time after the early period of learning a language (cf. Ortega and Iberri-Shea, 2005, p.32).

This study aimed to uncover how early character- and radical-level grapho-morphological knowledge jointly predicts reading comprehension in L2 Chinese in beginning-level collegiate learners. It is expected that it will provide theoretical, methodological, and pedagogical implications for L2 reading research and practices.


The Unique Grapho-Morphological Writing System of Chinese

Unlike the writing systems of languages with alphabetic scripts (e.g., English), Chinese has a unique multilevel writing system based on characters (Taft et al., 1999). Specifically, the orthographic units can be divided into four levels: multicharacters, characters, radicals, and strokes. The corresponding semantic units can be categorized as multicharacters, characters, and semantic radicals. Therefore, the Chinese grapho-morphological system is divided into character and radical levels (Shu and Anderson, 1997; Li et al., 2002; Wu et al., 2009). At the character level, a Chinese character is mostly (more than 93%) treated as a single morpheme (Yuan and Huang, 1998), which refers to a minimal, linguistic unit combining a meaning or grammatical function with a sound (Finegan, 2007). Single characters or multicharacters can form words in Chinese. At the radical level, compound characters’ grapho-morphological features are indicated by connections between semantic radicals’ forms and meanings in Chinese (Wu et al., 2009). In fact, most (80–90%) characters in modern Chinese are semantic-phonetic compound characters (Shu, 2003), within which a semantic component (radical in this study) offers information on the semantic category and a phonetic component provides a clue to the pronunciation. Compound characters sharing an identical semantic radical represent a similar semantic category. For example, the characters 湖 [(xu) (35), “lake”], 河 [(xɤ) (35), “river”], and 池 [(tʂʰ) (35), “pond”] have the same radical 氵 (water): thus, the meanings of these characters all relate to the meaning of 水 [(ʂu̯eɪ̯) (214), “water”]. Chinese pronunciation was transcribed into IPA following Handel et al. (2021). The major function of semantic radicals thus is to distinguish a large number of homophones, such as 晴, 情, 氰, based on their meanings. The distinctive characteristics of the Chinese writing system, then, mean that grapho-morphological knowledge is extremely important in reading Chinese both for native Chinese speakers and L2 Chinese readers.



The Role of Grapho-Morphological Knowledge in L1 and L2 Chinese Reading Comprehension

It has been generally accepted that grapho-morphological knowledge plays an important role in reading comprehension for native Chinese speakers (e.g., Ku and Anderson, 2003; Shu et al., 2006; Zhang et al., 2012; Yeung et al., 2013; Zhang, 2017). For example, Shu et al. (2006) found that the ability to identify, analyze, and manipulate morphemes in words was a strong, consistent predictor of literacy-related skills (e.g., character reading and reading comprehension) among 75 Chinese children with reading difficulties and 77 without reading difficulties in the 5th and 6th grade. In addition, Zhang et al. (2012) investigated the relationship among morphological awareness (broadly defined as learners’ sensitivity to word-internal structures) at the word-level, orthography-semantic awareness at the radical level, and reading comprehension among 164 Hong Kong Chinese primary school students. They found that grapho-morphological knowledge at the character and radical levels (i.e., morphological awareness and orthography-semantic awareness) broadly and uniquely explained reading comprehension beyond word recognition and phonological processing skills.

Regarding the contribution of character-level grapho-morphological knowledge to L2 Chinese reading comprehension, a few empirical studies have recently investigated the mediated relationships among grapho-morphological awareness, vocabulary knowledge, and reading comprehension in L2 Chinese (e.g., Wu, 2017; Zhang and Koda, 2018). For example, Zhang and Koda (2018) explored the role of grapho-morphological awareness in L2 reading ability among 195 English-speaking adult learners of Chinese as a heritage language. One of their findings showed that grapho-morphological awareness significantly contributed to reading comprehension directly, independent of vocabulary knowledge. Similarly, Wu (2017) investigated the relationship between grapho-morphological awareness and reading comprehension in L2 Chinese among 143 intermediate-level Thai-speaking adult Chinese language learners. Wu’s study found that both grapho-morphological awareness and vocabulary knowledge had positive effects on L2 Chinese reading comprehension. Nevertheless, both studies merely focused on grapho-morphological knowledge at the character level, not examining radical-level knowledge.

Although substantial research has supported that grapho-morphological knowledge at the radical level facilitated single-character and multicharacter word reading (e.g., Tong and Yip, 2015; Wong, 2017), few L2 Chinese studies, to our knowledge, investigated the role of this knowledge in reading comprehension. Ke and Chan (2017) investigated L2 Chinese reading strategies by a think-aloud method among 68 L2 Chinese learners of three different proficiency levels in China. Their qualitative analyses indicated that L2 Chinese readers prefer to use bottom-up strategies, such as using information of a familiar radical. Yang (2020) analyzed word reading and reading comprehension among 70 L2 Chinese learners from American universities and found that orthographic and morphological factors were main types of reading errors. The two studies reviewed above seemed to support the positive role of radical-level grapho-morphological knowledge in L2 Chinese reading comprehension, but neither directly measured L2 Chinese radical-level grapho-morphological knowledge.



Early Grapho-Morphological Knowledge in Later Reading Comprehension in Chinese

Although a few studies have discussed the relations between early grapho-morphological knowledge and later reading comprehension in an alphabetic language (i.e., English) as L1 or L2 (e.g., Deacon and Kirby, 2004; Deacon et al., 2014), evidence in Chinese has just emerged recently. Among L1 Chinese studies, it has been found that grapho-morphological knowledge plays a unique role in word reading (e.g., Tong et al., 2011; Yeung et al., 2013) and reading comprehension longitudinally (e.g., Pan et al., 2016; Zhang, 2016). For example, Pan et al. (2016) investigated 294 Chinese-speaking children in an 8-year longitudinal study. One main finding showed that preliterate phonological and morphological awareness at ages 4 to 6 indirectly affected character reading and reading comprehension at age 11, through grapho-morphological awareness at ages 7 to 10. The result emphasized the importance of the possible indirect contribution of early grapho-morphological knowledge to later reading comprehension.

Viewed collectively, grapho-morphological knowledge plays an important role in reading Chinese, which adopts a morphosyllabary writing system. Although a few empirical cross-sectional studies have provided evidence supporting the positive effects of grapho-morphological knowledge in L2 Chinese reading comprehension, there is still a need for a comprehensive investigation that measures grapho-morphological knowledge at character and radical levels and examines how character- and radical level grapho-morphological knowledge contributes to later L2 Chinese reading comprehension from a longitudinal perspective.



Research Questions and Hypotheses

This study focused on the relationship among early grapho-morphological knowledge at the character level (operationalized as character recognition and manipulation) and at the radical level (operationalized as radical identification and analysis), as well as later reading comprehension for beginning-level L2 Chinese collegiate learners.

Grounded in existing literature of reading research (e.g., Shen and Ke, 2007; Lü et al., 2015; Pan et al., 2016; Zhang and Koda, 2018), it was hypothesized that (1) early grapho-morphological knowledge at both character and radical levels significantly predict later reading comprehension in L2 Chinese; and (2) early character-level grapho-morphological knowledge and early radical-level grapho-morphological knowledge, to varying degrees, directly and indirectly predict later reading comprehension (see the conceptual models in Figures 1A–C). The hypotheses were translated into one guided research question: What are the direct and indirect contributions of early character-level grapho-morphological knowledge and early radical-level grapho-morphological knowledge to later reading comprehension in L2 Chinese?


[image: image]

FIGURE 1. Three different conceptual models (A–C) of the interrelationships among early radical-level and character-level grapho-morphological knowledge as well as later reading comprehension.




MATERIALS AND METHODS


Participants

A total of 105 beginning-level L2 Chinese learners at one university in China took part in this study (45 females and 60 males). Their ages ranged from 18 to 20 years old, and they came from 40 countries. All of the participants self-reported their L1 or official language to be a language with an alphabetic script, like English, Spanish, Russian, and French. All participants were enrolled in the Beginning-I Chinese program, in which the participants received intensive Chinese instructions (20 h per week) and used the textbook Chinese in 10 Days (Yang, 2016). They were taught by different instructors, yet they used the same teaching syllabus in the same Chinese program. None of the participants had visited China nor studied Chinese before, which means that they did not have any listening, speaking, reading or writing skills in Chinese when they began the Chinese courses in Week 1 (the beginning of the semester). During Week 1 and Week 2 of the Beginning-I Chinese course, all participants learned Pinyin (the Romanization script of the Chinese characters based on their pronunciation in Mandarin Chinese) and were given brief introductions about characters in the form of basic knowledge and rules about strokes and radicals.



Measures

The study’s measures were all based on paper-pencil tasks, including character recognition, character manipulation, radical identification, radical analysis, and reading comprehension. The task scores were used to represent the participants’ corresponding L2 Chinese reading abilities. It is predicted that a participant with a stronger ability should perform better and receive a higher score on the corresponding task.


Radical Identification Task

This task was adapted from Chen (2019), and it specifically investigated the participants’ orthographic ability to identify the semantic radical in a compound character. The participants were presented with a low-frequency unfamiliar compound character, like 熨 [(yn) (51), “ironing”] and four Chinese options, like 火 [(xuɔ) (214), “fire”], 尸 [(ʂʅ) (55), “dead body”], 示 [(ʂʅ) (51), “to show”], and 寸 [(tsʰuən.) (51), “1/3 decimeter; short”]. Among these options, each represents one component in the target character. The participants were asked to circle the radical indicating the meaning of the character. In this case, the correct answer was 火. There were 24 target items, including “睅, 蒯, 魇, 徼, 罴, 绺, 铏, 圛, 馓, 𢌫, 隩, 邂, 愬, 籁, 愀, 屦, 猢, 熨, 凛, 窿, 禊, 霭, 膻, 赘” Each correct response was calculated as one point, and the maximum score in this task was 24. The Split-Half reliability of the task was excellent (Cronbach’s α = 0.90).



Radical Analysis Task

This task measured the participants’ ability to identify semantic radicals within a compound character and analyze whether the semantic radical is related to the character’s meaning. Twenty commonly used radicals were selected from the participants’ textbooks based on their radical familiarity, including “阝, 火, 冫, 饣, 穴, 辶, 雨, 彳, 贝, 廴, 犭, 钅, 忄, 灬, 刂, 广, 目, 竹, 囗, 纟.” The mean of radical familiarity was 3.20 out of 4, which was based on statistics from Lü et al. (2015, p. 6). All of the selected characters were complex characters (the mean of stroke numbers was 16.67). A picture and four very low-frequency unfamiliar compound characters were presented (see details in Table 1 below). The participants were asked to circle the character that best describes the picture. In this case, the expected answer was Option-2. Each correct response was calculated as one point, and the maximum score was 20 points. The Split-Half reliability of the task was acceptable (Cronbach’s α = 0.71).


TABLE 1. An example of the radical analysis task.

[image: Table 1]


Character Recognition Task

This task measured the learners’ ability to recognize familiar characters from graphic forms. The task was adapted from Liu (2013), which asked the participants to indicate (1) their familiarity with 40 characters from the participants’ textbooks (learned and will learn) by circling “Yes” or “No” and (2) the sounds of the characters by writing down their Pinyin. The participants were not required to guess characters’ sounds when they were unsure. Each “Yes” selection with correct Pinyin was calculated as one point, and the maximum score for this task was 40 points. We did not record individual participants’ audio responses for two reasons: (1) to avoid penalizing L1 alphabetic background participants’ non-native speech or tone mistakes; (2) to make the task feasible for group administration. The Split-Half reliability of the task was good (Cronbach’s α = 0.85).



Character Manipulation Task

The format of this task was adopted from Wu et al. (2009). The character manipulation task measured the participants’ ability to manipulate multiple characters to produce compound words. Twenty-five high-frequency characters were provided in a table, including “每, 人, 天, 女, 水, 高, 店, 上, 大, 美, 小, 明, 酒, 家, 客, 工, 来, 本, 下, 回, 生, 子, 起, 国, 日.” All these characters were familiar to the participants. The participants were asked to create as many new words as possible in 5 min using the 25 characters. For example, the character “每” [(memeɪ̯) (214), “eery”] and the character “人” [(ʐən) (35), “person”] can be composed as the word “每人” [(memeɪ̯) (214) (ʐən) (35), “everyone”]. This study used total numbers of real words that the participants created to represent their character manipulation ability. The criteria of a word were based on the Committee of Contemporary Chinese Dictionary (2003). It should be noted that the 25 characters in the task could compose 60 two-character words in the Chinese dictionary, but many possible composed words are unfamiliar for L2 learners, such as 本家 or 本家. Therefore, the total score and Cronbach’s α in this task were not applicable given that it is a productive task (see a similar approach in Chen, 2021).

In summary, radical identification exclusively needs learners’ orthographic ability, whereas, radical analysis requires both orthographic and graphomorphemic ability.



Reading Comprehension Task

This task was adopted from the reading section in the Chinese Proficiency Test (HSK)-level 4 and mainly measured learners’ general reading ability, including knowledge of vocabulary and grammar, as well as passage understanding and inference. This task included three parts: sentence reading by inserting appropriate words, sentence organizing by ordering clauses, and short-passage reading comprehension. In Part 1, the participants were asked to select an appropriate word from a vocabulary pool to insert a sentence with a blank, for example, 明天可能下雨 你记得[ ]儿子带伞 (It might be raining tomorrow, please [] our son to bring umbrella.) The answer in this case was 提醒 [(ti) (35) (ɕiŋ) (214), “remind”]. There were 10 items in this part. In Part 2, the participants were asked to reorganize three clauses in each item and to create a new sentence. For example, Option A was “茶不仅仅是一种饮料 (Tea is not only a drink)”; Option B was “它在中国有着几千年的历史 (It has a history of several thousand years in China)”; and Option C was “而且还是一种文化 [but also (it) is a kind of culture].” The expected answer in this example was “A, C, and B.” There were also 10 items. In Part 3, the participants were asked to read several short passages ranging from 30 to 150 characters, and after each passage they were asked to select correct answers regarding the passage’s main idea and/or detailed information from four options. There were 20 questions in Part 3. Each correct selection for the items in Part 1 and 2 was calculated as 2 points, and each correct selection for the items in Part 3 as 3 points in terms of the rubrics of HSK (Hanban, 2009). The total score of the reading comprehension task was 100 points. Cronbach’s α in this task was not reported given that HSK is a national, standardized test in China, whose reliability was officially validated by Luo et al. (2011). In this study, reading comprehension task (Week 18) was selected from the published HSK tests (level 4).



Procedures

In this study, all of the participants completed two character-level and two radical-level grapho-morphological knowledge tasks in Week 8 and one reading comprehension task in Week 18 during the first semester of the year (including 20 official weeks). The participants received a background questionnaire online, which was developed by the Office of International Students at the university when they registered for classes at the beginning of the semester. The participants completed all the paper-pencil tasks in their classrooms. Upon completion of the testing, all participants were given souvenirs for their time.



RESULTS

A total of 103 participants were included in the statistical analysis because two participants missed at least one task (All data and analysis results are available at: https://osf.io/avner/files/). To answer the research question posed earlier, descriptive statistics, correlational and path analyses results are presented below. The descriptive data for all the tasks are presented in Table 2, including mean scores, standard deviations (SDs), and 95% confidence intervals.


TABLE 2. Descriptive statistics of radical identification, radical analysis, character recognition, character manipulation, and reading comprehension (N = 103).

[image: Table 2]As shown in Table 2, elementary-level learners performed better at the initial learning stage in identifying radicals (the mean accuracy rate was around 52%) than analyzing radicals (the mean accuracy rates was 40%). Second, although L2 learners did not perform well in character recognition and manipulation, relatively large SDs suggest that learners’ understanding of characters appeared individually different at least from Week 8. In addition, learners’ reading comprehension abilities in Week 18 were not satisfactory (the mean accuracy rate was 45%), but the relatively large SD indicates that some learners developed this reading ability faster, whereas, others developed it more slowly. In addition, we used Pearson product moment correlation.

coefficient to analyze the specific relevance on individual variables and intercorrelations among all the variables are reported in Table 3.


TABLE 3. Correlations among radical identification, radical analysis, character recognition, character manipulation, and reading comprehension (N = 103).

[image: Table 3]The results in Table 3 showed that most of the observed variables were significantly and positively correlated with each other. A marginal correlation has been found between radical identification and radical analysis.

To further understand the relationships among each early character- and radical-level grapho-morphological knowledge and later reading comprehension, path analyses were conducted to investigate the direct and indirect predictions of grapho-morphological knowledge at radical- and character-levels to reading comprehension. To recapitulate, the conceptual model 1 (see Figure 1A) hypothesized that (a) radical- and character-level grapho-morphological knowledge directly predicted later reading comprehension; and that (b) radical-level grapho-morphological knowledge also made indirect predictions to later reading comprehension via character-level grapho-morphological knowledge. Second, the conceptual model 2 (see Figure 1B), based on the conceptual model 1, hypothesized that radical identification did not directly predict later reading comprehension, yet radical analysis made a direct prediction. Third, the conceptual model 3 (see Figure 1C) hypothesized that (a) character-level grapho-morphological knowledge directly predicted later reading comprehension; and that (b) radical-level grapho-morphological knowledge made indirect predictions via character-level grapho-morphological knowledge. Then, the model fits were tested separately.

In the conceptual model 1, a just-identified model, the degrees of freedom = 0, which means the chi-square goodness-of-fit test was not applicable. In addition, no significant direct paths were found from both radical identification and analysis to later reading comprehension (ps > 0.05). In the conceptual model 2, the chi-square goodness-of-fit test did not support the convergence between the conceptual model 2 and the observed model. The result does not indicate a good model fit, χ2 (1,103) = 3.69, p = 0.055 (GFI = 0.98; NFI = 0.97; CFI = 0.98; RMSEA = 0.16; χ2/df = 3.69). While in the conceptual model 3, the chi-square goodness-of-fit test confirmed the consistency between our hypothesized model and the observed model. The result indicates a good model fit, χ2 (2,103) = 4.19, p = 0.12 (GFI = 0.98; NFI = 0.97; CFI = 0.98; RMSEA = 0.10; χ2/ df = 2.10). Taken together, we used the conceptual model 3 as the hypothesized model in this study. Then, path analyses were run to investigate the direct and indirect effects of grapho-morphological knowledge at the character and radical levels on later reading comprehension (see Figure 2).


[image: image]

FIGURE 2. The observed path model regarding how early radical-level and character-level grapho-morphological knowledge predicts later reading comprehension.


Table 4 shows the standardized regression weights of different path routes. It was found that: (a) radical identification ability marginally had a direct effect on radical analysis ([image: image] 0.190, p = 0.05), character recognition ([image: image] 0.155, p = 0.10) and character manipulation ([image: image] 0.123, p = 0.09), and radical analysis ability significantly and directly contributed to character recognition ([image: image] 0.322, p < 0.001) and character manipulation ([image: image] 0.291, p < 0.001). (b) Character recognition ability directly had significant impacts on character manipulation ability and reading comprehension in Week 18 ([image: image] 0.495, p < 0.001;[image: image] 0.338, p < 0.01); character manipulation ability significantly predicted reading comprehension in Week 18 ([image: image] 0.248, p < 0.05).


TABLE 4. Standardized regression weights for all measures based on conceptual model 3.

[image: Table 4]Table 5 shows the direct and indirect effects of grapho-morphological knowledge at the character and the radical levels on reading comprehension in Week 18. The findings indicated that (a) radical-level grapho-morphological knowledge significantly made indirect contributions to later reading comprehension via other reading subskills at the relatively higher levels. Specifically, radical identification ability via radical analysis ability indirectly contributed to later reading comprehension. Subsequently, radical analysis ability had an indirect contribution to later reading comprehension via character-level knowledge; and (b) character-level grapho-morphological knowledge significantly made direct and indirect contributions to later reading comprehension. Specifically, character recognition ability directly contributed to reading comprehension in Week 18, as well as indirectly contributed to reading comprehension in Week 18 through character manipulation ability; character manipulation ability directly predicted reading comprehension in Week 18.


TABLE 5. Standardized total effects, direct effects, and indirect effects on reading comprehension based on conceptual model 3.

[image: Table 5]To answer the research question, early grapho-morphological knowledge at both levels significantly affected later reading comprehension in L2 Chinese; character-level grapho-morphological knowledge made both direct and indirect contributions to later reading comprehension in L2 Chinese while radical-level grapho-morphological knowledge made indirect contributions.



DISCUSSION

This study examined the relations between early grapho-morphological knowledge and later reading comprehension in beginning-level collegiate L2 Chinese learners, and measured grapho-morphological knowledge at both character and radical levels. First, the findings indicated that grapho-morphological knowledge at the character and radical levels in Chinese, particularly for beginning-level L2 learners, are both significant predictors of reading comprehension across time. Previous L1 Chinese studies have shown that grapho-morphological knowledge (at the character level) were unique and significant predictors of reading comprehension in Chinese (e.g., Ku and Anderson, 2003; Shu et al., 2006; Yeung et al., 2013; Wu, 2017; Zhang, 2017; Zhang and Koda, 2018), and the reading knowledge had long-term effects for native Chinese speakers (e.g., Pan et al., 2016; Zhang, 2016). This study not only supports the positive roles of character-level grapho-morphological knowledge in later reading comprehension, but also expands our understanding that early radical-level grapho-morphological knowledge could play significant, predictive roles in later reading comprehension. Tables 4, 5 showed joint predictions of early grapho-morphological knowledge at the character and radical levels in later reading comprehension. The results suggest that, in addition to beginning-level learners’ character (morpheme) knowledge, L2 learners’ sensitivity to character-internal structures and their understanding to the compositional rules at the character and radical levels could facilitate their reading development in Chinese (Chen and Feng, 2020).

Second, early radical-level grapho-morphological knowledge indirectly predict later reading comprehension via their relatively higher-level grapho-morphological knowledge (at the character level). Admittedly, radical-level grapho-morphological knowledge is about learners’ orthographic knowledge of characters, radicals’ semantic representations, and their understanding of how to compose radicals and simple characters in a systematic writing rule; and a better understanding of character-internal structures and their semantic categories might not give L2 learners advantages when determining the meaning of a phrase, sentence or short passage. However, this better understanding helps L2 learners, particularly at the early stage of learning L2 characters, more easily read, analyze, and memorize characters and multicharacter words (Shen and Ke, 2007; Tong and Yip, 2015). Therefore, learners with more sensitivity to character-internal structures, as well as radical positions and semantic categories, often have a larger character and vocabulary size and a deeper understanding of characters’ meanings and collocations. The character and multicharacter word size (numbers of known characters and words) and depth (how well they know each character and word) (cf. Koda, 2005) directly affect leaners’ word-meaning inference and sentence-meaning construction in Chinese (e.g., Zhang, 2015, 2016; Zhang and Yang, 2016).

Consistent with the previous studies (e.g., Shen and Ke, 2007; Lü et al., 2015), the findings in this study support the direct contribution of radical-level grapho-morphological knowledge to character recognition and manipulation abilities. The results also indicated that the radical-level grapho-morphological knowledge, even for the radical identification subskill at the lowest level in the Chinese hierarchical writing system, positively and indirectly affect and predict later reading comprehension at the highest level. This indirect contribution of the radical-level grapho-morphological knowledge can explain why the significant predictive value of radical awareness for reading comprehension was not found in Zhang et al. (2012) study. In Zhang et al.’s study, they used the regression analysis to treat the reading subskills at the radical and character levels as a group, but did not investigate the indirect effects of the radical-level knowledge on reading comprehension.

Finally, this study has found that early character-level grapho-morphological knowledge directly and indirectly predicts later reading comprehension. The general findings were consistent with previous studies for native Chinese speakers (e.g., Pan et al., 2016; Zhang, 2016), though the involved reading subskills were different. In fact, L2 Chinese learners unsurprisingly rely more on character-level knowledge in sentence-meaning and text-meaning comprehension, because characters, the basic units, were closely related to morphemes and words in the Chinese writing system (Zhu, 1982). One interesting finding in this study shows that the predictive role of character manipulation ability relatively strengthens in reading comprehension as learning-duration increases. This ability to create new words using known characters, to a larger extent, depends on learners’ vocabulary knowledge (size and depth), which is a reading subskill at a higher level (the multicharacter level) than the character level. One possibility is that some learners gradually integrate reading subskills at the lower levels and can more fully use reading subskills at the higher levels in reading comprehension, as they are more familiar with the Chinese writing system. Yet, further replication research is needed in the future.



CONCLUSION, LIMITATIONS, AND IMPLICATIONS

In summary, this study investigated the relations among grapho-morphological knowledge at the character and subcharacter/radical levels in Week 8 and later reading comprehension in Week 18 for beginning-level collegiate L2 Chinese learners. The main findings showed that grapho-morphological knowledge both at the character and radical levels were significant predictors of later reading comprehension. Path analyses results provided the specific, direct and indirect paths among character- and radical-level grapho-morphological knowledge to later reading comprehension. Specifically, early character recognition and manipulation directly and indirectly predicted later reading comprehension; in addition, early radical identification and analysis indirectly predicted later reading comprehension through character recognition and manipulation.

While this study has provided new empirical evidence, there were some limitations. First, only character recognition and manipulation at the character level were involved in this study. Other key reading abilities at the character and higher levels such as phonological awareness, and vocabulary knowledge, as well as cognitive abilities such as non-verbal reasoning, should be considered in the future. Second, the interactions of L1 effects and L2 reading subskills have not been considered. A future study would be improved if the participants’ L1 backgrounds were controlled with a larger sample size for a longer period (e.g., 1 year or more). Participants with the same L1 could minimize the possible effects brought by different L1 backgrounds and L1-L2 linguistic distance (e.g., Koda, 2005, 2007, 2015). A longer observation (e.g., more than 1 year) with data gathered at multiple times points in a larger group would provide more convincing data.

Pedagogically, the empirical findings in this study not only reemphasize the importance of early character knowledge in reading Chinese, but also provide new evidence of the predictive roles of subcharacter/radical-level knowledge. It has been widely acknowledged that native speakers should memorize as many new characters as possible at the early stage of Chinese learning; however, no consensus has been reached regarding how to more efficiently instruct L2 learners in character learning. Given the roles of radical-related reading subskills, it is suggested that instructions and exercises related to character-internal structures and radicals’ roles should receive more attention. Identifying character-internal structures can help L2 Chinese learners who are unfamiliar with the Chinese writing system gradually understand the basic rules of how radicals compose characters. Learners who have a deeper understanding of compositional rules of characters have less memory burden when they remember new characters. Similarly, learners who know more characters and compositional rules of words more easily memorize new words, particularly for those composed of familiar characters. Learners’ Chinese reading comprehension builds on both character- and subcharacter-level reading subskills. Therefore, a combination of character-based and radical-based character learning in an L2 Chinese class may be considered, particularly at the initial stage of learning an L2. Nevertheless, emphasizing the importance of grapho-morphological knowledge at the initial period of learning Chinese does not mean that such corresponding instruction is the only important aspect in teaching and learning L2 Chinese reading. Reading development in L2 may also be expanded by recognizing various factors in learning to read, such as prior knowledge, reading strategies, extensive reading experience, and personal interest.
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The present study aimed to investigate the neural mechanism underlying semantic processing in Mandarin Chinese adult learners, focusing on the learners who were Indo-European language speakers with advanced levels of proficiency in Mandarin Chinese. We used functional magnetic resonance imaging technique and a semantic judgment task to test 24 Mandarin Chinese adult learners (L2 group) and 26 Mandarin Chinese adult native speakers (L1 group) as a control group. In the task, participants were asked to indicate whether two-character pairs were related in meaning. Compared to the L1 group, the L2 group had greater activation in the bilateral occipital regions, including the fusiform gyrus and middle occipital gyrus, as well as the right superior parietal lobule. On the other hand, less activation in the bilateral temporal regions was found in the L2 group relative to the L1 group. Correlation analysis further revealed that, within the L2 group, increased activation in the left middle temporal gyrus/superior temporal gyrus (M/STG, BA 21) was correlated with higher accuracy in the semantic judgment task as well as better scores in the two vocabulary tests, the Assessment of Chinese character list for grade 3 to grade 9 (A39) and the Peabody Picture Vocabulary Test-Revised. In addition, functional connectivity analysis showed that connectivity strength between the left fusiform gyrus and left ventral inferior frontal gyrus (IFG, BA 47) was modulated by the accuracy in the semantic judgment task in the L1 group. By contrast, this modulation effect was weaker in the L2 group. Taken together, our study suggests that Mandarin Chinese adult learners rely on greater recruitment of the bilateral occipital regions to process orthographic information to access the meaning of Chinese characters. Also, our correlation results provide convergent evidence that the left M/STG (BA 21) plays a crucial role in the storage of semantic knowledge for readers to access to conceptual information. Moreover, the connectivity results indicate that the left ventral pathway (left fusiform gyrus-left ventral IFG) is associated with orthographic-semantic processing in Mandarin Chinese. However, this semantic-related ventral pathway might require more time and language experience to be developed, especially for the late adult learners of Mandarin Chinese.
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INTRODUCTION

Around the world, many people could speak multiple languages other than their mother tongue. Though an early view on language acquisition suggested that there is a critical period for learning a language (Lenneberg, 1967), many people are able to acquire another language in their late adulthood and even achieve native-like proficiency. The corresponding neuronal changes induced by the experience of second language acquisition have been one of the crucial topics in the study of bilingualism (Li et al., 2014). The present study aimed to investigate the neural correlates in the proficient-level Mandarin Chinese adult learners, who speak alphabetic languages as their native languages, during understanding words.

Compared to the Indo-European languages, Mandarin Chinese is unique for its logographic system (Wu and Chou, 2000; Reich et al., 2003). Chinese characters are monosyllabic and consist of smaller units like strokes and radicals with certain spatial arrangements. In addition, Mandarin Chinese is a tonal language with four lexical tones. Speakers of Mandarin Chinese rely on these lexical tones to differentiate characters or phrases during a conversation. Neuroimaging studies have shown similarities and dissimilarities between Mandarin Chinese and other alphabetic languages, such as English. For example, some common brain regions have been found in both English and Mandarin Chinese during semantic processing, including the left inferior frontal gyrus (IFG, BA45/47), left posterior middle temporal gyrus (MTG, BA21), and left inferior parietal lobule (BA39/40; Chou et al., 2006a,b, 2009). By contrast, some studies have pointed out that there are brain regions specific to the processing of Mandarin Chinese. For instance, compared to English reading, more activation in the right middle occipital gyrus (MOG) and right fusiform gyrus was found during Chinese reading (Bolger et al., 2005; Mei et al., 2015). Nelson et al. (2009) found that, for English native speakers who learned Mandarin Chinese for 1year, the left fusiform areas were activated when they read English stimuli, whereas the bilateral fusiform areas were activated when they read Chinese stimuli. These studies suggested that when viewing Mandarin Chinese, readers tend to recruit more brain regions associated with visuospatial analysis for processing orthographical information of Chinese characters.

Recently, several studies have investigated the neuronal changes of learning Mandarin Chinese by short-term language training (Wang et al., 2003; Wong et al., 2007; Deng et al., 2008, 2011; Qi et al., 2015; Yang et al., 2015). Wang et al. (2003) conducted Mandarin Chinese tone training in six native English speakers. Participants were asked to perform the tone identification task during the functional magnetic resonance imaging (fMRI) scanning sessions before and after training. They found that participants’ performance improvements in the tone identification task were related to the increased activation in the left superior temporal gyrus (STG, BA22) and right IFG (BA44). Wong et al. (2007) also found increased activation in the left STG in the successful learners as compared to the less successful learners in a word-learning paradigm, in which participants were trained to discriminate the meanings of artificial words by tonal differences. These studies suggested that the left STG might play a role in identifying lexical tones. In addition to tone learning, Deng et al. (2008) examined the Chinese characters learning in English native speakers. During their training, participants were asked to learn six lists of Chinese characters with their translational meanings in English. Their fMRI result showed that participants elicited greater activation in the left fusiform gyrus, left IFG, and left superior parietal lobule (SPL) after training. They suggested that the activated left fusiform gyrus was responsible for orthographic processing in Mandarin Chinese, whereas the left IFG was responsible for the retrieval and manipulation of semantic representations. Also, the left SPL might be associated with learning the visual-spatial relations of Chinese characters and transferring the knowledge of semantic radicals to the novel characters. These studies provided some neural evidence for short-term training effects in learning Mandarin Chinese as a second language; however, the long-term effects of second language learning and related changes in the brain are less understood in the current literature.

The primary research question of the present study is to examine the influence of learning Chinese as a second language on the ventral pathway with semantic processing. A prominent feature of Chinese words is the mapping from orthography to semantics (Cao et al., 2017; Chou and Booth, 2020). The relation between form and meaning in English admits many exceptions and lacks the reliability of semantic information at the sublexical level. In contrast, Chinese includes greater semantic information, such as semantic radicals at the sublexical level, showing a more direct mapping between orthography and semantics. Thus, it is crucial to observe the effect of learning Chinese as a second language on the neural substrates of semantic processing, particularly the ventral pathway (Wang et al., 2019). The ventral pathway has been associated with semantic processing, including the middle occipital gyrus, fusiform gyrus, middle/superior temporal gyrus, and IFG (Fan et al., 2020; Nichols et al., 2021).

Moreover, the second research question is to examine semantic processing in the ventral pathway for Mandarin Chinese adult learners with advanced proficiency levels. As most imaging studies of semantic processing in learning Chinese focus on short-term influences (review in Chung et al., 2019), the present study chooses to examine long-term effects on the ventral pathway (i.e., longer than 5years). The chosen learning length of 5years is based on previous imaging studies of semantic development in Chinese using cross-sectional (Lee et al., 2015; Chen et al., 2016; Fan et al., 2020) and longitudinal approaches (Lee et al., 2016; Chou et al., 2019; Fan et al., 2021). The long-term learning places substantial impacts on the ventral pathway. For example, a developmental increase in brain activation has been found in the left IFG and middle/superior temporal gyrus (Wong et al., 2019). In addition, dynamic interaction between brain regions, such as functional connectivity, shows developmental increases on the ventral pathway during semantic judgments (Fan et al., 2021). Taken from developmental implications, it is thus important to examine long-term learning effects on the ventral pathway with semantic processing.

The goal of the present study was to investigate the neural mechanisms of semantic processing in Mandarin Chinese adult learners with advanced proficiency levels. In particular, we focused on the ventral pathway to examine the mapping from orthography to semantics in Chinese (Cao et al., 2017; Chou and Booth, 2020). Also, we recruited late adult learners whose native languages were alphabetic languages to observe long-term effects on the ventral pathway. The regions of interest on the ventral pathway were the left IFG, middle/superior frontal gyrus (SFG), fusiform gyrus, and middle occipital gyrus. We expected to see the group differences in brain activity and functional connectivity along the ventral pathway between the L1 and L2 groups (Fan et al., 2021). Furthermore, we were interested in examining the individual differences among late adult language learners (Johnson and Newport, 1989; Gao et al., 2017; Chung et al., 2019). Two vocabulary tests were used to assess the individual’s semantic knowledge and examined the associated neural correlates of proficiency in Mandarin Chinese adult learners. We expected to see the individual differences in brain activity and functional connectivity along the ventral pathway in the L2 group.



MATERIALS AND METHODS


Participants

Twenty-six Mandarin Chinese adult native speakers (L1 group, 10 females, age=24.1±3.1years old, age range=20–31years old) and 24 Mandarin Chinese adult learners (L2 group, 4 females, age=25.0±3.7years old, age range=20–32years old) participated in the study. The L2 participants were all native speakers of Indo-European languages.1 Based on their self-report, the L2 participants started learning Mandarin Chinese when they were in high school or college (average age of acquisition: 19.2±3.7years old, age range: 14–29years old). The informed consent procedures were approved by the Research Ethics Committee at the National Taiwan University.



Language Proficiency Tests

To assess L2 participants’ proficiency in reading comprehension, we adapted the reading section of the intermediate-to-advanced-level mock test from the Test Of Chinese as a Foreign Language (TOCFL). TOCFL is a standardized test developed by the National Chinese Test Promotion Working Committee.2 The average score of the reading test was 93.7±7.5 [score range: 76–100 (total score: 100)], indicating that all the participants in the L2 group had the intermediate-advanced level of reading proficiency in Mandarin Chinese.

The Assessment of Chinese character list for grade 3 to grade 9 (A39) was used to evaluate L2 participants’ expressive vocabulary in Mandarin Chinese. The A39 is developed to estimating the vocabulary size of Chinese characters from grade 3 to grade 9 (Hung et al., 2008). There are 40 items of Chinese characters in the assessment list. For each item, participants were asked to name the character and use it as a morpheme to produce a disyllabic or trisyllabic word. The reliabilities of A39 (estimated by test-retest, split-half, coefficient alpha) were all over 0.85 in each grade. The L2 participants’ average score of A39 was 20.0±7.4 (score range: 11.5–38.5).

In addition, the Chinese version of Peabody Picture Vocabulary Test-Revised (PPVT-R) was used to evaluate L2 participants’ receptive vocabulary (Sun et al., 2021). There are 125 items in the test. In each trial, participants were asked to listen to a word uttered by the experimenter and then chose from one of the four pictures that matched the word’s meaning. The test-retest reliability of PPVT-R was 0.84 (Lu and Liu, 1998). The L2 participants’ average score of PPVT-R was 81.3±18.5 (score range: 32–109). Participants completed all the tests before the MRI session.



Functional Task

The function task used an event-related design for stimuli presentation. Participants performed a semantic judgment task in the MRI scanner. The task included semantically related pairs and semantically unrelated pairs (Fan et al., 2010). Forty-eight character pairs were semantically related according to their free association values (mean=0.14, SD=0.13, ranging from 0.73 to 0.01; Hue et al., 2005). Twenty-four character pairs were semantically unrelated with zero association values. In the task, participants were asked to indicate whether the two Chinese characters are related in meaning. Each trial started with a solid square for 500ms, followed by the first character (800ms), a blank interval (200ms), and the second character (3,000ms). Participants were instructed to make a response during the presentation of the second character. In addition, we included 24 Chinese pairs as the perceptual control condition. In this condition, two-word Chinese pairs were presented sequentially with the same trial procedure, and participants were asked to indicate whether the pair of stimuli were identical or not. The yes/no responses were counterbalanced across conditions. For the following fMRI analyses, we compared the semantic-related pairs with perceptual control pairs as a baseline to control for the orthographic information of Chinese characters. Then, we used this contrast to examine semantic processing in both L1 and L2 groups and their group differences (Lee et al., 2011).



MRI Data Acquisition

Participants lay in the scanner with their head positions secured. The head coil was positioned over their heads. The optical response box was placed on their right hands. The visual stimuli were presented to participants by the projection goggles. MRI data were acquired using a 3-Tesla Prisma Siemens scanner with a 20-channel head coil at Imaging Center for Integrated Body, Mind and Culture Research in National Taiwan University. Gradient-echo localizer images were acquired to determine the placement of the functional slices. For the functional imaging studies, a susceptibility weighted single-shot EPI (echo planar imaging) method with BOLD (blood oxygenation level-dependent) was used. Functional images were collected parallel to AC-PC plane with interleaved whole-brain EPI acquisition from bottom to top. The following scan parameters for functional images were used: TR=2000ms, TE=24ms, flip angle=90°, matrix size=64×64, field of view=192, slice thickness=3mm, and number of slices=36. Each participant performed two functional runs, and each run had 134 image volumes (4.47min/run, total: 8.9min). A high-resolution, T1-weighted 3D image was also acquired using following parameters: TR=2000ms, TE=2.3ms, flip angle=8°, matrix size=256×256, field of view=240, slice thickness=0.94mm, and number of slices=192.



Image Data Analysis

Data analysis was performed using Statistical Parametric Mapping software (SPM8). In data preprocessing, the functional images were corrected for differences in slice acquisition time to the middle volume and were realigned to the first volume in the scanning session using affine transformations. No participant had more than 3mm of movement in any plane. The co-registered images were normalized to the MNI (Montreal Neurological Institute) average template. Then, the normalized functional images were smoothed with a 10mm full width at half maximum of the Gaussian kernel. Statistical analyses were calculated on the smoothed data with a high pass filter (128-s cutoff period) in order to remove low-frequency artifacts. For whole-brain analysis, data from each participant were entered into a general linear model using an event-related analysis procedure. Character pairs were treated as individual events and were convolved with a canonical hemodynamic response function in the model. There were three event types: semantic-related, semantic-unrelated, and perceptual control. The contrast between semantic-related and perceptual control was created for each individual participant. Considering the statistical power should be equal between conditions, the incorrect trials were included for the analyses (Bitan et al., 2007; Lee et al., 2011; Chen et al., 2016). The resulting model coefficients from the contrast of individual subjects were entered into subsequent second-order random effects analyses. We then used one-sample and two-sample t tests to examine semantic processing within each group (L1 group and L2 group) and between groups, respectively. We conducted a Monte Carlo simulation with 10,000 iterations to determine the threshold for multiple comparison correction (Slotnick et al., 2003). The reported areas in the whole-brain analysis were set to a voxel-wise threshold of p=0.005 with a cluster extent of 100 voxels to achieve the FWE-corrected threshold of p<0.05 at the cluster level.



Correlation Analysis

To further investigate the relationship between the semantic processing and the individual difference of proficiency, we extracted the beta values of the highest peak in the a priori region of interest (ROI) in the ventral pathway from the group comparison results. The ROIs include the left IFG, left middle temporal gyrus/superior temporal gyrus (M/STG), left MOG, and left fusiform gyrus. These beta values were correlated with the L2 participants’ vocabulary scores as well as their accuracy and reaction time in the semantic judgment task.



ROI-Based Connectivity Analysis

Previous studies have shown the functional connectivity between the left fusiform gyrus and left ventral IFG (BA 47) during lexical/semantic-related tasks in Mandarin Chinese native speakers (Wang et al., 2019; Fan et al., 2020). To test whether the proficient Mandarin Chinese learners would show similar connectivity in the ventral language pathway, we conducted a generalized psychophysiological interaction (gPPI) analysis (McLaren et al., 2012) with the left fusiform gyrus as the seed region. We used a sphere of 6mm radius centered on the coordinate of the left fusiform gyrus [−42–49−15] from the group comparison results in the current study. For the gPPI analysis, the deconvolved time series were extracted from the seed region and were entered in the GLM model as the physiological variable. The three task conditions were entered as the psychological variables. The product of the time series signals and the conditions were entered as the interaction terms in the model. We then specified the contrast of semantic-related interaction term versus perceptual control interaction term at the individual level. Based on our a priori hypothesis, a sphere of 6mm radius centered on the left ventral IFG (BA 47) [−42, 33–1] from a meta-analysis of neuroimaging studies on Mandarin Chinese (Wu et al., 2012) was used as the target region. We extracted the individual participants’ connectivity strengths between the seed region and the target region for further analyses.




RESULTS


Behavioral Results

In the L1 group, the accuracies (mean±SD) for the related, unrelated, and perceptual conditions were 96±6%, 97±5%, and 99±3%. In the L2 group, the accuracies (mean±SD) for the related, unrelated, and perceptual conditions were 69±12%, 84±12%, and 97±6%. A 2 group (L1, L2)×3 condition (related, unrelated, and perceptual) ANOVA on accuracy was performed. The results showed a main effect of group [F(1, 48)=98.86, p<0.001], a main effect of condition [F(2, 96)=47.03, p<0.001], and an interaction between group and condition [F(2,96)=31.41, p<0.001]. The further simple main effect analyses showed that both L1 and L2 groups had similar accuracy in the perceptual condition [F(1, 144)=0.93, p<0.337]. However, compared to the L1 group, the L2 group were less accurate in the related [F(1, 144)=136.40, p<0.001] and unrelated conditions [F(1, 144)=35.82, p<0.001].

In the L1 group, the reaction times (mean±SD) for the related, unrelated, and perceptual conditions were 877±163ms, 916±187ms, and 665±170ms. In the L2 group, the reaction times (mean±SD) for the related, unrelated, and perceptual conditions were 1,223±202ms, 1,418±285ms, and 787±245ms. A 2 group (L1, L2)×3 condition (related, unrelated, perceptual) ANOVA on reaction times was performed. The results showed a main effect of group [F(1, 48)=37.71, p<0.001], a main effect of condition [F(2, 96)=170.74, p<0.001], and an interaction between group and condition [F(2, 96)=29.70, p<0.001]. The further simple main effect analyses revealed that the L2 group had generally slower responses in the perceptual [F(1, 144)=4.18, p=0.044], related [F(1, 144)=33.26, p<0.001], and unrelated conditions [F(1, 144)=70.22, p<0.001] as compared to the L1 group.



Whole-Brain Results

The whole-brain analysis for the contrast between related pairs and perceptual control pairs within the L1 group and L2 group is shown in Table 1. In the L1 group, compared to perceptual controls, semantic-related pairs produced greater activation in the left hemisphere, including the IFG, SFG, and STG, as well as bilateral caudates. In the L2 group, the same contrast elicited greater activation in the left IFG, left medial frontal gyrus, left fusiform gyrus, and right MOG. In addition, greater activation was found in the subcortical regions in the L2 group.



TABLE 1. Brain regions for the related versus perceptual contrast in the whole-brain analyses.
[image: Table1]

The results of the between-group analysis are shown in Table 1 and Figure 1. Compared to the L1 group, the L2 group showed greater activation near the occipital and parietal regions, including the left fusiform gyrus, bilateral MOG, right inferior temporal gyrus (ITG), and the right SPL in related pairs relative to perceptual control pairs. Also, compared to the L1 group, lower activation was found in the bilateral insulas and bilateral temporal regions, including the temporal pole, MTG, STG, and the left supramarginal gyrus in the L2 group.

[image: Figure 1]

FIGURE 1. Results of group comparisons for the contrast of semantic-related condition vs. perceptual control condition. The upper panel is the activated brain areas for the comparison of the L2 group vs. L1 group, and the lower panel is the activated brain areas for the comparison of the L1 group vs. L2 group. L, Left hemisphere; R, Right hemisphere; FG, fusiform gyrus; MOG, middle occipital gyrus; SPL, superior parietal lobule; ITG, inferior temporal gyrus; TP, temporal pole; MTG, middle temporal gyrus; STG, superior temporal gyrus.




Correlation Results

To investigate the role of individual differences in task performance and vocabulary knowledge during the semantic processing in the L2 group, we extracted the peak activation in ROIs from the group comparison and then correlated the values with the behavioral accuracy in the fMRI task and the scores in the two vocabulary tests. The correlation results are shown in Figure 2. Greater activation in the left M/STG was positively correlated with behavioral accuracy (r=0.46, p=0.021) and the scores in both vocabulary tests (A39 test: r=0.41, p=0.044; PPVT-R test: r=0.42, p=0.04). In addition, we found a positive correlation between response time and the activation in the left MOG (r=0.52, p=0.010).

[image: Figure 2]

FIGURE 2. Correlation results of brain activation for the contrast of (semantic-related condition vs. perceptual control condition) in the L2 group. (A) Correlation between activation in the left middle temporal gyrus/superior temporal gyrus (M/STG) and Peabody Picture Vocabulary Test-Revised scores, (B) correlation between activation in the left M/STG and A39 scores, (C) correlation between activation in the left M/STG and accuracy, and (D) correlation between activation in the left middle occipital gyrus and reaction time.




Connectivity Results

We used the gPPI analysis to investigate the functional connectivity between the left fusiform gyrus and left ventral IFG (BA 47) during semantic processing in both L1 and L2 groups (see Figure 3). Compared to the L1 group, the L2 group showed a relatively reduced connectivity strength between brain regions; however, there was no significant difference between the two groups (t(48)=1.16, p=0.254). We further correlated the connectivity strengths with participants’ performance in the semantic judgment task for the L1 group and L2 group, respectively. Our results revealed that the L1 group showed a positive correlation between their task performance and connectivity strengths (r=0.52, p=0.006), whereas the L2 group showed a similar trend but with a marginal significance (r=0.38, p=0.064).
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FIGURE 3. Results of region of interest-based generalized psychophysiological interaction connectivity analysis. (A) Visualization of the seed region (yellow sphere) and the target region (red sphere) and (B) correlation results between behavioral accuracy in the semantic judgment task and connectivity strength for the L1 group and L2 group.





DISCUSSION

The present study investigated long-term learning effects on the ventral pathway with semantic processing, a prominent feature of Chinese words. We found the group differences in the neural mechanisms of semantic processing between native Chinese speakers (L1 group) and proficient adult learners of Mandarin Chinese (L2 group). Compared to the L1 group, the L2 group showed greater activation in the bilateral areas adjacent to the fusiform gyrus and MOG in the semantic-related condition relative to the perceptual control condition. In contrast, the L2 group showed reduced activation in the temporal regions on both hemispheres as compared to the L1 group. In addition, we found individual differences in brain activity along the ventral pathway in the L2 group. By correlating the brain activation with the participants’ performances in the vocabulary tests and the semantic judgment task, increased activation in the left posterior M/STG was positively associated with the L2 participants’ proficiencies in semantic knowledge. Furthermore, we found the group differences in brain interaction such as functional connectivity along the ventral pathway between groups. The positive correlation between participants’ accuracy in semantic judgments and the functional connectivity in the ventral pathway (left fusiform-left IFG) was robust in the L1 group but weaker in the L2 group.

Consistent with previous findings in reading Chinese characters, our results demonstrated that L2 participants recruited more areas in the occipital lobes, including the left fusiform gyrus, bilateral MOG, and right ITG, as well as the right SPL. Previous studies suggested that reading Chinese characters requires more involvement of the bilateral fusiform gyri and MOG to fulfill the higher demand of orthographic processing (Bolger et al., 2005; Nelson et al., 2009; Mei et al., 2015). The right SPL and right ITG has also been linked to visual-orthographic analysis during language processing. Cao et al. (2010) found that Mandarin Chinese speakers elicited greater activation in the right SPL and right ITG in the spelling task than the rhyming task, suggesting that these regions are associated with the visuo-orthographic analysis of Chinese characters. One of our correlation results also showed a positive trend between greater activation in the left MOG and slower reaction time in the semantic-related condition relative to the perceptual control condition. Previous studies have shown that children with dyslexia generally have reduced activation in the MOG regions, indicating their deficit in recruiting the MOG for visual processing (Boros et al., 2016). Cao et al. (2018) also found that compared to the control groups, children with developmental dyslexia had weaker functional connectivity between the left MOG and left IFG in the lexical task, suggesting that they have impairments in dealing with the orthography-phonology relations of Chinese characters. Thus, the relation between slower reaction time and higher activation in the left MOG in the L2 group could be a trade-off for visuospatial analysis of Chinese characters. That is, L2 participants who engaged greater neural resources in processing orthographic information of Chinese characters might spend more time during the semantic judgment.

Another major finding in the present study is the individual proficiency of semantic knowledge modulated activation in the posterior temporal region in the L2 participants. As a group, L2 participants showed reduced activation in the bilateral temporal lobes compared to the L1 group. However, the correlation results exhibited that L2 participants’ scores in the vocabulary tests and the performances in the semantic judgment task were positively associated with activation in the left posterior M/STG (BA 21). Several language models suggested that the left posterior MTG (BA 21) and the adjacent areas are critical regions for the storage of lexical-semantic representations in our brain (Hickok and Poeppel, 2007; Lau et al., 2008; Binder et al., 2009). Wei et al. (2012) using resting-state fMRI found that the low-frequency fluctuations of the BOLD signal in the left posterior MTG were correlated with native speakers’ efficiency of semantic processing. Developmental studies also demonstrated that greater activation in the left posterior MTG was associated with children’s ages (Chou et al., 2006a,b; Lee et al., 2015, 2016), indicating that the greater elaboration of semantic representations with increasing age during language development. Our study corroborated the functional role of the posterior M/STG (BA 21) by correlating brain activation with L2 participants’ proficiency in semantic knowledge, assessed by the vocabulary tests and the performance in the semantic judgment task.

The gPPI connectivity analysis in the current study revealed that functional connectivity between the left fusiform and left ventral IFG (BA 47) was positively correlated with participants’ accuracy in the semantic judgment task in the L1 group. Previous studies using the diffusion tensor imaging technique have demonstrated that the left inferior fronto-occipital fasciculus, a ventral white matter bundle that connects the frontal and occipital regions, is associated with the performance in the lexical/semantic-related tasks in both healthy adult participants (Nugiel et al., 2016) and brain-damaged patients (Han et al., 2013). Our functional connectivity results in the L1 group provided convergence evidence that the ventral pathway on the left hemisphere plays an important role in Lexico-semantic processing. Moreover, the individual semantic abilities would modulate the connectivity strengths in this ventral pathway.

By contrast, the L2 group showed a similar but weaker trend between task performance and functional connectivity in the ventral pathway (left fusiform-left IFG). In Wang et al.’s (2019) study, they found that functional connectivity between the left ventral occipitotemporal cortex and left IFG (BA 47) was associated with semantic processing during Chinese word recognition, suggesting that, for Mandarin Chinese native speakers, this ventral pathway is related to orthographic-semantic mapping during reading. Fan et al. (2020) also found that, compared to adults, children had weaker functional and structural connectivity in the left ventral language pathway, indicating that this left ventral language pathway matures with increasing age during children’s development. The L2 participants in the current study were all Indo-European native speakers who started learning Mandarin Chinese in adulthood. Thus, taking the perspective from language development and considering the fact that adults have generally reduced neural plasticity, late learners of Mandarin Chinese might need more time and L2-related experience to develop and to strengthen the connectivity in this ventral pathway for orthographic-semantic processing when reading Mandarin Chinese.

The findings and interpretations of the present study should be considered in light of its limitations. For example, these two groups might differ in several aspects, such as age of acquisition and learning methods. Thus, it is hard to disentangle the effect of these factors in the present study. An ongoing project examines the learning effects in a longitudinal approach that participants in the L2 group receive a similar curriculum to learn Chinese. Comparing before versus after learning may provide a better way to understand the long-term effects on the ventral pathway in the L2 group. Also, L2 participants’ native language experience from different countries might limit the generalizability of our findings. During the participant recruitment process, we excluded L2 participants who were native speakers of Japanese, Korean, or other Asian languages due to the similarities between their native languages and Mandarin Chinese. In addition, we only recruited the L2 participants who were native speakers of the Indo-European languages to try to minimize the influence from their native languages. Future research should find a better-match group, such as Mandarin Chinese learners who have the same native language, to control the effects of different language backgrounds.

In sum, the present study demonstrated that proficient L2 adult learners of Mandarin Chinese recruited the bilateral brain regions in the occipital lobe, such as the fusiform gyrus, MOG, and right SPL for processing visuospatial information of Chinese characters in support of semantic processing. In addition, by correlating with L2 participants’ performances in vocabulary tests and the semantic judgment task, our results corroborated the functional role of the left posterior MTG in the storage of semantic representations. Moreover, functional connectivity between the left fusiform gyrus and left ventral IFG (BA 47) was modulated by performance in the semantic judgment task in the L1 native speakers. However, L2 adult learners only exhibited a weaker trend of this modulation effect during semantic processing in Mandarin Chinese.
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FOOTNOTES

1The native languages of participants in the L2 group include English (6), Spanish (6), French (3), Russian (2), Dutch (1), Swedish/Dutch (1), Lithuanian (1), Turkish (1), Danish (1), Hungarian (1), and Italian (1). The number in the parenthesis indicates the number of native speakers of a certain language.

2https://tocfl.edu.tw/index.php
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The study investigates whether learners’ demographics (e.g., age, education, and intelligence-IQ), language learning experience, and cognitive control predict Chinese (L2) reading comprehension in young adults. Thirty-four international students who studied mandarin Chinese in mainland China (10 females, 24 males) from Bangladesh, Burundi, Congo, Madagascar, Nigeria, Rwanda, South Africa, and Zimbabwe were tested on a series of measures including demographic questionnaires, IQ test, two cognitive control tasks [Flanker Task measuring inhibition and Wisconsin Card Sorting Test (WCST) measuring mental set shifting], and a Chinese reading comprehension test (HSK level 4). The results of correlation analyses showed that education, L2 learning history, L2 proficiency, and previous category errors of the WCST were significantly correlated with Chinese reading comprehension. Further multiple regression analyses indicated that Chinese learning history, IQ, and previous category errors of the WCST significantly predicted Chinese reading comprehension. These findings reveal that aside from IQ and the time spent on L2 learning, the component mental set shifting of cognitive control also predicts reading outcomes, which suggests that cognitive control has a place in reading comprehension models over and above traditional predictors of language learning experience.

Keywords: demographics, L2 learning experience, cognitive control, Chinese reading comprehension, Chinese as a foreign/second language


INTRODUCTION

Reading comprehension is important not just for text understanding, but for broader learning, success in education and employment. Reading involves complex and interactive processes that require readers to construct a meaningful representation of a text by using background knowledge, linguistic knowledge, and different cognitive skills and abilities (Rayner and Reichle, 2010; Oakhill et al., 2015). The study of reading comprehension has traditionally focused on readers of native or first language. However, the rapid globalization has promoted a higher necessity for L2 reading. Great efforts have been made in investigating L2 reading of alphabetic languages, particularly L2 reading in English (Harrison and Krol, 2007; Qiao et al., 2021). During more recent years, however, scholars have shown interest in L2 reading involving Asian languages, particularly Chinese, as a result of the globalization of Chinese economy (Zhu, 2021). Written Chinese is different from alphabetic languages in terms of many aspects, such as at the orthographic, the phonetic, the morphological, and the syntactic levels, so reading acquisition of Chinese may be a major challenge for those learning Chinese as a second/foreign language (CSL/CFL). However, relevant studies are sparse. The current study thus intends to fill the gap by investigating among CSL/CFL learners how Chinese reading comprehension may be attributed to multiple factors, including learners’ demographic background, linguistic experience, and cognitive control abilities, as those factors have been reported to be in association with reading comprehension.

The reading processes are multidimensional, which may include word-level processes that encode the visual pattern of a word and access its meaning (word reading/identification), sentence-level processes that compute syntactic parsing and semantic integration (syntactic parsing), text-level processes that establish both the local and global organization of the whole text (discourse representation), and cognitive processes that allocate and coordinate different cognitive resources to interpret meanings (Seigneuric and Ehrlich, 2005; Chung et al., 2020). According to the Simple View of Reading (SVR) proposed by Gough and Tunmer (1986), reading equals the product of decoding and comprehension (R=D×C). Decoding ability varies directly with knowledge of the spelling-sound correspondence rules of a language. It is a skill to read isolated words/pseudo words quickly, accurately, and silently, which is fundamental to word recognition. Comprehension is not reading comprehension, but linguistic comprehension. It is the process by which given lexical information, sentences, and discourses are interpreted. Decoding is necessary but not sufficient for reading. Meanwhile, if there is decoding but no comprehension, reading is not taking place. In the current study, we generally define reading comprehension as sentence and passage comprehension, which includes both decoding and comprehension processes.

Most previous studies focused on the relationship between decoding and reading comprehension, particularly in alphabetic languages (e.g., Jenkins et al., 2003; Rasinski et al., 2005; Yovanoff et al., 2005; Klauda and Guthrie, 2008). There are, however, some studies on (non-alphabetic) Chinese reading comprehension that examined character recognition and comprehension (e.g., Joshi et al., 2012; Yeung et al., 2016; Li et al., 2021). For example, Joshi et al. (2012) found that the SVR as incorporated in the componential model of reading (CMR) is also applicable to Chinese other than English. The results of their study revealed that character recognition and listening (linguistic) comprehension significantly predicted Chinese reading comprehension in Chinese children. Yeung et al. (2016) examined the interrelationships between linguistic comprehension skills, decoding and reading comprehension within Chinese children in a longitudinal study, and found that linguistic comprehension and decoding were the main predictors for a significant amount of variance in sentence and passage comprehension. Similarly, Li et al. (2021) examined how Chinese character decoding and context-driven auditory semantic integration contributed to reading comprehension among Chinese middle school students by administering speech-in-noise tests, and found that performance in Chinese character decoding and auditory semantic integration scores with the flattened (but not natural) fundamental frequency contours of spoken sentences significantly predicted reading comprehension.

It is not surprising that higher language proficiency is related to better reading comprehension (e.g., Cutting and Scarborough, 2006; Jiang, 2011; Uccelli et al., 2015). In a longitudinal study by Uchikoshi et al. (2016), for example, the role of oral proficiency on English reading comprehension was examined among 102 English language learners, including both Spanish and Cantonese speakers. The results of multiple regression analyses showed it was not the quantity and variety of words used in the narratives but the ability to produce a coherent oral narrative in either the home language or English that predicted English reading comprehension.

Some studies (although relatively few) also indicate that there is a relationship between learners’ demographics [e.g., age, socioeconomic status (SES), and IQ] and reading comprehension (e.g., Bowey, 1995; Tiu et al., 2003; Kieffer, 2010; Jefferson et al., 2011; Ghabanchi and Rastegar, 2014). For example, a recent study by Cheng and Wu (2017) examined the relationship between SES and reading development among Chinese young children. The results of mediation model showed that SES exerted its effect on sentence reading comprehension through the indirect path via the simple mediating effect of morphological awareness and the three-path mediating effect of vocabulary knowledge and morphological awareness.

More recently, some studies have examined the relationship between cognitive factors and reading comprehension (e.g., Chung et al., 2020; Stasenko et al., 2020; Wu et al., 2020). For example, Chung et al. (2011) identified cognitive abilities that might distinguish Hong Kong Chinese adolescents with dyslexia and to assess how these abilities were associated with Chinese word reading, word dictation, and reading comprehension. In their study, a series of literacy and cognitive skills (morphological awareness, visual-orthographic knowledge, rapid naming, and verbal working memory) were tested among 90 junior secondary school students (30 dyslexic, 30 chronological age controls, and 30 reading level controls). The results showed that the dyslexic students were less competent than the control students in all cognitive and literacy measures, and the regression analyses showed that verbal working memory, rapid naming, morphological awareness, and visual-orthographic knowledge were significantly associated with literacy performance. These findings suggest that the cognitive skills have important role in Chinese literacy acquisition.

To sum up, previous studies mainly focused on L1 reading comprehension and found that reading comprehension is related to multiple aspects, such as decoding, syntactic skills, linguistic comprehension, language proficiency, and cognitive control abilities. However, few studies have ever examined Chinese reading comprehension among CSL/CFL learners and few have ever explored those multiple aspects related with Chinese reading comprehension in a single investigation. Since reading processes are complex and many factors may play differential roles simultaneously in reading comprehension, there is a necessity, from various perspectives, to explore the relationship between multiple variables (i.e., demographics, language learning, and cognitive control) and reading comprehension.


Demographics and Reading Comprehension

The term of demographics refers to the characteristics of populations including age, SES, IQ, and education. For example, younger children are found having more failures in reading comprehension compared to older children (Jones and Mandeville, 1990). As people age, they have greater difficulty explaining language meanings (Qualls et al., 2001). Moreover, SES plays an important role in children’s literacy development as children from poorer families usually have less literacy experience in contrast with those from rich families (D'angiulli et al., 2004; Myrberg and Rosén, 2008, 2009; Hartas, 2011; Cheng and Wu, 2017). In Aikens and Barbarin (2008), for example, the authors used the Early Childhood Longitudinal Study, Kindergarten Cohort of 1998–1999, to examine the extent to which family, school, and neighborhood factors account for the impact of SES on children’s early reading achievement (measured by Child individual reading assessment). Results found that family characteristics made the largest contribution to the prediction of initial kindergarten reading disparities, which included home literacy environment, parental involvement in school, and parental role strain. The findings imply that multiple contexts are associated with young children’s reading achievement and growth and help account for the robust relation of SES to reading outcomes. In Cheng and Wu (2017), 149 first graders (69 girls and 80 boys) from two urban elementary schools in Shanxi China were recruited to complete SES questionnaire, vocabulary knowledge, morphology awareness, and reading comprehension test. The results observed evidence of associations in SES and reading ability, demonstrating the role of SES in reading comprehension.

The role of IQ, including verbal and performance intelligence, in reading comprehension is largely neglected as more studies focused on influential reading processes. However, some studies have found evidence that IQ (usually measured by Ravens or Wechsler) and reading ability are strongly associated (e.g., Jimenez et al., 2003; Tiu et al., 2003; Ghabanchi and Rastegar, 2014). For example, Tiu et al. (2003) compared reading processes involved in normal children and children with reading disability and found that IQ (measured by Wechsler Intelligence Scale) was an important cause of differences in reading over the processes in the simple view and processing speed. Besides, reading is an important element of education (Thorndike, 1976). Usually, people with longer time of education develop higher ability of reading. Above all, more attention should be paid to the demographics of learners, including age, SES, IQ, and education, in the studies of reading comprehension.



Language Learning Experience and Reading Comprehension

Studies found that readers with high language proficiency have better reading performance (Golkar and Yamini, 2007; Geva and Farnia, 2012). According to the linguistic threshold hypothesis (Cummins, 1979; Alderson, 1984), after readers reach a certain level of L2 proficiency, L1 reading skills and background knowledge can be transferred to make progress in L2 reading comprehension. In addition, to achieve comprehension in reading, an effective reader should be able to successfully implement strategies such as relating the text with his or her own background knowledge, summarizing information, drawing conclusions, and posing questions at the text.

However, along with strategies, allotting a certain amount of time to reading may be highly effective in increasing reading success. For example, Kirizi (2010) investigated the relationship between reading strategies and time spent on daily reading. The results showed that the use of reading comprehension strategies was a significant predictor on daily time spent reading (R2=0.57, p<0.001), which suggests that there is a significant positive relationship between use of reading strategies and daily time spent on reading. Some studies directly examined the relationship between time spent on reading and reading achievement (e.g., Taylor et al., 1990; Pichette, 2005). For example, Taylor et al. (1990) investigated the effects of time spent on reading at school and at home on intermediate grade students’ reading achievement. One hundred and ninety-five students in Grades 5 and 6 kept daily reading logs from mid-January through mid May. The result of stepwise multiple regression analysis showed that amount of time spent on reading during the reading period contributed significantly to gains in students’ reading achievement. Similarly, Pichette (2005) examined the relationship between time spent on reading and reading comprehension in a second language (L2). Eighty-one French-speaking learners of English (L2), from beginners to advanced, were tested for reading comprehension in French and in English. Low-proficiency learners showed low, non-significant correlations between time spent on reading English and English reading comprehension, but correlations for high-proficiency learners were moderate and significant. The existing literature suggests that language learning experience, particularly language proficiency, and time spent on that language, are significant factors affecting reading comprehension.



Cognitive Control and Reading Comprehension

Cognitive control is a construct that allocates mental resources and controls behaviors while performing tasks (Miller, 2000; Miyake et al., 2000; Badre, 2008). Cognitive control is not a single cognitive process, but contains multiple components. The most widely used categorization in bilingual research is a framework of Miyake et al. (2000) in which three main components of cognitive control are identified, i.e., inhibition, mental set shifting, and updating and monitoring of working memory. Inhibition concerns one’s ability to deliberately inhibit dominant, automatic, or prepotent responses when necessary. Mental set shifting concerns shifting back and forth between multiple tasks, operations, or mental sets (Monsell, 1996), which involves the disengagement of an irrelevant task set and the subsequent active engagement of a relevant task set. Updating function requires monitoring and coding incoming information for relevance to the task at hand and then appropriately revising the items held in working memory by replacing old, no longer relevant information with newer, more relevant information (Morris and Jones, 1990). Other scholars (e.g., Costa et al., 2009; Green and Abutalebi, 2013; Paap and Greenberg, 2013) have identified conflict monitoring as another independent component of cognitive control, which are generally defined as monitoring one’s performance, internal state, and current environment in response to changing goals.

Reading comprehension is quite cognitive-taxing as individuals have to go through all linguistic levels from phonological level to textual level to understand the meaning of text and form a coherent mental representation of linguistics forms (Kendeou et al., 2014). Some studies have suggested that cognitive control should play a role in reading process (e.g., Kieffer et al., 2013; Fedorenko, 2014; Follmer, 2018; Liu et al., 2018; Cirino et al., 2019), based on behavioral evidence, brain imaging studies, and investigations of brains damage (e.g., Johann et al., 2020; Stasenko et al., 2020). As mentioned above, cognitive control is an umbrella term covering inhibition, shifting and working memory updating and monitoring. Relatively speaking, the role of working memory has been well examined in the reading comprehension studies (e.g., Daneman and Carpenter, 1980; Sesma et al., 2009; Kendeou et al., 2014; Tighe et al., 2015). Referring to other dimensions of cognitive control, some studies demonstrate that shifting supports reading comprehension by allowing readers to flexibly switch from decoding process to meaning, or quickly switch among textual information or series of reading strategies (Kieffer et al., 2013; Cartwright et al., 2017). Besides, inhibition is assumed to be critical in suppressing irrelevant information and inappropriate inferences to facilitate cognitive processes while reading (Cain and Oakhill, 2006; Kieffer et al., 2013). However, as cognitive control is not well defined and has multiple components, how and why a single component is related to reading comprehension remains underdeveloped.



Chinese (L2) Reading Comprehension

Recent research in this field has advanced understanding in relevant theories and practices, such as reading experiences among heritage speakers (Zhang, 2016), bilingual/multilingual learners (Kim et al., 2016), and processes of reading Chinese (Guan et al., 2011). With more and more university-level students moving to mainland China to learn Chinese, there is a flourish of interest in examining L2 Chinese reading among adults although such studies are relatively few (Zhu, 2021).

Chinese language belongs to Sino-Tibetan language family. Chinese characters are morphologically composed of strokes that form integral characters and compound structures that include radicals and other components. Morphologically, a word is structured by one or more characters that represent meaning units, and there is no space between characters. Syntactically, a simple Chinese clause usually has a basic structure of subject+verb+object (SVO), and relative clauses are usually located before the corresponding nouns. Compared with L1 (e.g., English) reading, L2 Chinese reading has similar reading processes but may entail more effortful cognitive loads (Raudszus et al., 2018), as Chinese language is phonologically, morphologically, and syntactically different from alphabetic languages.

Previous studies in L2 Chinese reading mostly focused on orthography and processing strategies, how L2 readers process information regarding the space and relation between characters and words (e.g., Wang et al., 2003; Lee-Thompson, 2008; Packard, 2008; Shen, 2008), or character/word-level L2 Chinese reading comprehension, sentence/text-level reading comprehension, reading different text genres, sentence structure processing, and reading strategies and skills (e.g., Cao et al., 2013; Cui, 2013; Shen and Jiang, 2013; Xu, 2014; Tong and Yip, 2015; Ke and Koda, 2017; Thoms et al., 2017; Luo and Sun, 2018). Only few studies have explored whether cognitive differences in individuals would explain reading comprehension in Chinese. For example, Chung et al. (2020) investigated the cognitive factors in Chinese adolescent readers with dyslexia and found that both working memory and inhibition played roles in reading comprehension in Chinese and English (L2) after controlling for age and IQ. Liu et al. (2019) took a longitudinal study to explore the bidirectional correlations between cognitive control and word reading abilities in Chinese and English. The results showed that cognitive control was of great importance to Chinese and English reading from kindergarten to early primary school. The results of these studies suggest that reading processes have to include cognitive control to help maintain key information, inhibit irrelevant information, and shift between words and meaning.

Therefore, relatively speaking, few studies have explored L2 Chinese reading, particularly in relation to other variables beyond the Chinese language itself, such as learners’ demographic features, L2 learners’ experience, and cognitive control differences. In this study, we adopt a multiple-perspective view to investigate what factors are significant in predicting L2 Chinese reading success, regarding the variables reviewed above, not only language learning experience, but also learners’ demographic features and cognitive control differences. We expect that all these variables are likely to play significant roles in L2 Chinese reading comprehension. We will examine this issue by investigating Chinese learning students from several different countries by administering a series of questionnaires, tests, and cognitive control tasks.




MATERIALS AND METHODS

In the current study, firstly all participants were required to complete comprehensive questionnaires concerning their demographic features (such as IQ and SES), language learning background, and language proficiency. Secondly, all participants were required to complete two cognitive control tasks and a standardized Chinese reading comprehension test. Finally, correlation and multiple stepwise regression analyses were used to explore the relationships between those variables and Chinese reading comprehension. All the final data for statistical analyses are available from https://osf.io/ygv9b/, doi: 10.17605/OSF.IO/UAJCQ.


Participants

Thirty-four Chinese learners participated in the study. They were international students (10 females, 24 males) from Bangladesh, Burundi, Congo, Madagascar, Malawi, Nigeria, Rwanda, South Africa, and Zimbabwe, who studied mandarin Chinese in Jiangxi Normal University in mainland China. All participants voluntarily participated in the study and gave informed consent, and their rights were protected in accord with the ethical standards of the Academic Committee of Jiangxi Normal University. As all the international students were learning Chinese in China, they not only received the formal instruction of Chinese in classes but also experienced natural Chinese language immersion in different contexts, including negotiating with Chinese teachers, talking with Chinese friends, having Chinese conversation when buying things, etc.



Materials

In order to collect participants’ demographic background and language proficiency, we adopted the Language Experience and Proficiency Questionnaire (Marian et al., 2007), which is widely used in the bilingual research and is significantly correlated with objective measures of language proficiency (Marian et al., 2007; Prior and Gollan, 2011). In the language proficiency questionnaire, native language proficiency was generally rated on a scale from 1 to 10, whereas Chinese (as a foreign language) proficiency was rated separately on listening, speaking, reading, and writing, respectively on a scale from 1 to 10, where 1 corresponded to little skills in that particular language whereas 10 to skills at a native level. The Cronbach’s Alpha of the Chinese proficiency test was 0.940. Moreover, we adopted the Chinese version of Ravens Matrices (Raven et al., 1977; Li, 1989) for the measurement of IQ, which is a widely recognized non-verbal test used to measure reasoning and fluid intelligence and is applicable to participants from all cultures, with the Cronbach’s Alpha of reliability analysis=0. 949. For participants’ SES, we followed previous literature (Wermelinger et al., 2017; Xie and Zhou, 2020) by adopting their parental education (1–7) as an approximate indicator. Finally, we used the reading comprehension section from HSK – Hanyu Shuiping Kaoshi level 4 sample tests (we used level 4 because our participants reported to have approximately intermediate level prior to the test) as the Chinese Reading Comprehension Test.1 HSK is China’s national standardized test designed to assess the Chinese language proficiency of non-native speakers such as foreign students and overseas Chinese (Teng, 2017; Peng et al., 2021). The reading comprehension test comprised sentence completion, sentence ordering, and sentence comprehension, all of which were selective response tasks. There were altogether 40 questions, and thus 40 points for all correct answers (one point for each). The reliability of the Chinese reading comprehension was 0.954 (Cronbach’s Alpha). In the test, participants were required to finish all the questions within 40min. Finally, for the Cognitive Control test, we used two commonly-applied tasks, the Flanker task and the Wisconsin Card Sorting Test (WCST), to measure inhibition, monitoring, and shifting of cognitive control, with Cronbach’s Alpha=0.963 for the Flanker task, and Cronbach’s Alpha =0.930 for the WCST.



Flanker Task

The Flanker task is widely-used to measure inhibition of cognitive control (Eriksen and Eriksen, 1974). Recently it has been also used to reflect monitoring (Costa et al., 2009; Paap and Greenberg, 2013; Xie and Dong, 2017). The Flanker task has a three-condition design: congruent (in which the target arrow is flanked by arrows pointing to the same direction), incongruent (in which the target arrow is flanked by arrows pointing to opposite direction), and neutral (in which the target arrow is flanked by diamonds symbols with no shape similarity to the target).

The Flanker task, designed by E-prime 2.0 following previous literature (Luk et al., 2010; Dong and Xie, 2014; Xie and Dong, 2017), was composed of a practice block with feedback and a formal experimental block without feedback. In the practice block, participants were required to perform with an accuracy rate above 80%, which was to ensure that their attention was focused on the task. Then they would enter into the formal experimental block (altogether 108 trials), with the three conditions evenly distributed. For each trial, a fixation stimulus of “+” appeared for 250ms. Then, a condition of stimulus (congruent, neutral, or incongruent) was presented randomly for 2,000ms, during which participants were required to judge the direction of each target (arrow) by pressing corresponding buttons on the computer keyboard as fast as possible (F for <, J for >). This task was completed on computer in a quiet laboratory room.

In the Flanker task, inhibition was measured by calculating the RT differences between incongruent trials and congruent trials. Inhibition reflects the ability to suppress responses that are inappropriate in a given situation (Miyake et al., 2000). Conflict monitoring was measured by the RTs of each condition in the task. Conflict monitoring indicates the ability to monitor one’s performance or internal state or monitor the context and evaluate whether conflict resolution processes should be involved when the target information is presented (Costa et al., 2009; Paap and Greenberg, 2013), the ability to manage attention to a complex set of rapidly changing task demands (Bialystok et al., 2004), or the ability to handle tasks that involve mixing trials of different type that require implementing conflict resolution and those that are free of conflict (Costa et al., 2009).



The WCST

Wisconsin Card Sorting Test is a widely-recognized task for measuring shifting (Barceló and Knight, 2002; Yudes et al., 2011; Xie and Dong, 2017), although multiple aspects of cognitive control are needed when performing the task. In this test, participants are required to categorize the response card (a combination of numbers, colors, and shapes) according to four stimulus cards (one red triangle, two green stars, three yellow crosses, and four blue circles). With participants sorting the response card, feedback will be given accordingly. If correctness is presented, it means the participant has sorted correctly. Otherwise, the participant has to figure out a different implied rule. Therefore, the participants are continuously sorting the response card changeably in accordance with the feedback. Crucially, the implied rule, which is unknown to the participants, will change after a few trials (5–9 trials).

In the computerized version of WCST programmed in E-prime 2.0 following previous design (Yudes et al., 2011; Xie and Dong, 2017), there were 12 practice trials and 128 formal experimental trials. In each trial, a fixation “+” was presented for 1,000ms. Then, the four stimulus cards appeared in the upper half of the screen while a response card appeared in the lower half of the screen. The participants were required to sort out the response card by pressing designated keyboard buttons (DFJK, each corresponding to a category of stimulus card), followed by a feedback for 1,000ms before the next trial. The participants were told to sort the response card according to the implied rule. All participants were required to complete the 128 trials, with an optional break in the middle. This computerized task was completed in a quiet laboratory room.

In the WCST, the overall response times, the completed categories, the overall errors, and different types of errors were measured. Response times reflect the speed of executing the task, indicating monitoring process. Each completed category means that participant responds correctly to at least five consecutive trials. The overall errors reflect all the errors a participant makes in the task. Perseverative errors indicate that participant fails to change to a new rule when receiving negative feedback. Previous category errors indicate that participant continues sorting the response card according to the previous category despite the negative feedback.




RESULTS

The results of our study are reported as followed: (1) the descriptive data of all participants’ background information including demographic, linguistic features, and Chinese reading comprehension; (2) the descriptive data of all participants’ cognitive control performance; (3) correlation and multiple regression analyses with L2 Chinese reading comprehension as dependent variable and participants’ demographics (e.g., age, IQ, and SES), L2 learning, and cognitive control as independent variables.


Demographic and Linguistic Features

All the background information is listed in Table 1. The data showed that on average all participants (N=34) were aged 22.79years old (SD=1.72). Their SES was 3.15 (SD=0.66), and their intelligence (IQ) was 55.91 (SD=9.61). By the time of being tested, they had received education for 17.62years (SD=2.09), and they had learned Chinese as a foreign language for 3.41years (SD=1.80). Their self-rated L1 proficiency was 9.15 (SD=1.18), and L2 proficiency was rated as: listening 6.76 (SD=1.92), speaking 4.74 (SD=2.08), reading 4.82 (SD=2.60), and writing 4.79 (SD=2.51). We can see that the participants were unbalanced in their L1 and L2 proficiency. Crucially, participants’ Chinese reading comprehension score was 24.50 on average.



TABLE 1. Descriptive data of participants’ background information.
[image: Table1]



Cognitive Control Tasks

Table 2 shows the descriptive data of the participants’ cognitive control performance. In the Flanker task, participants responded most quickly in the congruent condition (584ms, SD=122.52), moderate in the neutral condition (599ms, SD=111.97), and slowest in the incongruent condition (634ms, SD=120.35), and the flanker effect (indicating inhibition) was 50ms (SD=62.76). Repeated measures analyses showed the effect of conditions within subjects was significant, F (2, 66)=15.120, p<0.001, η2 (effect size)=0.314. In the WCST, one participant dropped out of the test because of operation failure. On average, participants completed each trial at 1,873ms (SD=565) and achieved correct categories at 5.21 (SD=2.62). The overall errors for participants on average were 65.64 (SD=15.16), the perseverative errors were 44.70 (SD=16.08), and the previous category errors were 35.76 (SD=13.08).



TABLE 2. Descriptive data of cognitive control among participants.
[image: Table2]



Correlation Analyses

Correlation analyses were conducted to explore potential relations between participants’ demographic background, language learning, cognitive control, and L2 reading comprehension. Firstly, the result of correlations between demographic variables and L2 reading comprehension (Table 3) showed that demographic factors, such as age, SES, and IQ were not correlated with L2 Chinese reading comprehension (ps>0.05). However, education was positively correlated with reading comprehension (R=0.409, p=0.016). Secondly, correlation analyses between language learning and L2 Chinese reading comprehension (Table 4) showed that only participants’ native language was not correlated with L2 Chinese reading comprehension (p=0.480), whereas Chinese learning years, Chinese listening, speaking, reading, and writing proficiency were positively correlated with Chinese reading comprehension (ps<0.001). Thirdly, correlations analyses between cognitive control and L2 Chinese reading comprehension (Table 5) showed that only one indicator of the WCST – previous category errors – was negatively correlated with L2 Chinese reading comprehension (R=−0.455, p=0.008), which means that the more errors participants make, the worse they perform in the Chinese reading comprehension.



TABLE 3. Pearson Correlations between demographic variables and L2 Chinese reading comprehension.
[image: Table3]



TABLE 4. Pearson Correlations between language background and L2 Chinese reading comprehension.
[image: Table4]



TABLE 5. Pearson Correlations between cognitive control and L2 Chinese reading comprehension.
[image: Table5]



Multiple Regression Analyses

In order to explore what factors might significantly predict L2 Chinese reading comprehension; we conducted stepwise multiple regressions by entering all relevant variables, with the Chinese reading comprehension as dependent variable, with all the demographics, linguistic background, and cognitive control performance as independent variables.

The fittest model of multiple stepwise regressions showed that L2 Chinese learning history, IQ, and previous category errors were the most significant predictors of L2 Chinese reading comprehension, R=0.891, adjusted R2=0.773, F (3, 29)=37.417, p<0.001, with other variables excluded. According to the model (Table 6), Chinese learning history (B=5.220, t=8.939, p<0.001), IQ (B=0.039, t=2.857, p=0.007), and WCST previous category errors (B=−0.207, t=−2.529, p=0.017) contribute significantly to the result of Chinese reading comprehension.



TABLE 6. Results of multiple regression analyses on Chinese reading comprehension.
[image: Table6]

To sum up, the correlation and regression analyses showed that education, L2 learning history, and L2 proficiency were positively correlated with L2 Chinese reading comprehension, whereas errors made in the WCST was negatively correlated with L2 Chinese reading comprehension. Further multiple stepwise regression analyses revealed that L2 learning history, IQ, and WCST previous category errors significantly predicted Chinese reading comprehension. These results indicate that longer time of Chinese learning, higher intelligence, and better mental set shifting are related to better performance of Chinese reading comprehension.




DISCUSSION

The current study examined how demographics, language learning experience, and cognitive control were related to L2 Chinese reading comprehension among international students who learned Chinese as second/foreign language in mainland China. The results showed that demographic features, language learning experience, and cognitive control were indeed related to L2 Chinese reading comprehension, but in different ways.

Firstly, the relationship between demographic features and Chinese reading comprehension seems to be complicated. The correlation results showed that education was positively correlated with Chinese reading comprehension. In the regression analyses when other variables were entered, only IQ remained a significant predictor for variances of Chinese reading comprehension. These results are consistent with previous finding that reading comprehension is associated closely with learners’ demographic features, such as age, IQ, SES, and education (Jones and Mandeville, 1990; Zelinski and Hyde, 1996; Ghabanchi and Rastegar, 2014; Cheng and Wu, 2017). However, we did not observe any significant association between SES, age, and reading comprehension in our study. The reason may lie in some differences between previous studies and ours. Firstly, most previous studies showed that the effect of SES (measured by parental education) on L1 (Chinese) reading achievement has been substantial among children/adolescents (e.g., Guo et al., 2018). As for children, parents with higher SES usually make greater material and interpersonal investments in children’s development (Conger and Donnellan, 2007; Bergen et al., 2017), which may result in larger vocabulary size and more reading activities. However, in our study the participants who took Chinese as second/foreign language were young adults in their early twenties. This may explain why there is no SES effect in our research, which is consistent with some studies that SES is not a significant predictor of L2 (English) reading comprehension among undergraduate students (Ismail et al., 2019). Secondly, different cultures may modify the effect of SES on reading comprehension. It has been reported that Chinese parents tend to have more involvement in their children’s academic learning compared to parents from other cultures as Chinese parents see education as a collective, not an individual responsibility (Huntsinger and Jose, 2009). In our study, however, the participants came from African countries. As for the age effect on reading comprehension, among our participants, their ages were relatively homogeneous as all of them were in their early twenties. This similarity might have reduced the influence of age on reading comprehension.

Our study showed positive relation between IQ and reading comprehension, which is consistent with previous research (Eaves et al., 1994; Tiu et al., 2003; Ningrum and Wibowo, 2017; Blankenship et al., 2019), particularly among children with intellectual disability (Cohen et al., 2001; Tiu et al., 2003). In Blankenship et al. (2019), the results showed that verbal IQ at 6-year-old children had a direct effect on reading achievement. A study of Tiu et al. (2003) tested the role of IQ in a model of reading. A group of children with and a group without reading disability were compared on tests of reading comprehension, listening comprehension, decoding, processing speed, and intelligence (a performance Wechsler Intelligence Scale for Children). The data analysis results showed a significant role of IQ in predicting reading comprehension. However, there are also studies that did not find such association. For example, Share et al. (1989) investigated IQ (Wechsler Intelligence Test) and reading progress in a longitudinal study of an unselected cohort of 741 children whose reading achievement was assessed at ages 7, 9, 11, and 13years. Their findings on rates of progress and levels of achievement clearly indicated that IQ did not set a limit on reading progress, even in extreme low IQ children. Therefore, they did not support the use of IQ tests to determine achievement potential in reading. These results indicate that there are significant correlations between IQ (both verbal and performance intelligence) and L2 reading comprehension. However, the inconsistency suggests that further study should be conducted to verify at what stage or in what occasion IQ matters for reading comprehension. One thing to note is that our study used Ravens Intelligence Test whereas other studies adopted different tests, such as Wechsler Intelligence Test or verbal IQ Test, which further confirmed that the role of IQ in reading comprehension is reliable, although subtle differences may exist between L1 and L2 Chinese reading comprehension. Another thing to note is that IQ was significant in the regression model but not in the correlation analysis. The reason is that when we conducted correlation analyses between demographics and Chinese reading comprehension, we did not enter the variables of language learning (i.e., L1, L2 proficiency, and L2 learning history) and cognitive control performance (the Flanker task and WCST), because we wanted to see the correlations between each aspect of demographics and reading comprehension separately. In regression analyses, however, our purpose was to identify how different variables might work together to predict reading comprehension.

Secondly, the relationship between language learning experience and reading comprehension has been confirmed in the current study. The correlation results showed a positive correlation between L2 proficiency (in listening, speaking, reading, and writing) and L2 reading comprehension. Some studies (e.g., Lee and Schallert, 1997; Jeon and Yamashita, 2014) have reported complex relationship between L2 reading comprehension, L1 reading ability, and L2 proficiency. For example, a study of Lee and Schallert (1997) has shown that the contribution of L2 proficiency is greater than the contribution of L1 reading ability in predicting L2 reading ability, and that a threshold level of language proficiency (Clarke, 1980) exists such that learners with low levels of L2 proficiency will show little relationship between their L1 and L2 reading ability whereas learners with higher levels of L2 proficiency will show a positive relationship between their L1 and L2 reading performance. In our study, there was no relationship between L1 proficiency and L2 reading comprehension, possibly because our participants’ L2 (Chinese) proficiency was relatively low.

L2 learning history was significantly related with L2 reading comprehension in both correlation and multiple regression analyses. Previous studies did not directly define and examine the effect of L2 learning history on reading comprehension, but examined how time spent on reading might affect reading comprehension. For example, reading volume (time spent on reading) has been suggested as one of the key factors improving reading achievement (Allington, 2014). Likewise, in a large-scale observational study, Foorman et al. (2006) found that the key factor of the reading instruction offered by over 100 observed 1st and 2nd grade teachers was the time that they allocated to text reading. In their findings, reading volume during reading explained variance observed on any of the outcome measures, including word recognition, decoding, and reading comprehension, whereas other time factors, including time spent on phonemic awareness, word recognition, or decoding, were not related to reading growth. These similar results, including ours, clearly show that time spent on L2 learning, or L2 learning history (as broadly termed in our study) has a significant relationship with L2 reading comprehension.

Thirdly, our study provides evidence that cognitive control contributes to L2 reading comprehension. Both the correlations and the regressions analyses in our study showed that the previous category errors made in the WCST were significantly related with L2 reading comprehension. These results are consistent with recent findings that L2 reading comprehension is related with cognitive control (Zirnstein et al., 2018; Meixner et al., 2019; Chung et al., 2020; Johann et al., 2020; Wu et al., 2020). Most previous studies have reported that working memory contributes substantially to L2 reading comprehension (Linck et al., 2014; Nouwens et al., 2016; Weng et al., 2016; Jung, 2018; Johann et al., 2020; Hijikata and Koizumi, 2021). However, relatively fewer studies examined other components of cognitive control and their relationship with L2 reading. In our study, we adopted the Flanker task and the WCST to measure three components of cognitive control: inhibition, monitoring, and mental set shifting. We did not observe the significant effect of inhibition and monitoring as measured in the Flanker task. The study of the relationship between the component of monitoring and L2 reading is relatively new, and we have not seen similar studies in the literature. However, there are a few studies examining inhibition and reading comprehension. For example, in Chung et al. (2020), which examined participants with dyslexia, it was found that working memory, inhibition, shifting, vocabulary knowledge, and rapid naming contributed uniquely to reading comprehension in L2 (English). However, our study did not find the inhibition effect, and the participants were college students and they took Chinese as second/foreign language in a naturalistic Chinese immersion context, which may exert differential impact on cognitive control.

In our study, we found that mental set shifting as measured in the WCST significantly contributed to L2 Chinese reading comprehension, which is at least partially consistent with some studies in the literature. For example, in Johann et al. (2020), 186 school children were examined by administering a complex span task (working memory), task switching (cognitive flexibility), a Stroop-like task (inhibition), raven matrices (IQ), a reading speed task, and three reading comprehension tasks. The results showed that working memory, inhibition, and IQ were related to reading speed, but cognitive flexibility (mental set shifting) and IQ were related to reading comprehension, which is similar to our finding. The difference is that we used the Flanker task for inhibition and the WCST for mental set shifting. As mentioned in the introduction, the reason why mental set shifting plays a role in reading comprehension is that shifting ability allows readers to flexibly switch from one mental set to another, such as shifting from decoding process to meaning, or quickly switching among textual information or series of reading strategies (Kieffer et al., 2013; Cartwright et al., 2017). Furthermore, as our participants were in a naturalistic Chinese immersion context, it could possibly be easier for them to switch between languages, thus increasing the efficiency of mental set shifting (Xie and Antolovic, 2021). All these findings suggest that the component of mental set shifting is reliably related to L2 reading comprehension. Combined with findings from other studies, it suggests that different component of cognitive control may contribute to reading comprehension distinctively, which deserves further verification in future studies.



LIMITATIONS AND FUTURE CONCERNS

The current study has provided evidence of the differential contributions of demographics, L2 learning history, and cognitive control to L2 (Chinese) reading comprehension. However, there are some limitations, which are also insightful for future concerns. Firstly, the sample size in our study was relatively small. We believe that a large-scale sample will certainly bring us a more comprehensive picture of the potential variables affecting reading comprehension. Secondly, our study did not include L1 Chinese readers for investigation, but future studies should compare differences between CFL learners and Chinese native speakers as Chinese language may recruit differential cognitive resources compared to alphabetic languages. Previous studies show that visual-verbal association skill significantly predicts Chinese reading acquisition among Chinese native speakers, as the Chinese writing system is not phonologically based but heavily visual (see Yang et al., 2013 for meta-analysis). Moreover, this visual strategy in Chinese reading may be transferred to L2 (English) reading (Koda, 1998; Jeon and Yamashita, 2014). Thirdly, the relationship between those factors examined and Chinese reading comprehension is not clarified regarding the causality. Future studies are encouraged to conduct experimental or longitudinal research for this purpose.



CONCLUSION

The current study explored whether demographic factors, L2 learning experience, and cognitive control contributed to the L2 Chinese reading comprehension. Both the correlation and the stepwise multiple regression analyses showed that some aspects of the three variables significantly contributed to L2 Chinese reading comprehension, such as education and IQ of demographics, L2 proficiency and history of L2 learning experience, and mental set shifting of cognitive control. These findings suggest that L2 reading competence is related not only to language learning itself but also to learners’ demographic background and individual differences of cognitive control, which also provide implications for both L1 and L2 language learning. Future studies should further clarify when and why only some aspects of those variables matter under a specific context.
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English as a verb-medial language has a short-before-long preference, whereas Korean and Japanese as verb-final languages show a long-before-short preference. In second language (L2) research, little is known regarding how L1 processing strategies affect the ultimate attainment of target structures. Existing work has shown that native speakers of Chinese strongly prefer to utter demonstrative-classifier (DCL) phrases first in subject-extracted relatives (DCL-SR-N) and DCLs second in object-extracted relatives (OR-DCL-N). But it remains unknown whether L2 learners with typologically different language backgrounds are able to acquire native-like strategies, and how they deviate from native speakers or even among themselves. Using a phrase-assembly task, we investigated advanced L2-Chinese learners whose L1s were English, Korean, and Japanese, because English lacks individual classifiers and has postnominal relative clause (RC), whereas Korean and Japanese have individual classifiers and prenominal RCs. Results showed that the English and Korean groups deviated from the native controls’ asymmetric pattern, but the Japanese group approximated native-like performance. Furthermore, compared to the English group, the Korean and Japanese groups favored the DCL-second configuration in SRs and ORs. No differences were found between the Korean and Japanese groups. Overall, our findings suggest that L1 processing strategies play an overarching role in L2 acquisition of asymmetric positioning of DCLs in Chinese RCs.
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INTRODUCTION

To attain native-like performance, a second language (L2) learner needs to adopt new strategies in a target language while suppressing competition from her first language (L1). This is a challenging task because languages differ in their syntactic and typological properties, and thus their processing strategies also vary. For instance, in determining the subject/agent of a sentence, English as a strict subject-verb-object (SVO) language relies heavily on word order (e.g., MacWhinney et al., 1984; MacDonald, 1987a), French as a language with rich inflections utilizes verbal agreement (Heilenman and McDonald, 1993), and Chinese as an isolating language with little morphology gives priority to animacy over SVO word order (Miao et al., 1986; Su, 2001). When processing strategies of L1 are in conflict with those of a target L2, linguistic transfer often occurs across the board (lexicon: Poulisse, 1999; De Groot and Keijzer, 2000; Jiang, 2002; Jarvis, 2009; (morpho-)syntax: White, 1985; Jin, 1994; Su, 2001; Wakabayashi, 2002; Ionin et al., 2004; Yuan and Zhao, 2005; Tolentino and Tokowicz, 2011; Hopp, 2017; Hopp and Grüter, 2021; discourse/pragmatics: Williams, 1988; Granger and Tyson, 1996; Zufferey et al., 2015), especially during an early stage of acquisition (Bates and MacWhinney, 1981; Kilborn and Ito, 1989; Sasaki, 1991, 1994; Liu et al., 1992; Su, 2001). Sometimes, L1 transfer can also be observed in advanced L2 learners. As reported in Su (2001), even advanced Chinese-speaking L2-English learners relied heavily on animacy, rather than on word order, when determining the grammatical functions of Animate Noun + Inanimate Noun + V (NNV) and V + Animate Noun + Inanimate Noun (VNN).

However, other studies have documented a gradual shift from L1 strategies to L2 strategies (MacDonald, 1987b), with some even showing that L1 processing strategies can be overridden given sufficient L2 proficiency (Dussias, 2003; Dussias and Sagarra, 2007; Tuninetti et al., 2015). For instance, through extensive exposure to English, Dutch-speaking L2-English learners showed evidence of relinquishing case inflection as a cue when identifying the agent in various constructions, including datives, NVNs, and relative clauses (RCs) (MacDonald, 1987b). Results of such kind have led some researchers to claim that target-L2 processing strategies are ultimately attainable (MacWhinney, 2005, p. 77).

It is worth noting that most L2 studies investigating L1 transfer of parsing strategies demonstrated by advanced learners have focused on comprehension, with few probing language production, particularly at the sentence level. To our knowledge, one study that directly addresses the question of whether L2 learners can fully attain native-like production strategies is Dennison (2008), focusing on phrasal ordering preference. In verb-medial languages such as English, short phrases tend to be uttered before long or heavy phrases (Wasow, 1997; Clark and Wasow, 1998; Stallings et al., 1998; Arnold et al., 2000). For instance, compared to a bare noun (“home”), a complex noun phrase (NP) modified by an RC is most likely to be shifted to the end, as in I invited home a friend that I missed very much, rather than the other way around (I invited a friend that I missed very much home). In verb-final languages such as Japanese and Korean, however, long phrases tend to shift in front of shorter phrases (Yamashita and Chang, 2001; Dennison, 2008), showing a long-before-short preference. Thus, if the object (O) is modified by a long and semantically rich RC, the whole NP is likely to be scrambled to the sentence-initial position, resulting in an OSV structure. Using an L2 production task, Dennison (2008, p. 7) found that when the object was modified by a long RC, Korean natives and Korean-dominant bilinguals showed reduced preference for the canonical SOV order by shifting to the OSV order, producing 29.4 and 41.9% OSV sentences, respectively. In contrast, balanced and English-dominant bilinguals produced significantly less OSV sentences (only 6.8 and 3.3%, respectively), suggesting that they had a hard time switching from the L1 to the target L2 strategy. This study suggests that even though uttering a longer constituent first is arguably more cost-effective in forming long-distance (verb-argument) dependency in SOV languages (Hawkins, 2004, p. 108), bilinguals can still be heavily influenced by their entrenched L1 processing strategies.

However, given that only bilinguals of Korean and English were examined in Dennison (2008), it is not clear to what extent her conclusion is generalizable to late adult L2 learners whose L1s are (dis)similar to the target (L2) language in more than one aspect. Building on the finding of Dennison (2008), we aim to contribute to this line of L2 research by studying online sentence production patterns of a syntactically flexible structure in Chinese.

In Chinese, a demonstrative-classifier (DCL) phrase can precede or follow an RC, yielding either a DCL-first configuration (i.e., DCL-RC-HN) or a DCL-second configuration (i.e., RC-DCL-HN).1 See below an example for each configuration, one in subject-extracted RC [SR, ex. (1)] and the other in object-extracted RC [OR, ex. (2)], where the head noun “bicycle” is extracted from the subject or the object position of the RC, respectively, leaving a co-indexed trace (marked by ti) behind (Aoun and Li, 2003). Note that liang is the classifier denoting vehicles.


(1) DCL-first configuration in subject relative clause (SR) in Chinese



na-liang [SR ti zhuangdao luren de] zixingchei xuyao xiuli

that-CLvehicle _ hit-down pedestrian DE bicycle need repair

“The bicycle that hit the pedestrian needs repairing.”


(2) DCL-second configuration in object relative clause (OR) in Chinese



[OR luren tuidao ti de] na-liang zixingche xuyao xiuli

pedestrian knock-over _ DE that-CLvehicle bicycle need repair

“That bicycle which the pedestrian pushed down needs repairing.”

While both configurations are allowed in Chinese grammar, existing work using corpora (Tang, 2007; Ming, 2010; Wu et al., 2012; Sheng and Wu, 2013) and online sentence production (Wu and Sheng, 2014) has suggested that in actual usage, the positioning of the DCL is contingent upon the type of RC. Specifically, native speakers of Chinese tend to place the DCL before an SR [i.e., short-before-long preference, ex. (1)], but after an OR [i.e., long-before-short preference, ex. (2)]. This asymmetric pattern of DCL positioning by RC types differs from both the short-before-long preference in English on the one hand and the long-before-short preference in Japanese and Korean on the other. Thus, it will be of theoretical interest to investigate whether English-, Japanese-, and Korean-speaking L2-Chinese learners can acquire the native-like asymmetric pattern.


Processing-Driven Account for the Asymmetric Pattern in Chinese

Before investigating to what extent L1 processing strategies impact L2 production patterns, we need to first of all understand what underlies this intriguing asymmetric pattern in Chinese. Here we focus on a processing-driven account (Wu, 2009; Wu and Sheng, 2014; Wu et al., 2018), attributing Chinese native speakers’ production preference to computational efforts involved in using the classifier cue in DCL to build the complex S/OR structure during incremental processing. Consider uttering the SR. As required by Chinese grammar, a classifier is obligatorily congruent with the head noun of the RC. The early presence of classifier in (1) flags an upcoming, semantically matching noun, thus helping the speaker to retrieve the head noun from her mental lexicon much earlier compared to its late occurrence (i.e., the DCL follows the SR), and to build the complex RC structure itself. Furthermore, deferring constituents that are long and complex would buy speakers more time for structural formulation. Since DCLs are morpho-syntactically less weighty than RCs in terms of phrasal length and structural complexity, uttering the DCL first conforms to the accessibility principle or the short-before-long preference widely attested in SVO languages like English (Wasow, 1997; Clark and Wasow, 1998; Stallings et al., 1998; Arnold et al., 2000). In short, uttering DCLs first can relieve Chinese speakers of the pressure to plan the complex SR.

In the case of ORs, however, the picture gets more complicated when one utters DCLs first. Suppose the DCL na-liang in (2) is placed at the left edge of the OR, immediately adjacent to the OR-subject (luren “pedestrian”). Because activation of the classifier typically prompts Chinese speakers to retrieve a semantically congruent noun (Hsu et al., 2006, 2014; Zhou et al., 2010; Qian and Garnsey, 2016; Wu et al., 2018), whereas the vehicle-denoting classifier liang is incompatible with human referents, such a local classifier-noun mismatch (na-liang luren…) would impede lexical access and incur disruption during incremental sentence production. It is certainly an option for the speaker to maintain the congruent head noun in working memory and to suppress competition from the OR-subject while building the OR. But doing so would put a high demand on cognitive resources (Hsu et al., 2014). Thus, to avoid disruption of lexical access and to lessen the cognitive burden, Chinese native speakers tend to postpose the DCL in the case of OR.



Cross-Linguistic Variations in the Positioning of Determiner Phrases in Relative Clauses

The asymmetric positioning of DCLs by RC type reflects Chinese native speakers’ processing strategies associated with classifiers in planning complex RC structures. However, given that languages vary in lexical categories and processing strategies, it is important to investigate whether L2 learners of Chinese can utilize the classifier cue in a native-like manner. We chose to study three groups of adult learners whose native languages are English, Japanese, and Korean because these languages vary in at least two aspects regarding the structure of a determiner phrase (DP) co-occurring with an RC. First, in terms of head direction, English has postnominal RCs, as is typical of languages with VO word order, whereas Korean and Japanese have prenominal RCs, as is typical of OV languages (Greenberg, 1963; Dryer, 2011). Second, in terms of the functional category of determiner (D), English only has (i) the article system that specifies (in)definiteness of the noun and (ii) the number morphology that marks the countability of the noun, without the category of classifier2 (CL) that is unique to classifier languages, whereas Japanese and Korean as East Asian languages, just like Chinese, are numeral-classifier languages (Gil, 2013). Given the similarities of Japanese and Korean to Chinese regarding these two parameters, a question immediately arises: Would it be easier for Japanese- and Korean-speaking learners of Chinese to acquire native-like production strategies than English-speaking learners? Here native-like performance means that attentional resources will be allocated differently depending on the function of classifier as a cue, both in (i) signaling an upcoming head noun, thereby yielding the target DCL-first order in SRs, and in (ii) avoiding potential lexical disruption in pre-OR positions, thus yielding the target DCL-second order in ORs.

However, despite the above similarities regarding the target structures per se, Korean and Japanese differ from Chinese in specific details regarding the realization of D when it co-occurs with RCs. One is the availability of D + CL combination. While Korean and Japanese are obligatory numeral-classifier languages, they only have N(umber)CLs but no D(emonstrative)CLs (Cui, 2014). To introduce deictic information to an NP modified by an RC, bare demonstratives—without the presence of classifiers—are used, specifically, ku (“that”) in Korean and a-no (“that”) in Japanese. In other words, bare demonstratives in Korean- and Japanese-RCs are the equivalent of DCLs in Chinese RCs.

The second difference concerns the positioning bias of demonstratives in RCs. While in theory positioning of demonstratives is flexible in Japanese and Korean [see examples of SR in (3–4)], the D-second configuration is likely to be preferred over the D-first configuration, due to (i) the long-before-short preference in OV languages (Hawkins, 1994; Yamashita and Chang, 2001) and (ii) avoidance of local ambiguity or difficulty in lexical retrieval (e.g., ano hito. in Japanese, or ku hayngin…in Korean, both meaning “that pedestrian…”). Indeed as revealed by a recent Chinese-Japanese translation corpus study, a general post-RC bias of demonstratives was found in Japanese (Sheng, 2010). Similarly, Kim (2014, p. 95) argued that in Korean, a non-restrictive RC (fully fledged or reduced) always precedes the demonstrative.


(3) Japanese SR with flexible positioning of demonstratives



(a-no) [SR ti hito-ni butuk-katta] (a-no) jitensyai-wa syuurisuru-beki-da

that _ pedestrian-ACC hit-PAST that bicycle-TOP repair-should-DECL

“That bicycle which ran into the pedestrian needs repairing.”


(4) Korean SR with flexible positioning of demonstratives



(ku) [SR ti hayngin-ul chi-n] (ku) cacenkei-nun swuli-ka philyoha-ta

(that) _ pedestrian-ACC hit-COMP that bicycle-TOP repair-NOM need-DECL

“That bicycle which ran into the pedestrian needs repairing.”

We summarize the similarities and differences between target L2-Chinese and the three languages in Table 1.


TABLE 1. Summary of similarities and differences between target L2-Chinese and L2 learners’ native languages.
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Previous L2 Studies on Demonstrative-Classifier Positioning in Chinese Relative Clauses

While an increasing number of studies have shown that when uttering RCs, native speakers of Chinese favor the DCL-first configuration in SRs and the DCL-second configuration in ORs, relatively little is known regarding how adult L2 learners position DCLs when producing Chinese RCs. To our knowledge, existing work on DP positioning in L2-Chinese RCs has almost exclusively focused on English-speaking learners (Xu, 2009; Li J., 2013; Wu and Sheng, 2014), with few on Japanese-speaking (Lyu and Wu, 2017) or Korean-speaking (Wu and Lyu, 2016) learners. However, none of them directly compared differences across different groups using inferential statistical methods. Furthermore, the results are rather mixed, and even puzzling.

Consider the production experiments first. Using an offline task of filling in the blank with given words, Xu (2013) found that American intermediate learners of Chinese showed no particular bias for DCL positions when completing 347 sentences with SRs (55.62% DCL-first vs. 44.38% DCL-second), but a bias for the DCL-second configuration (62.26%, in contrast to 37.74% DCL-first configuration) when completing 204 sentences with ORs.3 However, using phrase-based production task, Wu and Sheng (2014) found that advanced English-speaking learners showed an overall bias for the DCL-first configuration when uttering both SRs (123/148, 83.11%) and ORs (122/193, 63.21%). Clearly, these two experimental studies yield inconsistent patterns for L2 learners whose L1 is English. Note, however, all the DCLs in Xu (2013) contained the generic classifier ge, which, bleached of semantic uniqueness, can also be used to modify the immediately following OR-subject, thus forming a local DP whose literal interpretation (e.g., “the boy who that girl loves”) is not the intended meaning (“that boy who the girl loves”), as in [OR na-gei nvehai aishang de nanshengi] “that-CL girl love REL boy.” This ambiguity would render the classifier cue ineffective in predicting the RC structure. In the current study, we followed Wu and Sheng (2014) by using non-generic classifiers.

Regarding L2 learners whose L1s are OV languages, Japanese speakers were found to pattern like native speakers of Chinese by producing the asymmetric pattern, specifically, 154 DCL-1st vs. 104 DCL-2nd in SRs and 119 DCL-1st vs. 152 DCL-2nd in ORs (Lyu and Wu, 2017). However, Korean speakers were found to have no particular bias (142 DCL-1st vs. 176 DCL-2nd) in SRs, but a bias for the DCL-second configuration (175, in contrast to122 DCL-1st) in ORs (Wu and Lyu, 2016). Note that these two studies used exactly the same procedure (i.e., phrase-based production paradigm), thus rendering the distinct patterns rather puzzling, assuming that Japanese and Korean are typologically similar and share a number of properties with their L2-Chinese in terms of the target structure.

In contrast to the inconsistent findings in prior sentence production work, the patterns yielded by existing L2 corpus studies appear to be quite enlightening. Using the inter-language composition corpus of the Chinese Proficiency Test (HSK), these studies examined the distributional patterns of classifiers (both DCLs and NCLs) in RCs produced by intermediate and advanced L2-Chinese learners (English: Li J., 2013; Korean: Wu and Lyu, 2016; Japanese: Lyu and Wu, 2017). We summarize their findings in Table 2.


TABLE 2. Distribution of NCL/DCLs in RCs found in the inter-language composition corpus reported in existing works on English-, Japanese-, and Korean-speaking L2-Chinese learners.

[image: Table 2]First, regardless of their L1s, L2 learners generally preferred the DCL/NCL-first configuration in SRs (English: 42/46, 91.30%; Japanese: 27/32, 84.38%; Korean: 25/31, 80.65%). Second, in the case of ORs, English L2-Chinese learners showed no particular bias for DCL/NCL positioning, whereas Korean and Japanese L2-Chinese learners appeared to have a bias for DCL/NCL-second configuration in ORs. However, it is worth noting that in contrast to an overall high production rate of SRs, L2 learners produced few tokens of ORs (English: 12; Japanese: 15; Korean: 17). Recall that the DCL-OR order is computationally demanding even for native speakers of Chinese, thus these L2 learners of Chinese were likely to strategically avoid producing DCLs that co-occurred with ORs in off-line writing tasks.

To summarize, while the findings from L2-learners’ composition-based corpora are quite revealing in how L1s were potentially at work in off-line sentence production, the small size of target OR structures in the corpora could render statistical analyses difficult. Thus, lab-controlled experiments might be a viable way to further examine L2 productions. However, existing experimental work only examined a particular L2 group, and the statistical analyses were conducted using chi-square tests. All this renders it difficult to make cross-group comparisons. In view of inconsistent and puzzling findings of phrase-based production experiments, we note that advanced L2 participants might vary in their proficiencies, as reflected by the low production rates of “completely correct” RCs in English speakers (Wu and Sheng, 2014, p. 406, Table 1), with 56.27% accuracy in SRs and 73.11% accuracy in ORs. Thus, we aimed to use the same experimental procedure as in prior work, while controlling the potential proficiency confound, and to further investigate whether adult L2 learners whose L1 processing strategies vary typologically could produce in real time the target-like asymmetric pattern in Chinese RCs.



RESEARCH QUESTIONS AND PREDICTIONS

We set out to probe the online production patterns of DCL positioning in Chinese RCs by advanced L2 learners whose L1s are English, Japanese, and Korean. We ask the following research questions:

(i) Can advanced L2-Chinese learners with different L1 backgrounds acquire native-like processing strategies, specifically, favoring the DCL-first configuration in SRs and the DCL-second configuration in ORs? If not, how deviated are they from native speakers in terms of their production patterns?

(ii) Are there any differences in production patterns between L2 groups? Specifically, how do Korean and Japanese natives differ from English natives? In addition, do Korean and Japanese natives differ despite that they both reportedly prefer the long-before-short strategy?

We remain agnostic about the prediction of the first question due to (i) its empirical nature and (ii) the mixed results from existing work. Regarding the second question, as determiners always precede other nominal modifiers in English, assuming L1 transfer, we predict that English L2-learners are more likely to prepose the DCL compared to Japanese and Korean groups whose L1s exhibit a long-before-short preference. Alternatively, with sufficient language experience, English learners could override L1 influence and do not show any difference compared to Japanese and Korean learners. Regarding the second half of the question, building on existing corpus findings (Wu and Lyu, 2016; Lyu and Wu, 2017), we predict that with proficiency being well controlled, Korean and Japanese natives are expected to pattern alike, and possibly approximate native-like asymmetric patterns.



THE L2 PRODUCTION EXPERIMENT

To answer empirical questions and to test our predictions, we adopted the same experimental procedure as in existing work (Wu and Sheng, 2014; Wu and Lyu, 2016; Lyu and Wu, 2017), namely, a phrase-assembly task that is commonly used in the sentence production literature (Ferreira, 1996; Yamashita and Chang, 2001; Dennison, 2008; Hwang and Kaiser, 2015).


Methods


Participants

We recruited 47 English, 37 Korean, and 38 Japanese native speakers who were at intermediate-high or high levels of Chinese proficiency from universities in Shanghai, Beijing and Nanjing. All had either passed the standardized Chinese Proficiency Test (HSK4). Level 5/6 by the time they participated in the experiment or had reached the high-proficiency level by taking advanced Chinese classes. Prior to the production experiment, all L2 participants were required to take a screening test. The test consisted of 40 words from the HSK (Level 6) vocabulary list, all to appear in the production experiment. Participants were shown each word on a computer screen and were asked to read it aloud. Only those whose initial accuracy rate exceeded 70% were allowed to proceed, resulting in 37 English (mean age = 23.3 years, SD = 2.68, mean years of studying in China = 4.1), 35 Korean (mean age = 23.7 years, SD = 4.18, mean years of studying in China = 7.3), and 37 Japanese (mean age = 21.2 years, SD = 2.43, mean years of studying in China = 4.3) L2 learners. They then received intensive training on those words, until they recognized all the words in a follow-up test.

Twenty-two native speakers of Chinese (mean age = 21.8 years, SD = 1.4) from a university in Shanghai also participated in the experiment as the control group.



Materials and Design


Written Stimuli

Experimental stimuli consisted of 24 sets of Chinese sentences, each in two conditions: SR or OR, as in (5a-b). Each sentence was chunked into four parts: RC, DCL, HN, and MC. To necessitate the use of individual classifiers, all HNs were inanimate, and RC-internal NP animate.5 DCLs matched the inanimate HN only, and mismatched the RC-internal NP, thus ruling out the confound in Xu (2013) where the generic classifier ge can modify both the RC-internal NP and the HN.


(5) A sample set of stimulus in four chunks (written in Chinese characters in actual experiment):


a. | SR hit-down pedestrians DE | DCLi | HN bicyclei | MC need repairing |

b. | OR pedestrians push-down DE | DCLi | HN bicyclei | MC need repairing |





We also created 36 fillers of various constructions,6 all chunked into four parts. The target items were combined with the fillers to form 2 counterbalanced lists. Thus, each list contained 24 targets and 36 fillers, which were then pseudo-randomized such that no more than two target sentences appeared in succession.



Visual Display

For each sentence, the four chunks (i.e., DCL, HN, RC, MC) were pseudo-randomly assigned to four rectangular boxes that appeared in fixed positions on the computer screen: top, left, right, and bottom (Figure 1).


[image: image]

FIGURE 1. An example of the visual display.


As our primary concern was where exactly in participants’ utterances the DCL was located relative to the RC and the HN, we selected the DCL as a reference point, and assigned the RC and the HN next to its sides to form a triangle, leaving the fourth box to the MC. To minimize potential effects of physical distance on participants when they conceptualized or planned utterances, we kept the visual distance between DCL and RC the same as the distance between DCL and HN. This design yielded 8 possible visual displays. DCL on the top, however, would have resulted in HN and RC right below it (left or right), yet the linear presentation of these words might lead a “visual” participant to simply read them out, producing the target DCL-RC order (e.g., “DCL knock over pedestrians DE”) or a DP sequence of DCL-HN (e.g., “that girl”). To eliminate this positioning confound and to make the task more challenging, these two versions were excluded, leaving 6 visual layouts in total for further counterbalancing.



Procedure

The visual stimuli were presented by Paradigm (Perceptual Research System Inc.). Instructions were written in participants’ native languages to ensure that participants understood the task. Participants were seated in front of a laptop in a quiet room wearing a Sennheiser headphone. They pressed the space bar to initiate the trial. For each trial, participants viewed the visual stimuli in four chunks. Their task was to combine the four fragments presented on the screen into a sentence that sounded natural to them, and to utter it when they were ready. In 10 s they heard a 350 ms-long beep, upon which they had to speak out if they had not yet done so. They had 15s to finish the sentence, or the visual stimuli disappeared. Thus, each trial lasted 25 s. Figure 2 illustrates the experimental procedure.


[image: image]

FIGURE 2. Experimental procedure for L2-Chinese learners.


To make the task more engaging for native speakers of Chinese, the visual stimuli vanished from the screen in 4,500 ms, instead of always remaining in sight for L2 participants. Meanwhile, the beep sound was presented.

All participants had four practice trials to familiarize themselves with the procedure. They took a rest when finishing half of the trials. The whole experiment took approximately 30 min.



Data Coding

Participants’ utterances were categorized into three types based on grammaticality and expectedness:

Type 1: Target utterance. Participants used all the four components on the screen, producing grammatical sentences as expected, as in (1).

Type 2: Grammatical but unexpected. The utterances were grammatical but deviated from expected forms, mainly due to position exchange or omission of components.

Type 3: Ungrammatical. The utterances were incomplete sentence fragments, syntactically ill-formed, or semantically anomalous.



Results

Data from 37 participants were eliminated from data analyses for the following reasons: (1) Ten participants (English: 6; Japanese: 4) had an extremely low rate of target utterances (cutoff being 50% for English, and 62.5% for Japanese/Korean); (2) Eleven participants (English: 5; Japanese: 4; Korean: 2) exclusively produced either a DCL-first or a DCL-second configuration (see Ferreira and Yoshita, 2003; Slevc, 2011 for similar practice); (3) Two participants (English: 1; Japanese: 1) self-reported in post-experimental interviews and were verified by their actual production that they adopted specific strategies in assembling chunks (e.g., always uttered the predicate first). In addition, given that the L2-Chinese proficiency was high for the Japanese and Korean natives overall compared to English natives, to ensure each group had comparable target structures (i.e., Type 1 utterances) for inferential statistics, we further eliminated fourteen participants (Japanese: 5; Korean: 9) who produced no more than two instances of DCL-first or DCL-second configuration. The remaining data of 94 participants were entered into statistical analyses, including 25 English, 23 Japanese, 24 Korean L2-Chinese learners and 22 native controls.

Table 3 shows the distribution of 3 types of utterances produced by the Chinese controls and the three groups of L2-Chinese learners.


TABLE 3. Utterance types produced by all groups of participants.

[image: Table 3]Two observations are noteworthy. First, the accuracy rates of the target RCs were high overall (native controls: 88.8%; Korean: 91.1%; Japanese: 89.1%), except for the English group (78.7%).7 While it is possible that our English learners were less proficient than Korean and Japanese learners, this possibility was kept minimal as we used very strict criteria to screen L2 participants, and cares were taken to ensure that our L2 groups’ production rates of target utterances were comparable. We instead attribute the relative low accuracy rate of the English group possibly to head-direction in L1, which plays a role in modulating the ease of production. As English RCs are head-initial, it is conceivably more difficult for English-speaking learners of Chinese to produce head-final RCs compared with Korean and Japanese learners.

Second, L2 groups appeared to differ from native controls in RC accessibility. Consistent with the Noun Phrase Accessibility Hierarchy (Keenan and Comrie, 1977), Chinese speakers were numerically more accurate in uttering SRs than ORs (91.3% vs. 86.4%). In contrast, all three L2 groups appear to be more accurate in OR than in SR conditions (English: 83.7% vs. 73.7%; Korean: 93.1% vs. 89.2%; Japanese: 91.3% vs. 87.0%), but the difference did not reach significance. In fact, this numerical trend for OR advantage echoes existing L2-production studies (Wu and Sheng, 2014; Wu and Lyu, 2016; Lyu and Wu, 2017), possibly because the NV…sequence in the OR resembles the canonical word order (SVO) in Chinese.

Given that our study is mainly concerned with whether L2 learners could acquire native-like positioning patterns of the DCL, in the sections below we focus on target utterances only.


Distribution of Demonstrative-Classifiers in Target Relative Clauses

Figure 3 shows the distribution of DCLs as a function of RC types across the Chinese control group and three L2 groups. As revealed by the leftmost bars, the native control group produced an asymmetric pattern of DCL by the RC type. Regarding the three L2-learner groups, while the English group appears to show a general bias for the DCL-first configuration regardless of the RC type, the Korean and Japanese groups seem to pattern like the native control group, especially the Japanese group (see the rightmost bars).
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FIGURE 3. The distribution of DCL in SR and OR across Chinese controls and three L2 groups. Error bars are standard errors over by-participant means.




Statistical Analyses

All target utterances were analyzed using logistic mixed-effects regression models in R using the lme4 package (Bates et al., 2015), with DCL position (DCL-first = 1, DCL-second = 0) as the dependent variable. For all analyses, the initial model included a maximal random-effects structure that included all fixed effects and interactions among them. If the maximal model failed to converge, the random-effects structure was simplified by removing the random slopes of the fixed effects one at a time (Barr et al., 2013).

To check whether the four groups varied in their RC production patterns reflected by an interaction of RC Type × Native Language, we first built a full model with the fixed effects of RC Type and Native Language and their interactions, and then compared it with a model that excluded the interaction, using likelihood ratio tests (Barr et al., 2013). The result showed that the full model has a significantly better fit for the data than the model without the interaction [likelihood ratio test: x2(3) = 29.30, p < 0.0001], confirming that L2 groups’ production patterns were significantly deviated from those of the native controls.

To fully capture each participant group’s production patterns, we then fitted models for each group separately. RC Type (treatment-coded; baseline: OR) was included as the fixed effect. The model results of each group are summarized in Table 4. In the output, a positive log-odds coefficient means a bias for the DCL-first configuration, whereas a negative coefficient indicates a bias for the DCL-second configuration. For example, a positive log-odds coefficient for the Chinese control group in the SR shows that they were more likely to produce a DCL-first configuration in response to SRs.


TABLE 4. Logistic mixed-effects models by participant group and RC type including all perfect utterances.

[image: Table 4]Consistent with existing L1 literature, the native control group showed a significant asymmetric pattern of DCL by the RC type (SR: β = 1.07, SE = 0.30, z = 3.56, p < 0.001; OR: β = −0.87, SE = 0.32, z = −2.68, p < 0.01). Regarding the L2-learners, while the English group appeared to show a general bias for the DCL-first configuration, statistical significance was found in SRs only (β = 2.08, SE = 0.35, z = 5.89, p < 0.0001), but not in ORs (β = 0.46, SE = 0.31, z = 1.48, p > 0.05). The other two L2-groups seemingly behaved like native controls, but the Korean group only showed numerical trends for the asymmetric pattern (SRs: β = 0.18, SE = 0.25, z = 0.71, p > 0.05; ORs: β = −0.34, SE = 0.25, z = −1.34, p > 0.05), and the Japanese group showed a significant DCL-first bias in SRs only (SRs: β = 0.46, SE = 0.21, z = 2.22, p < 0.05; ORs: β = −0.36, SE = 0.20, z = −1.76, p > 0.05).

To specifically address our research questions, we further conducted statistical analyses for cross-group comparisons. To find out how L2 groups deviated from the Chinese native controls in their production patterns, logistic mixed-effects models were performed with DCL position as the dependent variable, and RC Type (treatment-coded; baseline: OR), Native Language (treatment-coded, baseline: Chinese) and their interactions included as fixed effects. To further probe how Korean and Japanese learners differed from English learners in their production pattern, we performed the same model, but this time set English as the reference level for Native Language. Similarly, to assess whether Korean learners deviated from Japanese learners in their utterance pattern, we reran the model with the Japanese group as the reference level. The model results are present in Table 5. We discuss each set of results below.


TABLE 5. Logistic mixed-effects models by group comparison and RC type including all perfect utterances.

[image: Table 5]


L2 Groups vs. Chinese Controls

In Table 5, the results in the first row show how each L2 group deviated from the Chinese native controls. In the case of SRs, the English group showed a significantly stronger bias for the DCL-first configuration than the native controls (β = 0.95, SE = 0.39, z = 2.47, p < 0.05). In contrast, compared to the native controls, both the Korean and Japanese groups showed a stronger bias for the DCL-second configuration, but this bias reached significance only with the Korean group (β = −0.83, SE = 0.36, z = −2.34, p < 0.05), not with the Japanese group (β = −0.54, SE = 0.36, z = −1.50, p > 0.05).

In the case of ORs, compared to the native controls, the English group showed a significant bias for the DCL-first configuration (β = 1.26, SE = 0.36, z = 3.46, p < 0.0001), but neither the Korean nor the Japanese groups showed a stronger DCL-first bias (Korean: β = 0.46, SE = 0.36, z = 1.28, p > 0.1; Japanese: β = 0.43, SE = 0.36, z = 1.19, p > 0.1).



English Group vs. Korean/Japanese Groups

In Table 5, the second row reports the results of comparisons between English learners (whose L1 favors the short-before-long strategy) and Korean/Japanese learners (whose L1s prefer the long-before-short strategy), with English group as the reference level. In the case of SRs, both the Korean and Japanese groups showed a significant bias for the DCL-second configuration compared to English group (Korean: β = −1.79, SE = 0.38, z = −4.73, p < 0.0001; Japanese: β = −1.49, SE = 0.38, z = −3.92, p < 0.0001). This stronger bias for the DCL-second configuration was also found in the case of ORs for both the Korean and Japanese groups (Korean: β = −0.79, SE = 0.35, z = −2.29, p < 0.05; Japanese: β = −0.82, SE = 0.35, z = −2.34, p < 0.05).



Korean Group vs. Japanese Group

The last row of Table 5 reports the results of comparisons between the L2-learner groups whose L1s favor the long-before-short strategy. Compared to the Japanese group, the Korean group did not differ significantly in both SRs (β = −0.29, SE = 0.31, z = −0.94, p > 0.05) and ORs (β = 0.03, SE = 0.31, z = 0.10, p > 0.05).



DISCUSSION

Using a phrase-assembly task, we investigated the positioning of DCLs in Chinese RCs produced by advanced learners of Chinese whose native languages are English, Japanese, and Korean. Specifically, we examined how L1 production strategies affect L2 acquisition of the target structure alternations (i.e., DCL-SR and OR-DCL). We obtained four major findings. First, in terms of DCL positioning in SRs, compared to the Chinese natives, the English group showed an even stronger bias for the DCL-first configuration, whereas the Korean group showed a stronger bias for the DCL-second configuration, with the Japanese group approximating native-like performance. Second, in terms of DCL-positioning in ORs, compared to the Chinese natives, the English group still showed a stronger bias for the DCL-first configuration, but both the Korean and Japanese groups approximated native-like performance. Third, compared to the English group, the Korean and Japanese groups favored the DCL-second configuration in both SRs and ORs. Fourth, no differences were found between the Korean and Japanese groups. As discussed below, these findings suggest that L1 processing strategies play a deterministic role in modulating L2 acquisition of native-like production strategies, at least in the specific construction of DCL positioning in Chinese RCs.


English Group: Lack of Classifier Weakens Sensitivity to Lexical Disruption in DCL-OR

Compared to the native controls’ asymmetric patterns of DCL positioning by RC type, the English group showed a stronger bias for the DCL-first configuration in both SRs and ORs, suggesting that the short-before-long processing strategy in their L1 plays an overarching role. Their native-like bias for the target DCL-SR order suggests that despite the fact that English RCs are postnominal, resetting the parameter of head-direction to prenominal RCs does not impose much difficulty to late adult learners. Rather, it is the lack of the category of classifier in L1-English that affects their ability to fully produce the target OR-DCL order.

The category of classifier in Chinese is perhaps more complex than merely a functional category as the generative grammar labels it (e.g., Cheng and Sybesma, 1999, 2012; Huang et al., 2009; cf. Wu and Bodomo, 2009; Li X., 2013). It requires agreement to the noun it modifies, but the criteria for classifier-noun congruence are rather random, sometimes arbitrary (Greenberg, 1972; Gao and Malt, 2009). As reported in Hansen and Chen (2001), even highly proficient missionaries immersed in Chinese-speaking regions for years had problems with classifiers once they stopped receiving extensive input. Thus, to English-speaking late adult learners whose L1 does not encode this category at all, mastery of classifier-noun congruence necessarily involves vast exposure and considerable memorization, without which it would be difficult to sensitize them to the incongruence between a classifier and a following noun as in the case of DCL-OR. Furthermore, the OR-DCL order involves additional cognitive resources or computational steps compared with the DCL-OR order8 (Ming, 2010; Ming and Chen, 2010; Zhang, 2015). Recall that it is the local classifier-noun incongruence that impedes lexical retrieval and prompts Chinese speakers to postpose the DCL. The extra step of postposing DCLs certainly demands cognitive resources, whereas late adult L2-Chinese learners are known to have limited working memory capacity (for a meta-analysis, see Linck et al., 2013). Specifically, for our English group, using the classifier cue to construct a prenominal OR might have already been cognitively demanding, as it involves a long-distance dependency between the classifier and the clause-final head noun (Hsu et al., 2014; Qian and Garnsey, 2016), leaving little resource to compute or even “notice” the local incongruity between the classifier and its immediately following OR-subject. In short, the complexity underlying the target OR-DCL linearization, in conjunction with the lack of classifiers in L1, explains the English group’s overall bias for the DCL-first configuration.

Do English-speaking learners have a representation of classifiers at all? We believe the answer is affirmative. First of all, the DCL positioning differences in SRs vs. ORs suggests that English learners did make some effort, however minimal, to shift the DCL. Second, if due to lexical transfer English-speaking learners merely treated the DCL in Chinese as equivalent to the definiteness-denoting determiner in English, ignoring the classifier in the DCL in their representation of inter-language, then we would expect to see a large number of DCL-HN-RC (i.e., postnominal RC) utterances, given the convenience of forming an English version of a DP consisted of a determiner and a noun. But on the contrary, we only found 5.83% (35 tokens, including 19 Ungrammatical ones) of such structure, which is indeed allowed in spoken Chinese (Li and Thompson, 1984; Wang and Wu, 2020). Note, however, that this type of postnominal RC structure was also produced by Japanese (21 tokens, 3.80%) and Korean (7 tokens, 1.22%) speakers. Thus, we contend that for the English L2-Chinese learners, it is just the collocation of which classifier goes with which noun that goes beyond their learnability.



Korean and Japanese Groups: Pattern Alike

Our Korean and Japanese groups pattern alike for both SRs and ORs, without any differences being found between them, in contrast to prior findings. Recall that one puzzling pattern of results in exiting work is that Koreans were found to show an overall preference for the DCL-second configuration in both SRs and ORs (Wu and Lyu, 2016), whereas Japanese L2-learners approximated native speakers’ asymmetric pattern of DCL positioning (Lyu and Wu, 2017). Note, however, these two works were presented as separate studies, unlike the current study that focused on between- or cross-group comparisons using modern statistical analyses. Furthermore, the current study had much stricter criteria in screening our L2 participants as advanced learners of Chinese, whose production rates of target utterances were of similar magnitude across the L2 groups. Thus, we believe our current findings are statistically valid and, crucially, logically sound, given that both languages are typologically similar, with specific parameters (i.e., head directionality, classifier) examined in the current study very much alike as well. Therefore, our finding that Korean and Japanese groups did not differ in positioning DCLs in different types of RCs fits our expectations.

Additional evidence for the Korean and Japanese groups to pattern alike comes from a unanimous DCL-second bias in SRs and ORs when their utterances were compared to those of the English group. Note that here the between-group comparisons were made on a relative scale, that is, when viewed separately, both Korean and Japanese group appeared to show a trend for the DCL-first bias in SRs, but the even stronger DCL-first bias demonstrated by the English group rendered them to be showing a DCL-second bias. Likewise, while both Korean (56.7%) and Japanese (57.9%) tended to put DCLs after ORs, this DCL-second bias was rendered even stronger by the much less production rate of the OR-DCL-HN structure of the English group (40.2%). Here we would like to argue that to both the Korean and Japanese groups, the strong “long before short” preference was very likely to bring additional benefits in helping them utter ORs, given that the target OR-DCL order potentially involves complex computation. Furthermore, known as numeral-classifier languages, Korean and Japanese has the category of Classifier. Thus, it might come as no surprise for those adult learners of Chinese to be sensitive to the local classifier-noun mismatch in the DCL-OR order, hence yielding more target OR-DCL structures than their English counterparts.



Korean and Japanese Groups: Subtle Differences in Comparison With Native Controls

It is worth noting that the Korean group differed from the Japanese group in subtle aspects when their utterances were compared to those of the native controls. The Japanese group did not deviate from the native group, by producing the asymmetric pattern of DCL-positioning by RC types. But the Korean group showed a stronger bias for the DCL-second configuration in SRs than the native controls, while they approximated the native-like pattern in ORs.

Why then did the Korean group (47.1%) show a stronger DCL-second bias than the native controls (27.7%) when uttering SRs? Here we would like to argue that L1 and L2 processing strategies competed for determining the production patterns such that neither strategy gained an upper hand. Recall that Korean prefers the long-before-short strategy, rendering the D-RC configuration less preferred in L1-Korean than the RC-D configuration. For our Korean group, this language-specific constraint might neutralize the high accessibility of DCL (recall that DCL is shorter and syntactically less weighty than SR). This lends support to the Processibility Theory (Pienemann, 1998, p. 82) that “L1 procedures may be transferred when they are processable within the interlanguage system, i.e., as soon as the necessary prerequisites have been developed,” where L1 procedure includes linearization of “word order.” The fact that the RC-D-HN order is highly preferred than the D-RC-HN order and thus more processable in L1-Korean explains why the Korean-speaking learners were more likely to produce the target OR-DCL order in L2-Chinese, and the non-target SR-DCL order as well, when compared to the native controls. Our results from the Korean group are also consistent with the finding in Dennison (2008), showing that it is very difficult, if not impossible, to eradicate the long-before-short processing strategy in L1-Korean.

The fact that the Korean group diverged from the Chinese controls in SRs further suggests that while the Korean learners were aware of the processing advantage brought about by the DCL-SR configuration, they relied to a lesser extent on the classifier as a cue to plan speech, presumably influenced by the vestigial, however, minimal, long-before-short strategy. Now the question is whether this is the final stage of their L2 acquisition process or whether the Korean learners are still in the process of full attainment in a native-like manner. If it is the former, the current findings only demonstrate the deterministic role of L1 processing strategy in L2 production, but do not fully support the Unified Competition Model (UCM) (MacWhinney, 2005). If, however, the Korean learners are still on their way to internalizing the L2-Chinese processing strategies of DCL positioning, the current study might be a perfect case illustrating a transitional stage of L2 development, which is predicted by the UCM. To shed light on this issue, future studies could benefit by looking at Korean L2-Chinese learners who have prolonged exposure to Chinese in an L2 language environment.

Critically, unlike the Korean group, why were the Japanese group able to produce the target DCL-SR order, approximating the native-like performance? Given that the target DCL-SR order is not computationally demanding and that Japanese does encode Classifier, it might not be too surprising that Japanese-speaking adult learners with enough experience in their L1, if not enough usage in L2-Chinese, were able to use the classifier cue to help them utter the SR. This leads us to a somewhat different conclusion from Dennison (2008), which implied that L2 processing strategies are impossible to acquire. Notice that Dennison (2008) examined learners with only one linguistic background, namely Korean, yet there exist minute differences among native speakers and bilinguals with different proficiencies in Korean. Here we argue that L2 processing strategies can be acquired, as demonstrated by our data from the Japanese group. Our study also lends support to the UCM (MacWhinney, 2005), one essential claim of which is that when faced with options, L2 learners might necessarily transfer their L1 processing strategies en masse to the target L2, but it is not an insurmountable task to inhibit the L1 strategy and to switch to the L2 strategy. Through extensive naturalistic exposure to the target language, a gradual shift to the target-like production pattern will emerge. The fact that our Japanese group displayed an asymmetric DCL positioning pattern, instead of a DCL-second bias in SRs as their Korean counterparts did, argues in favor of this hypothesis at least to some extent.



CONCLUSION

The present study is the first to investigate DCL positioning in spoken production across three learner groups with different typological encoding of determiner phrases. We found English L2 participants showed distinct patterns from Korean and Japanese L2 participants, but Korean and Japanese very much resembled each other. While these advanced L2 learners deviated in varying degrees from the native controls in attaining native-like production strategies, their overall performance was subject to L1 transfer. We conclude that when processing strategies compete between L1 and L2, native-like processing strategies can be acquired, yet the ultimate success is contingent upon L1-specific properties.
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FOOTNOTES

1 Existing research has been mixed regarding semantic interpretation of these two alternations. Some support a distinction of restrictive vs. non-restrictive reading (Chao, 1968; Yue-Hashimoto, 1971; Huang, 1982), whereas others do not (Del Gobbo, 2003, 2010; Lin, 2003; Zhang, 2006). The semantic distinctions between these two patterns, however, are not directly related to the major concern of the current paper, nor do they affect our conclusions.

2 While English has fairly productive measure words [e.g., “two kilos/pounds/boxes (of apples),” “a pair (of shoes),” “a pack (of people),” “a flock (of sheep)”], these “mensural classifiers” are different from the “sortal” or “individual” classifiers used in our production experiments. First, whereas mensural classifiers can be used for measuring units of conceptually count and mass nouns, individual classifiers are used only with conceptually count nouns (e.g., Croft, 1994, pp. 151–152; Cheng and Sybesma, 1999, p. 515). Second, constructions corresponding to the mensural classifier phrases are said to occur in all languages, whereas individual classifiers are unique to classifier languages only (e.g., Croft, 1994, p. 152; Lyons, 1977, p. 464; Löbel, 2000, p. 223).

3 Here we focus on target-like RC responses reported in Table 2 of Xu (2013, p. 178), leaving aside 13 RCs with errors. Out of 347 SRs, 193 (55.62%) occurred in the DCL-first condition, and 154 (44.38%) in the DCL-second condition. Out of 204 ORs, 127 (62.26%) were in the DCL-second condition, whereas 77 (37.74%) were in the DCL-first condition.

4 Effective in 2007, the new version of HSK assigns test-takers to 6 proficiency levels. Test-takers passing HSK levels 5-6 are considered as highly proficient in Chinese.

5 This means that the ORs had the typical animacy configuration (i.e., head noun = inanimate, embedded noun = animate), but the SRs had the reversed animacy configuration (i.e., head noun = inanimate, embedded noun = animate). Note, however, the seemingly unusual configuration in SRs is consistent with the finding of existing Chinese corpus studies, that is, while head nouns of ORs prefer to be inanimate, head nouns of SRs show no particular preference for animacy (Wu et al., 2012; Hsiao and MacDonald, 2013).

6 Filler items consisted of 10 reason-, manner-, time-, place, or instrument-adjunct RCs (i.e., without gaps), 13 sentences without RCs, and 13 simple sentences with different uses of the adnominal DE (adjective-marking: 4, genitive-marking: 5, noun-complement-marking: 4).

7 Note that if we count in the “Grammatical but Unexpected” utterances, the accuracy rate of the English group would be 81.3%.

8 For linguistic and functional accounts for the RC-DCL order being more complex than the DCL-RC order, see Ming and Chen (2010) and Zhang (2015), respectively. According to Zhang (2015), the DCL-first configuration is the underlying representation, from which the DCL-second configuration is derived. Zhang (2015)’s argument is supported by the corpus study by Ming and Chen (2010), which shows that the DCL-first configuration occurs more frequently than the DCL-second configuration. According to Ming (2010) and Chen et al. (2015), the DCL-first configuration is used with entities with high discourse saliency and serves the function of characterization, whereas DCL-second configuration mainly appears with entities of low saliency and serves the function of identification.


REFERENCES

Aoun, J., and Li, A. (2003). Essays on the Representational and the Derivational Nature of Grammar: The Diversity of Wh-constructions. Cambridge, MA: MIT Press. doi: 10.7551/mitpress/2832.001.0001

Arnold, J., Wasow, T., Losongco, A., and Ginstrom, R. (2000). Heaviness vs. newness: the effects of structural complexity and discourse status on constituent ordering. Language 76, 28–55. doi: 10.2307/417392

Barr, D. J., Levy, R., Scheepers, C., and Tily, H. J. (2013). Random effects structure for confirmatory hypothesis testing: keep it maximal. J. Mem. Lang. 68, 255–278. doi: 10.1016/j.jml.2012.11.001

Bates, D., Maechler, M., Bolker, B., and Walker, S. (2015). Fitting linear mixed-effects models using lme4. J. Stat. Softw. 67, 1–48. doi: 10.18637/jss.v067.i01

Bates, E., and MacWhinney, B. (1981). “Second language acquisition from a functionalist perspective: pragmatic, semantic and perceptual strategies,” in Annals of the New York Academy of Sciences Conference on Native and Foreign Language Acquisition, ed. H. Whinitz (New York: New York Academy of Sciences), 173–218. doi: 10.1111/j.1749-6632.1981.tb42009.x

Chao, Y. R. (1968). A grammar of Spoken Chinese. Berkeley, CA: University of California Press.

Chen, L., Ming, T., and Jiang, X. (2015). The relevance of the principle of relevance for word order variation in complex referring expressions in Mandarin Chinese. Lodz Pap. Pragmat. 11, 77–104. doi: 10.1515/lpp-2015-0005

Cheng, L.-S., and Sybesma, R. (1999). Bare and not-so-bare nouns and the structure of NP. Ling. Inq. 30, 509–542. doi: 10.1162/002438999554192

Cheng, L.-S., and Sybesma, R. (2012). Classifiers and DP. Ling. Inq. 43, 634–650. doi: 10.1162/ling_a_00109

Clark, H. H., and Wasow, T. (1998). Repeating words in spontaneous speech. Cogn. Psychol. 37, 201–242. doi: 10.1006/cogp.1998.0693

Croft, W. (1994). Semantic universals in classifier systems. Word 45, 145–171. doi: 10.1080/00437956.1994.11435922

Cui, J. (2014). Demonstrative complexity and its relations to referential meaning and syntactic function: evidence from Chinese, Korean and Japanese. Chinese Lang. Learn. 3, 3–13.

De Groot, A. M., and Keijzer, R. (2000). What is hard to learn is easy to forget: the roles of word concreteness, cognate status, and word frequency in foreign-language vocabulary learning and forgetting. Lang. Learn. 50, 1–56. doi: 10.1111/0023-8333.00110

Del Gobbo, F. (2003). Appositives at the Interface. Dissertation. Irvine, CA: University of California.

Del Gobbo, F. (2010). On Chinese appositive relative clauses. J. East Asian Ling. 19, 386–417. doi: 10.1007/s10831-010-9065-9

Dennison, H. Y. (2008). Universal versus language-specific conceptual effects on shifted word-order production in Korean: evidence from bilinguals. Work. Pap. Ling. 39, 1–16.

Dryer, M. S. (2011). “Relationship between the order of object and verb and the order of relative clause and noun,” in The Word Atlas of Language Structures Online, eds M. S. Dryer and M. Haspelmath (Leipzig: Max Planck Institute for Evolutionary Anthropology).

Dussias, P. E. (2003). Syntactic ambiguity resolution in L2 learners: some effects of bilinguality on L1 and L2 processing strategies. Stud. Sec. Lang. Acquisit. 25, 529–557. doi: 10.1017/s0272263103000238

Dussias, P. E., and Sagarra, N. (2007). The effect of exposure on syntactic parsing in Spanish-English bilinguals. Bilingual. Lang. Cogn. 10, 101–116. doi: 10.1017/s1366728906002847

Ferreira, V. (1996). Is it better to give than to donate? Syntactic flexibility in language production. J. Mem. Lang. 35, 724–775. doi: 10.1006/jmla.1996.0038

Ferreira, V., and Yoshita, H. (2003). Given-new ordering effects on the production of scrambled sentences in Japanese. J. Psycholing. Res. 32, 669–692. doi: 10.1023/a:1026146332132

Gao, M. Y., and Malt, B. C. (2009). Mental representation and cognitive consequences of Chinese individual classifiers. Lang. Cogn. Process. 24, 1124–1179. doi: 10.1080/01690960802018323

Gil, D. (2013). “Numeral classifiers,” in The World Atlas of Language Structures Online, eds M. S. Dryer and M. Haspelmath (Leipzig: Max Planck Institute for Evolutionary Anthropology).

Granger, S., and Tyson, S. (1996). Connector usage in the English essay writing of native and non-native EFL speakers of English. World Eng. 15, 17–27. doi: 10.1111/j.1467-971x.1996.tb00089.x

Greenberg, J. H. (1963). “Some universals of grammar with particular reference to the order of meaningful elements,” in Universals of Human Language, ed. J. H. Greenberg (Cambridge, MA: MIT Press), 73–113.

Greenberg, J. H. (1972). Numeral classifiers and substantival number: problems in the genesis of a linguistic type. Work. Pap. Lang. Univ. 9, 1–39.

Hansen, L., and Chen, Y. (2001). What counts in the acquisition and attrition of numeral classifiers? JALT J. 23, 83–100.

Hawkins, J. A. (1994). A Performance Theory of Order and Constituency. Cambridge: Cambridge University Press. doi: 10.1017/CBO9780511554285

Hawkins, J. A. (2004). Efficiency and Complexity in Grammars. Oxford: Oxford University Press. doi: 10.1093/acprof:oso/9780199252695.001.0001

Heilenman, L. K., and McDonald, J. L. (1993). Processing strategies in L2 learners of French: the role of transfer. Lang. Learn. 43, 507–557. doi: 10.1111/j.1467-1770.1993.tb00626.x

Hopp, H. (2017). Cross-linguistic lexical and syntactic co-activation in L2 sentence processing. Ling. Approach. Bilingual. 7, 96–130. doi: 10.1075/lab.14027.hop

Hopp, H., and Güter, T. (2021). The time-course of competition from the L1 grammar in L2 sentence processing: evidence from cross-linguistic structural priming. Sec. Lang. Res. 1–27. doi: 10.1177/02676583211009586

Hsiao, Y., and MacDonald, M. C. (2013). Experience and generalization in a connectionist model of Mandarin Chinese relative clause processing. Front. Psychol. 4:767. doi: 10.3389/fpsyg.2013.00767

Hsu, C., Tsai, S., Yang, C., and Chen, J. (2014). Processing classifier–noun agreement in a long distance: an ERP study on Mandarin Chinese. Brain Lang. 137, 14–28. doi: 10.1016/j.bandl.2014.07.002

Hsu, C. N., Hurewitz, F., and Phillips, C. (2006). “Contextual and syntactic cues for head-final relative clauses in Chinese,” Paper presented in the 19th Annual CUNY Conference on Human Sentence Processing, New York City, NY.

Huang. (1982). Logical Relations in Chinese and the Theory of Grammar. PhD. dissertation. Cambridge, MA: MIT.

Huang, C. J., Li, Y. A., and Li, Y. (2009). The Syntax of Chinese. Cambridge: Cambridge University Press. doi: 10.1017/CBO9781139166935

Hwang, H., and Kaiser, E. (2015). Accessibility effects on production vary cross-linguistically: evidence from English and Korean. J. Mem. Lang. 84, 190–204. doi: 10.1016/j.jml.2015.06.004

Ionin, T., Ko, H., and Wexler, K. (2004). Article semantics in L2 acquisition: the role of specificity. Lang. Acquisit. 12, 3–69. doi: 10.1017/S030500091500080X

Jarvis, S. (2009). “Lexical transfer,” in The Bilingual Mental Lexicon: Interdisciplinary Approaches, ed. A. Pavlenko (Clevedon: Multilingual Matters), 99–124. doi: 10.21832/9781847691262-007

Jiang, N. (2002). Form-meaning mapping in vocabulary acquisition in a second language. Stud. Sec. Lang. Acquisit. 24, 617–637. doi: 10.1080/02699931.2017.1362374

Jin, H. (1994). Topic-prominence and subject-prominence in L2 acquisition: evidence of English-to-Chinese typological transfer. Lang. Learn. 44, 101–122.

Keenan, E. L., and Comrie, B. (1977). Noun phrase accessibility and universal grammar. Ling. Inq. 8, 63–99.

Kilborn, K., and Ito, T. (1989). “Sentence processing strategies in adult bilinguals,” in Cross-Linguistic Studies of Language Processing, eds B. MacWhinney and E. Bates (New York, NY: Cambridge University Press), 257–291.

Kim, M. J. (2014). “On the position of adnominal adjectival expressions in Korean,” in Language and Linguistics Monograph Series 54: Peaches and Plums, eds C.-T. J. Huang and F.-H. Liu (Taipei: Academia Sinica), 75–99.

Li, C., and Thompson, S. (1984). Mandarin Chinese: A Functional Reference to Chinese Grammar. Berkeley, CA: University of California Press.

Li, J. (2013). The distribution of classifiers in Chinese relative clauses: a second language perspective. Mod. For. Lang. 36, 166–173.

Li, X. (2013). Numeral Classifiers in Chinese. Amsterdam: John Benjamins. doi: 10.1515/9783110289336

Lin, J. W. (2003). On restrictive and non-restrictive relative clauses in Mandarin Chinese. Tsing Hua J. Chinese Stud. 33, 199–240. doi: 10.32473/sal.v27i2.107383

Linck, J. A., Osthus, P., Koeth, J. T., and Bunting, M. F. (2013). Working memory and second language comprehension and production: a meta-analysis. Psychon. Bull. Rev. 21, 861–883. doi: 10.3758/s13423-013-0565-2

Liu, H., Bates, E., and Li, P. (1992). Sentence interpretation in bilingual speakers of English and Chinese. Appl. Psycholing. 13, 451–484. doi: 10.1017/s0142716400005762

Löbel, E. (2000). Classifiers and semi-lexicality: functional and semantic selection. in Theorie des Lexikons, N. Corverand, H. van Riemsdijk (eds.),. Erschienen. 31–82.

Lyons, J. (1977). Semantics, Vol. 2. Cambridge: Cambridge University Press.

Lyu, J., and Wu, F. (2017). Shilun zhiliangci zai hanyu guanxicongju zhong buduicheng xing de kexide xing: laizi eryu yuliaoku ji chanchu shiyan de zhengju [On the learnability of asymmetrical distribution of demonstrative-classifiers in Chinese relative clauses: evidence from L2 corpus and sentence production studies]. J. PLA Univ. For. Lang. 40, 62–70.

MacDonald, J. L. (1987a). Assigning linguistic roles: the influence of conflicting cues. J. Mem. Lang. 26, 100–117. doi: 10.1016/0749-596x(87)90065-9

MacDonald, J. L. (1987b). Sentence interpretation in bilingual speakers of English and Dutch. Appl. Psycholing. 8, 379–414. doi: 10.1017/s0142716400000382

MacWhinney, B. (2005). “A unified model of language acquisition,” in Handbook of Bilingualism: Psycholinguistic Approaches, eds J. F. Kroll and A. M. B. DeGroot (Oxford, UK: Oxford University Press), 49–67.

MacWhinney, B., Bates, E., and Kliegl, R. (1984). Cue validity and sentence interpretation in English, German and Italian. J. Verb. Learn. Verb. Behav. 23, 127–150. doi: 10.1016/0093-934x(87)90116-7

Miao, X., Chen, G., and Ying, H. (1986). “Sentence comprehension in Chinese,” in Studies in Child Language Development, ed. Z. M. Shu (Shanghai: East China University Press).

Ming, T. (2010). “The relative position of demonstratives and relative clauses in Mandarin Chinese,” in Proceedings of the 22nd North American Conference on Chinese Linguistics (NACCL-22) & the 18th International Conference on Chinese Linguistics (IACL-18), eds L. E. Clemens and C. L. Liu (Cambridge, MA), 323–340. doi: 10.1016/j.bandl.2007.09.005

Ming, T., and Chen, L. (2010). A discourse-pragmatic study of the word order variation in Chinese relative clauses. J. Pragmat. 42, 168–189. doi: 10.1016/j.pragma.2009.05.023

Pienemann, M. (1998). Language Processing and Second Language Development. Amsterdam: John Benjamins. doi: 10.1075/sibil.15

Poulisse, N. (1999). Slips of the Tongue: Speech Errors in First and Second Language Production (Vol. 20). Amsterdam: John Benjamins Publishing. doi: 10.1075/sibil.20

Qian, Z., and Garnsey, S. (2016). “An ERP study of the processing of Mandarin classifiers,” in Integrating Chinese Linguistic Research and Language Teaching and Learning, ed. H. Tao (Amsterdam: John Benjamins), 59–80. doi: 10.1075/scld.7.04qia

Sasaki, Y. (1991). English and Japanese interlanguage comprehension strategies. Appl. Psycholing. 12, 47–73. doi: 10.1017/s0142716400009371

Sasaki, Y. (1994). Paths of processing strategy transfers in learning Japanese and English as foreign languages: a competition model approach. Stud. Sec. Lang. Acquisit. 16, 329–350. doi: 10.1017/S0272263100012584

Sheng, W. (2010). Hanriyu guanxicongju yu zhishici yuxu de leixingxue chayi [Typological differences in linearizing demonstratives and relative clauses between Chinese and Japanese]. Riyu xuexi yu yanjiu 147, 86–91.

Sheng, Y., and Wu, F. (2013). Zhiliangjiegou zai hanyu guanxicongju zhong de buduicheng fenbu jiqi yuanyin [Demonstrative-classifier positioning in Chinese relative clauses and its underlying reasons: A spoken corpus study]. Xiandai waiyu [Mod. For. Lang.] 36, 150–157.

Slevc, L. (2011). Saying what’s on your mind: working memory effects on sentence production. J. Exp. Psychol. Learn. Mem. Cogn. 37, 1503–1514. doi: 10.1037/a0024350

Stallings, L., MacDonald, M., and O’Seaghdha, G. (1998). Phrasal ordering constraints in sentence production: phrase length and verb disposition in heavy-NP shift. J. Mem. Lang. 393, 392–417. doi: 10.1006/jmla.1998.2586

Su, I.-R. (2001). Context effects on sentence processing: a study based on the competition model. Appl. Psycholing. 22, 167–189. doi: 10.1017/s0142716401002028

Tang, Z. (2007). Guanxihua duixiang yu guanxicongju de weizhi: jiyu zhenshi yuliao he leixing fenxi [Correlations between demonstrative constituents and the positions of relative clauses in spontaneous conversation: a typological perspective]. Dangdai Yuyanxue [Contemp. Ling.] 9, 139–150.

Tolentino, L. C., and Tokowicz, N. (2011). Across languages, space, and time: A review of the role of cross-language similarity in L2 (morpho) syntactic processing as revealed by fMRI and ERP methods. Stud. Sec. Lang. Acquisit. 33, 91–125. doi: 10.1017/S0272263110000549

Tuninetti, A., Warren, T., and Tokowicz, N. (2015). Cue strength in second language processing: an eye-tracking study. Q. J. Exp. Psychol. 68, 568–854. doi: 10.1080/17470218.2014.961934

Wakabayashi, S. (2002). The acquisition of non-null subjects in English: a minimalist account. Sec. Lang. Res. 18, 28–71. doi: 10.1191/0267658302sr197oa

Wang, F., and Wu, F. (2020). Postnominal relative clauses in Chinese. Linguistics 58, 1501–1542. doi: 10.1515/ling-2020-0226

Wasow, T. (1997). End-weight from the speaker’s perspective. J. Psycholing. Res. 20, 347–361. doi: 10.1023/A:1025080709112

White, L. (1985). The pro-drop parameter in adult second language acquisition. Lang. Learn. 35, 47–62. doi: 10.1111/j.1467-1770.1985.tb01014.x

Williams, J. N. (1988). Constraints upon semantic activation during sentence comprehension. Lang. Cogn. Process. 3, 165–206. doi: 10.1080/01690968808402087

Wu, F. (2009). Factors Affecting Relative Clause Processing in Mandarin. Ph.D. dissertation. Los Angeles, CA: University of Southern California.

Wu, F., Kaiser, E., and Andersen, E. (2012). Animacy effects in Chinese relative clause processing. Lang. Cogn. Process. 27, 1489–1524. doi: 10.1080/01690965.2011.614423

Wu, F., Kaiser, E., and Vasishth, S. (2018). Effects of early cues on the processing of Chinese relative clauses: evidence for experience-based theories. Cogn. Sci. 42, 1101–1133. doi: 10.1111/cogs.12551

Wu, F., and Lyu, J. (2016). Hanyu guanxicongju yu zhiliangci de weixu: eryu chanchu shijiao [Ordering of Chinese relative clauses and determiner phrase: A second language perspective]. Hanyu xuexi [Chinese Lang. Learn.] 4, 84–94.

Wu, F., and Sheng, Y. (2014). Demonstrative-classifier positioning in Chinese relative clauses and its implication to language production models. Wai Guo Yu [For. Lang.] 37, 49–58.

Wu, Y., and Bodomo, A. (2009). Classifiers ≠ determiners. Ling. Inq. 40, 487–503. doi: 10.1162/ling.2009.40.3.487

Xu, Y. (2009). The Syntax, Processing and Second Language Acquisition of Chinese Relative Clauses. Ph.D. dissertation. Arizona: University of Arizona.

Xu, Y. (2013). CFL learners’ production of relative clauses with demonstratives: from theory to empirical research. Chinese Sec. Lang. Res. 2, 169–192. doi: 10.1515/caslar-2013-0029

Yamashita, H., and Chang, F. (2001). “Long before short” preference in the production of a head-final language. Cognition 81, B45–B55. doi: 10.1016/s0010-0277(01)00121-4

Yuan, B., and Zhao, Y. (2005). Resumptive pronouns in English-Chinese and Arabic-Chinese interlanguages. Int. Rev. Appl. Ling. Lang. Teach. 43, 219–237. doi: 10.1515/iral.2005.43.3.219

Yue-Hashimoto, A. O. (1971). Mandarin Syntactic Structures, Union 8. Princeton, NJ: Princeton University.

Zhang, N. N. (2006). Representing specificity by the internal order of indefinites. Linguistics 44, 1–21. doi: 10.1515/ling.2006.001

Zhang, N. N. (2015). Nominal-internal phrasal movement in Mandarin Chinese. Ling. Rev. 32, 375?–425. doi: 10.1515/tlr-2014-0026

Zhou, X., Jiang, X., Ye, Z., Zhang, Y., Lou, K., and Zhan, W. (2010). Semantic integration processes at different levels of syntactic hierarchy during sentence comprehension: an ERP study. Neuropsychologia 48, 1551–1562. doi: 10.1016/j.neuropsychologia.2010.02.001

Zufferey, S., Mak, W., Degand, L., and Sanders, T. (2015). Advanced learners’ comprehension of discourse connectives: the role of L1 transfer across on-line and off-line tasks. Sec. Lang. Res. 31, 389–411. doi: 10.1177/0267658315573349


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.

Copyright © 2021 Wu, Lyu and Sheng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.











	 
	ORIGINAL RESEARCH
published: 17 December 2021
doi: 10.3389/fpsyg.2021.782016





[image: image]

Investigating Heritage Language Processing: Meaning Composition in Chinese Classifier-Noun Phrasal Contexts

Fei Li1, Xiangfei Hong2*, Zhaoying He1, Sixuan Wu1 and Chenyi Zhang1

1School of Foreign Languages, Shanghai Jiao Tong University, Shanghai, China

2Shanghai Mental Health Center, Shanghai Jiao Tong University School of Medicine, Shanghai, China

Edited by:
Linjun Zhang, Peking University, China

Reviewed by:
Jie Xi, Key Laboratory of Behavioral Science, Institute of Psychology, Chinese Academy of Sciences (CAS), China
Han Wu, Beijing Language and Culture University, China

*Correspondence: Xiangfei Hong, hongxiangfei@gmail.com

Specialty section: This article was submitted to Language Sciences, a section of the journal Frontiers in Psychology

Received: 23 September 2021
Accepted: 22 November 2021
Published: 17 December 2021

Citation: Li F, Hong X, He Z, Wu S and Zhang C (2021) Investigating Heritage Language Processing: Meaning Composition in Chinese Classifier-Noun Phrasal Contexts. Front. Psychol. 12:782016. doi: 10.3389/fpsyg.2021.782016

The aim of the present study was to investigate how Chinese-Malay bilingual speakers with Chinese as heritage language process semantic congruency effects in Chinese and how their brain activities compare to those of monolingual Chinese speakers using electroencephalography (EEG) recordings. To this end, semantic congruencies were manipulated in Chinese classifier-noun phrases, resulting in four conditions: (i) a strongly constraining/high-cloze, plausible (SP) condition, (ii) a weakly constraining/low-cloze, plausible (WP) condition, (iii) a strongly constraining/implausible (SI) condition, and (iv) a weakly constraining/implausible (WI) condition. The analysis of EEG data focused on two event-related potential components, i.e., the N400, which is known for its sensitivity to semantic fit of a target word to its context, and a post-N400 late positive complex (LPC), which is linked to semantic integration after prediction violations and retrospective, evaluative processes. We found similar N400/LPC effects in response to the manipulations of semantic congruency in the mono- and bilingual groups, with a gradient N400 pattern (WI/SI > WP > SP), a larger frontal LPC in response to WP compared to SP, SI, and WI, as well as larger centro-parietal LPCs in response to WP compared to SI and WI, and a larger centro-parietal LPC for SP compared to SI. These results suggest that, in terms of event-related potential (ERP) data, Chinese-Malay early bilingual speakers predict and integrate upcoming semantic information in Chinese classifier-noun phrase to the same extent as monolingual Chinese speakers. However, the global field power (GFP) data showed significant differences between SP and WP in the N400 and LPC time windows in bilinguals, whereas no such effects were observed in monolinguals. This finding was interpreted as showing that bilinguals differ from their monolingual peers in terms of global field power intensity of the brain by processing plausible classifier-noun pairs with different congruency effects.

Keywords: lexical-semantic processing, chinese as a heritage language, ERP, N400, LPC


HIGHLIGHTS


-The manipulation of semantic congruency elicited similar N400/LPC patterns between bilinguals and monolinguals.

-ERP data indicates Chinese-Malay early bilingual speakers predict and integrate semantic information to the same extent as monolingual Chinese speakers.

-GFP data showed significant differences between SP and WP in the N400/LPC time windows in bilinguals, whereas no such effects were observed in monolinguals.





INTRODUCTION

Over several decades, the fact that two or more languages can coexist in one mind has sparked the interest of many researchers. However, there is still no agreed-upon answer to the central question: How distinguishable are the neural representations of the first language (L1) in native speakers from those in bilingual speakers, i.e., people who masters, understands, and speaks more than one dialect or language (Fabbro, 1999). Studies using brain imaging techniques (see Cargnelutti et al., 2019; Połczyńska and Bookheimer, 2020, 2021, for reviews) have demonstrated that a number of key variables affect the degree of neural representation overlap between languages, including the age of acquisition, proficiency level, the amount of language exposure, the way of language learning (implicit versus explicit), and the linguistic distance between languages (typological similarity). More similar neural representations should be observed, when languages share more identical acquisition and linguistic variables, that is, they were acquired early in life (i.e., before the critical period, see DeKeyser, 2013, for recent discussions), learned informally, and when they are spoken with a high degree of proficiency (Newman et al., 2012). The primary goal of the present study was to examine how similar the neural response pattern elicited by Chinese classifier-noun phrases in highly proficient bilingual speakers compared with that in Chinese monolingual speakers.

The bilinguals in this study were Chinese-Malay bilinguals in Malaysia who were heritage speakers of Chinese. Heritage speakers as a homogeneous population is difficult to define because each heritage speaker has his or her complex language experience that is affected by language exposure, speaker diversity, literacy, community support, motivation and so on, all of which interact to influence the development and end state of the individual’s heritage language. However, there are some commonalities among heritage speakers. They are often the children of immigrants whose parents have moved from a country of origin speaking one language to a different country speaking another; the children of immigrants acquire their heritage language (L1) naturalistically in the home environment, and also acquire a second language (L2) either simultaneously, or at a relatively later age, usually before the onset of adolescence (Van Deusen-Scholl, 2003; Montrul, 2016). Usually, the L2 becomes the dominant majority language and the L1 weakens. In this sense, almost all heritage speakers are facing the problems of “incomplete L1 acquisition” and “L1 attrition” (Polinsky, 2006; Montrul, 2008, 2016; Schmid and Köpke, 2009; Benmamoun et al., 2013; Scontras et al., 2015; Montrul and Silva-Corvalán, 2019; Gallo et al., 2021). Incomplete L1 acquisition means that the heritage speakers did not have an opportunity to reach age-appropriate mastery of the L1. However, it is not caused by a deficient ability to fully acquire the L1, but instead it is due to the fact that some specific properties of the heritage language remain absent from the heritage speakers’ language environment, either because their parents do not use them or because the heritage speakers do not have opportunities to use them (Montrul, 2008; Montrul and Silva-Corvalán, 2019). L1 attrition means deterioration or even loss of a linguistic property after fully attained, due to intensive L2 exposure and reduced L1 use (Montrul, 2008; Schmid and Köpke, 2009; Gallo et al., 2021). Young heritage speakers’ L1 knowledge is likely to reflect incomplete acquisition and language attrition “simultaneously or sequentially” (Montrul, 2008, p. 21). This process of language acquisition often results in unbalanced bilingualism, with the greatest proficiency being in the L2, at the expense of the heritage L1(Montrul, 2016).

The imbalance in the bilingual language system has sparked much of the research interest in a deeper understanding of the human language processing. Many past studies have revealed widespread differences in the phonetics/phonology, morphology, syntax, and lexical-semantic areas in which bilingual speakers have deficiencies when compared to monolingual speakers, particularly those who are captured in offline and productive language tasks (e.g., Montrul, 2006, 2016; Benmamoun et al., 2013; Flores and Barbosa, 2014; Casillas and Simonet, 2016). However, studies using online measures, such as event-related potentials (ERPs, Weber-Fox and Neville, 1996; Braunstein et al., 2012; Kasparian and Steinhauer, 2016), have uncovered greater similarity between monolingual and bilingual lexico-semantic processing than previously assumed, especially when bilinguals have a high level of target language proficiency. These similarities raise the question of whether bilingual language acquisition is truly “deficit,” or whether the observed differences in offline measures are a manifestation of some other non-linguistic factors such as tolerance for expression diversity, self-confidence in their bilingual abilities, or decision-making, at least in highly proficient heritage speakers.


Chinese Heritage Speakers in Malaysia

Chinese-Malay heritage speakers is one population of bilinguals that very few researchers in psycholinguistics have addressed. They are generally second- or third-generation immigrants who grow up in Chinese Malaysian households. Chinese Malaysians (often described as “Malaysian Chinese”) accounts for around 28% of 30.9 million national population and is the second-largest linguistic group in Malaysia (Tan C.-B, 1997; Vollmann and Soon, 2018). The majority of the Chinese immigrants to Malaysia were from south provinces in China such as Fujian, Guangdong, and Jiangxi. Thus, Chinese Malaysians generally have multiple identities: the identity of a specific Chinese dialect group (e.g., Foochow, Hokkien, and Cantonese), the unique racial and cultural identity of the overseas Chinese, and the national identity of Malaysian (Tan M. G, 1997). However, they use Mandarin (locally called huá yǔ) as the common Chinese language, and in Chinese education in Malaysia, the medium of instruction is Mandarin rather than a speech-group dialect (Tan C.-B, 1997; Wang, 2009). In daily life, Chinese Malaysians communicate in various Chinese dialects, Mandarin, Malaysian English and, if necessary, Malay or Bahasa Pasar (a common language composed mainly of Malay with some Chinese dialects, English and Tamil components). In Malaysia, there are different Chinese speech-groups and regional Chinese identities. The main contrast is between the least localized Chinese and the Baba (a Malay-speaking group of Chinese in Malaysia), although, in fact, the localization of different subgroups of Chinese Malaysians differs only in a matter of degree (Tan C.-B, 1997; Vollmann and Soon, 2018). As pointed out by Phooi-Yan Lee and Ting (2016), language and education influence the perception of Chinese identities in Malaysia. Heritage speakers who went to a Chinese-medium school often shows a stronger Chinese identity, the tendency to use Chinese, and better Chinese proficiency and literacy. In our research, we have a group of heritage speakers with more Chinese identity: They went to a Chinese primary school in Malaysia where education takes place in Chinese and English, with Malay as L2; after that, they attended either a public high school (Chinese-medium) finishing with the national high school certificate, or a private Chinese high school (Chinese- or English-medium, for more details about the schooling system in Malaysia, see Wang, 2016). During the experiment, all of them have attended a university in mainland China for at least 1 year. In these situations, the experiences of the heritage speakers in our study may bring them closer to “complete,” native level to Chinese, compared to other “incomplete,” unbalanced heritage bilinguals such as Spanish heritage speakers in assimilationist communities in America (Montrul, 2006, 2008).



The N400 and the Late Positive Complex

Most ERP studies of language have focused on the N400, a centroparietal negativity peaking around 400 ms after the stimulus onset, which has proven to be a reliable and consistent measure for the processing of meaning (Kutas and Hillyard, 1980; Kutas and Federmeier, 2011; Federmeier, 2021). The amplitude of the N400 varies as a function of contextual constraint and cloze probability (refers to the probability of a sample of participants to use a specific word to complete a sentence from which a necessary sentence completion is omitted, such as “I drink my coffee with sugar and —”), showing a reduced amplitude when the target word and contextual information are consistent, and an increased amplitude when the linguistic features of the target stimulus do not fit the context (Kutas and Hillyard, 1980, 1984; Van Berkum et al., 1999, 2003; Federmeier et al., 2007). The classic N400 effect is considered to reflect contextually facilitated lexical access to long-term semantic memory, as well as reduced difficulty in integrating new information with prior context (Hagoort, 2003; Lau et al., 2008; Brouwer et al., 2012; Molinaro et al., 2012; DeLong et al., 2014; Brothers et al., 2015; Li et al., 2021).

With regard to ERPs following the N400 time window, many studies report a Late Positive Complex (LPC), a positive deflection beginning around 500 ms after stimulus onset, typically with a frontocentral maximum after unexpected but plausible target words in a constraining sentence context (Federmeier et al., 2007; Urbach and Kutas, 2010; Delong et al., 2011; Thornhill and Van Petten, 2012), or with a centroparietal maximum after a deeply implausible stimulus (Kolk et al., 2003; Kim and Osterhout, 2005; Van Herten et al., 2006; Kuperberg, 2007; Bornkessel-Schlesewsky and Schlesewsky, 2008; Van De Meerendonk et al., 2010).

In few research with phrase structures, researchers found late LPC effects, with a frontal distribution by “unnatural” but plausible combinations (e.g., a lovely monster, Molinaro et al., 2012; Li et al., 2021), or with a posterior distribution by anomalous combinations (e.g., the wooden dove, Schumacher, 2013). Others studies focusing on syntactic have also found a frontocentral P600 effect, as an index of ambiguity resolution and/or syntactic complexity, or a centroparietal P600 effect, as an index of syntactic violations or syntactic processing difficulties (Friederici et al., 2002; Kaan and Swaab, 2003).

The functional nature of the LPC is still unclear. It has been hypothesized that the more frontally distributed LPC reflects the successful updating of the comprehender’s current mental model with new unexpected but plausible/possible input, which entailed the inhibition of incorrectly selected lexical items (Kutas, 1993; Federmeier et al., 2007; Thornhill and Van Petten, 2012; Van Petten and Luka, 2012; Wlotko and Federmeier, 2012; DeLong et al., 2014; Kuperberg and Wlotko, 2018; Ness and Meltzer-Asscher, 2018). The more posteriorly distributed LPC, by contrast, reflects the failure to update new unexpected and deeply implausible/impossible input into the comprehender’s existing mental model, which is frequently interpreted as signaling reanalysis of previous mental representation in attempts to revise or repair the current model (Kim and Osterhout, 2005; Van De Meerendonk et al., 2010; Kuperberg and Wlotko, 2018; Leckey and Federmeier, 2020). In the framework of the investigation about the “semantic illusion” phenomenon, the interpretation of the LPC can be further refined with respect to functionally dissociable processes linked to the biphasic N400/LPC effect: an earlier immediate congruency effect responsive to the semantic match between the target word and its preceding context, reflected by the N400, and later more controlled and attention-driven processes which may contribute to updating, revising/reanalyzing and reorganizing information in a mental representation, reflected by the LPC (Brouwer et al., 2012; Kuperberg and Wlotko, 2018; Rabovsky et al., 2018).



The N400 and the Late Positive Complex in Bilingual Research

As compared to monolinguals, prior research has found reduced amplitude and/or delayed peak latency of the N400 to semantic anomalies in late bilinguals (Ardal et al., 1990; Weber-Fox and Neville, 1996; Hahne, 2001; Friederici et al., 2002; Hahne and Friederici, 2002) but not in early bilinguals (Weber-Fox and Neville, 1996) or proficient late bilinguals (Braunstein et al., 2012). Furthermore, some studies have found a different N400 pattern between mono- and bilingual groups not only to semantic anomalies but also to semantically correct target words, by showing correct stimuli elicited a larger negativity in the bilingual group than the monolingual group (Hahne, 2001; Hahne and Friederici, 2001; Newman et al., 2012). These effects were modulated by the age of L2 exposure and L2 proficiency (Weber-Fox and Neville, 1996; Kotz, 2001; Kotz and Elston-Güttler, 2004; Mueller, 2005; Liang and Chen, 2020), even in a separate way (Newman et al., 2012; Kasparian and Steinhauer, 2016). For instance, Newman et al. (2012) investigated the influence of L2 proficiency on N400 effects elicited by lexical semantic anomalies in English sentences. In this study, the researchers found that N400 amplitudes to semantically plausible target words were larger for subjects with lower English proficiency, in both monolingual English speakers and late learners with Spanish as L1, suggesting an independent influence of language proficiency on N400 amplitudes. Researchers pointed differences between mono- and bilingual processing to slowed, less automatized access to lexical information and a reduced speed of semantic analysis/integration in bilinguals (Ardal et al., 1990; Weber-Fox and Neville, 1996; Moreno and Kutas, 2005; Mueller, 2005), or/and to less certain vocabulary knowledge and use in the target language due to a weaker word-conceptual link (Kotz, 2001;Hahne and Friederici, 2002; Kotz and Elston-Güttler, 2004; van Heuven and Dijkstra, 2010).

Although only few studies have investigated the LPC in a bilingual population, controversial findings have been reported (Martin et al., 2013; Foucart et al., 2014; Kasparian and Steinhauer, 2016; Zheng and Lemhöfer, 2019). Kasparian and Steinhauer (2016) found an enhanced late posterior positivity (labeled as P600 in Kasparian and Steinhauer’s article; see Van Petten and Luka, 2012; Kuperberg and Wlotko, 2018; Leckey and Federmeier, 2020, for discussions about the relationship between LPC and P600) to lexical-semantic violations in L1 Italian attriters (note that all heritage speakers are, in a broad sense, L1 attriters, see Gallo et al., 2021, for detailed discussions), compared to adult Italian L2 learners and to Italian monolingual speakers, regardless of language proficiency. The researchers attributed that effect to increased conflict-monitoring and second thought processes specifically in attriters. In line with the results of Kasparian and Steinhauer (2016), Zheng and Lemhöfer (2019) argued that early L2 learners show the same posterior LPC effects as the native speakers do, but only when L2 learners find the conflict in syntactically correct but semantically implausible sentences. If they could not detect the conflict, the LPC effect in response to semantic implausibility would be largely attenuated in L2 learners. With regard to the frontal LPC, some studies suggest that bilingual speakers do not anticipate to the same extent as monolingual speakers, reflected by a reduced LPC (Martin et al., 2013), whereas others found that bilinguals are able to anticipate incoming words in a similar manner as their monolingual peers (Foucart et al., 2014). Kaan (2014) reviewed previous ERP studies on this topic and proposed that mono- and bilingual speakers do not differ in the nature of the predictive mechanisms, but in factors that drive these mechanisms. Differences between the groups could be attributed to a variety of changeable factors, such as the frequency information stored, accuracy and consistency of lexical representations, and interlingual competition; those who are more exposed to the target language and have greater proficiency in that language are likely to have more firmly anchored target language information in memory, more easily lexical access, and more enhanced ability in monitoring different languages at the same time. Indeed, some very current ERP studies have shown that predictive abilities in bilingual speakers are not unchanged, but increase with increasing language experience and language use, especially, when the control ability of bilinguals is strong (Zirnstein et al., 2018), or when a bilingual’s languages are typologically similar (Foucart et al., 2014).



Chinese Classifier-Noun Phrase as the Representative of Language Processing

The current study examined whether language processing engenders similar neural responses in Chinese monolingual speakers and fluent Chinese-Malay bilingual speakers. We selected the Chinese classifier-noun phrase as the representative of language processing for two reasons. Firstly, a classifier-noun phrase can be used to investigate semantic congruency effects in a minimal phrase structure context. In Chinese, classifiers denote some salient perceived or imputed characteristics of the entity to which their pairing nouns refer, such as humanness, animacy, shape/form, size, function or idiosyncratic (Erbaugh, 1986; Lakoff, 1986; Aikhenvald, 2006; Bi, 2017; Kemmerer, 2017). They coerce the interpretation of the noun they classify by eliminating other possible interpretations and combine with the noun to create a meaning toward an individual, a kind, or an event reading (Pustejovsky, 1991; Huang and Ahrens, 2003). For example, the classifier běn can classify bound print matter such as book, and refers to a book as individuum. This type of semantic coercion can be used to investigate congruency effects between classifiers and nouns. In particular, there are semantically relatively defined and restricted classifiers, such as the classifier zhǎn associated with lamps. At the same time, there are classifiers (e.g., kē) which can denote a range of objects (e.g., kē can denote small objects like beans, hearts, pearls, teeth, diamonds, etc., as well as objects appearing to be small, such as stars and planets). This allowed us to investigate whether upon seeing a classifier, comprehenders would use it as a linguistic marker and thus predict only nouns belonging to its membership, similar to an adjective as a predictable marker of its possible following nouns in adjective noun phrases (e.g., Molinaro et al., 2012).

Secondly and more importantly, classifiers are a good tool for investigating how structural features of languages affect attribute accessibility and object categorization. Chinese classifiers have different degrees of typicality of individual nouns (Zhang and Schmitt, 1998; Gao and Malt, 2009; Speed et al., 2021, but see Saalbach and Imai, 2007, for a different view). Typicality is an important property of a category, relating to graded goodness of example in a categorical hierarchy (Rips et al., 1973; Rosch and Mervis, 1975). Not every member of a category is regarded as a good example; on the contrary, members lie on a spectrum of categorical goodness. While some items were judged as typical examples or prototypes, other items were judged as atypical members. For instance, pearls are more often judged as typical members of the category restricted by the classifier kē than are salt grains, since kē is most typically paired with small but not extremely small objects. The typicality gradient is generally considered to reflect the internal membership structure of a concept, reflecting featural correlations between different items (McRae et al., 1999) or strong links between nodes in a hierarchical manner (Collins and Loftus, 1975). Using classifier noun phrases provides a meaningful insight into how people link features in semantic networks, and how they categorize the world through their language.



The Present Study

In the current study, we aimed to determine whether the findings of our previous ERP study (Li et al., 2021) on brain activity patterns in Chinese monolingual speakers in relation to the processing of Chinese classifier-noun phrases were present in Chinese-Malay bilingual speakers, as indexed by the N400 and the post-N400 LPC.

As in our previous study (Li et al., 2021), semantic congruencies between classifiers and nouns in Chinese classifier-noun pairs were manipulated, resulting in four conditions (see Figure 1A): (i) a strongly constraining/high-cloze, plausible (SP) condition, (ii) a weakly constraining/low-cloze, plausible (WP) condition, (iii) a strong constraining/implausible (SI) condition, and (iv) a weakly constraining/implausible (WI) condition. The predictions of the present study are straightforward. If bilinguals, having acquired Chinese since birth and having lived in an exclusively Chinese environment until adulthood, remain native-like in their Chinese lexical-semantic processing despite their intensively L2 use, we would expect to observe a native-like N400/LPC pattern in the bilingual group. More specifically, we expected a graded modulation of the N400 component for the four conditions, with SP elicits the smallest N400, SI and WI the largest N400, whereas WP elicits an N400 of intermediate amplitude. In contrast, bilinguals may not show native N400 responses, especially for the semantically fine-grained WP condition; this could point to weakening word-conceptual link that makes lexical access and semantic integration less efficient in the bilingual brain, reflecting a larger N400 in bilinguals compared to monolinguals in response to the WP condition (Kotz, 2001;Hahne and Friederici, 2002; Kotz and Elston-Güttler, 2004; van Heuven and Dijkstra, 2010). In addition, previous evidence shows that target words with the same low cloze probability do not differ in N400 activity, regardless of whether word meaning had already been pre-activated in a relatively high-constraint sentence context or not (Federmeier et al., 2007; Quante et al., 2018), at least when animacy violations are not present (Szewczyk and Schriefers, 2011; Kuperberg and Wlotko, 2018). This finding is considered as evidence that the N400 does not reflect the processing cost of prediction violations (see review by Van Petten and Luka, 2012). Consistent with prior work with sentence contexts (Federmeier et al., 2007; Quante et al., 2018) and unlike other studies with animacy violations (Szewczyk and Schriefers, 2011; Kuperberg and Wlotko, 2018), our previous study with monolinguals (Li et al., 2021) did not find any context effect for implausible nouns in classifier-noun phrases where contexts were either categorized as high constraint (the SI condition) or as low constraint (the WI condition). In the present study, we examined whether there are distinguished context effects associated with features provided by preceding classifiers between mono- and bilingual speakers. Finally, we also investigated whether the LPC component could be observed by semantic conflicts in bilinguals. Specifically, we had a specific hypothesis that predicted a more frontally distributed LPC for the unexpected but plausible WP condition, as shown in our previous study with Chinese monolinguals (Li et al., 2021), if bilinguals processed conflicts in classifier-noun phrases similarly to their monolingual peers.
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FIGURE 1. (A) The structure of the classifier-noun phrase in the form of “numeral + classifier + noun.” NP, noun phrase; CLP, classifier phrase; CL, classifier; N, noun. The classifier and the noun form a local phrase structure, and (B) example trial and timing of the experiment.





MATERIALS AND METHODS


Participants

Twenty-six Chinese-Malay bilinguals (7 females) with a mean average age of 21.2 years (SD: 1.72, range: 17–24 years) participated in this experiment. Their results were compared with the results of 32 monolingual speakers of Chinese (23 females) with a mean age of 22 years (SD: 2.68, range: 18–30 years) which have been reported in our previous ERP study (Li et al., 2021). No significant difference was present in age between bilinguals and monolingual (p > 0.05). All bilinguals reported that they used Chinese more than half of the time daily. Their mean length of stay in China was 28.8 months (SD = 16.7). Fifteen of the 26 bilingual participants had taken the second highest Chinese language proficiency test, HSK (hàn yǔ shuǐ píng kǎo shì) Level 5, before enrolling in the University. The HSK, designed by the Ministry of Education Agency hàn bàn (the Chinese name of the Chinese Language Council), is an international standardized test of Chinese language proficiency. It assesses non-native Chinese speakers’ abilities in using the Chinese language in their daily, academic and professional lives (Teng, 2017). Among the 15 heritage participants in our study who took the HSK, the mean HSK score was 267.5 (range: 211–288) of a total score of 300, indicating participants’ high level of Chinese proficiency. According to Zhang et al. (2020), the HSK yields the most consistent and reliable results with the largest effect size to examine a student’s Chinese proficiency level, compared to a self-report measure of years of instruction in Chinese, a reading comprehension test, and a Chinese character recognition test in their study. All participants were undergraduate or graduate students at a University in Shanghai, right-handed according to self-report, with no reading disabilities and with normal or correct-to-normal vision. Participants were paid 100 RMB for their participation. Signed informed consent was obtained from each participant before the experiment. The experimental protocol complied with the research ethics requirements of the Declaration of Helsinki and with the Research Ethics Committee within the School of Foreign Languages, Shanghai Jiao Tong University.



Material Construction

The materials and design employed were identical to that in Li et al. (2021) to allow for the closest comparison between the mono- and bilingual groups. The critical materials contained 72 classifiers which are commonly used noun classifiers in Mandarin Chinese and were selected from Chinese Proficiency Test Syllabus Levels 4–5 (Confucius Institute Headquarters, 2009) and Modern Chinese eight hundred words (Lü, 1999). Half of these classifiers were strongly constraining classifiers and the other half were weakly constraining. Every classifier appeared twice throughout the whole experiment, once it would be paired with a plausible noun and once with an implausible noun. The number of the characters per noun varied between one and two and was counterbalanced across conditions. The classifiers across the constraint conditions were matched for word frequency according to Dictionary of Modern Chinese Frequency (Language and Teaching Institute of Beijing Linguistic College, 1986), and the number of strokes. Details about the materials and norming procedures used to create the stimuli are described in Li et al. (2021), or can be found in the Supplementary Materials. The examples, characteristics of the four conditions are listed in Table 1.


TABLE 1. Example of the stimuli for each condition and their characteristics (means are shown with SD in parentheses).

[image: Table 1]


Procedure

Participants were seated approximately 100 cm from the computer screen in a sound-attenuating booth. E-prime 2.0 software (Psychology Software Tools, Pittsburgh, PA, United States) was used to implement the experimental paradigm. The EEG was continuously recorded when participants performed the experimental task. Each trial began with the presentation of a central fixation cross for 500 ms, followed by a blank screen presented randomly between 400 and 550 ms. First, “the numeral (one) + classifier” (e.g., yī zhǎn – one classifier) was presented centrally on the computer screen for 600 ms, followed by a random inter-stimulus interval between 400 and 550 ms. An irregular interstimulus interval was used in order to abolish alpha amplitude and phase consistency at target stimulus onset (cf. Hanslmayr et al., 2011). Then, the noun (e.g., dēng – lamp) was presented centrally for 600 ms, followed by an additional 500 ms blank screen before the start of next trial (see Figure 1B for details). A 5-point Likert-type scale from 1 (totally unacceptable) to 5 (perfectly acceptable) appeared after each phrase on the screen. Participants used a mouse to click on a score from the 1-5 acceptability scale to indicate their response. A rating scale rather than a binary acceptability judgment task was used, in order to assess whether conditions yield graded behavioral response patterns and whether these were related to ERP patterns. This scale remained on the screen until the decision was made. All trials were evenly divided into nine blocks, each consisting of 16 trials. Participants were given a break after each block. A practice session with 12 items was provided, and the whole experiment lasted for one and a half hours. To reduce artifacts caused by eye movements and eye blinks, participants were instructed to remain as still as possible with their eyes fixed at the center of the screen throughout each phrase trial, and to refrain from blinking as much as possible when stimuli were presented and were encouraged to rest during the inter-trial interval.



Electroencephalography Recording and Preprocessing

During the experiment, EEG was recorded continuously from 64 Ag/AgCI electrodes by the NeuroScan, which were mounted on an elastic cap according to the 10–20 system (Jasper, 1958). In addition to the scalp sites, two electro-oculogram (EOG) channels were placed above and below the left eye (VEOG), and two at the outer canthi of both eyes (HEOG), as well as 2 electrodes placed on the left and right mastoids (M1 and M2). All electrodes were referenced online to a reference electrode placed between Cz and CPz. Impedances were kept below 8 kΩ. EEG signals were amplified and digitized at 1,000 Hz sampling rate and filtered online with a band-pass of 0.05–400 Hz. Data preprocessing was performed in Matlab-based (Version: R2014a) EEGLAB (Version: 13.5.4b) and ERPLAB (Version: 6.0) toolboxes.

Offline, raw continuous EEG data first went through a band-pass filter (0.1–40 Hz, a two-way Butterworth filter with zero phase shift; roll-off slope: 12 dB/oct), followed by a Parks-McClellan notch filter at 50 Hz. After that, EEG data were down-sampled to 250 Hz. To correct ocular artifacts, independent component analyses (Infomax algorithm) was performed and ocular components were identified by visual inspection. Typically, one or two components were removed for each participant. EEG data were then re-referenced to the algebraic average of the two mastoid electrodes. Continuous EEG data were then segmented into epochs from 200 ms pre-stimulus onset to 1,000 ms post-stimuli onset, with the 200 ms pre-stimulus period as baseline for baseline correction. Artifact detection was performed for all EEG epochs, according to the following criteria: (i) the maximally allowed amplitude difference for all EEG channels within a moving window (width: 200 ms; step: 50 ms) should not exceed 150 μV; (ii) the maximally allowed absolute amplitude for all EEG channels throughout the whole epoch should not exceed 100 μV. Artifact-contaminated target trials were rejected before averaging. On average, there were 33 and 35 trials (out of the total 36 trials) remaining per condition for monolinguals and bilinguals, respectively, after preprocessing.



Data Analyses

Event-related potentials time-locked to the onset of nouns were computed for each participant and for each condition, with a baseline correction of −200 to 0 ms. Grand-averaged waveforms were derived by averaging individual ERPs. Statistical analyses were conducted on mean ERP amplitudes for the critical words, using a spatiotemporal region-of-interest (ROI) approach. Consistent with our previous study (Li et al., 2021), N400 amplitudes were measured based on the averaged waveforms across five centro-parietal electrode sites (Cz, CPz, Pz, CP1, and CP2), where such responses are characteristically most prominent (e.g., Kutas and Hillyard, 1984; Federmeier et al., 2007; Kutas and Federmeier, 2011; Brothers et al., 2015; Fleur et al., 2020). To evaluate possible LPC differences between anterior and centro-parietal electrode sites, we averaged voltages across the five centro-parietal electrodes as well as five anterior electrode sites (F3, Fz, F4, FC1, and FC2) in the 500–700 ms (post-N400) time window, according to previous research which identified frontal LPC components in response to unpredicted but plausible items in constrained contexts (Martin et al., 2013; Chou et al., 2014; DeLong et al., 2014; Brothers et al., 2015; Freunberger and Roehm, 2016; Quante et al., 2018; Fleur et al., 2020). For the N400, a two-way ANOVA including one within-subject factor of Condition (SP vs. WP vs. SI vs. WI) and one between-subject factor of Group (bilingual vs. monolingual) was conducted. For the LPC, a three-way ANOVA with one more within-subject factor of ROI (frontal vs. centro-parietal) was conducted. Follow up ANOVAs were conducted when significant interactions with Condition were presented. The Greenhouse–Geisser correction (Greenhouse and Geisser, 1959) was applied when appropriate, and in this case, the uncorrected degrees of freedom but corrected p-values were reported. Significant interactions in the follow up ANOVAs were decomposed by using post hoc t-tests with Bonferroni correction. We report F-values, degrees of freedom (df), p-values, and partial eta-squared ([image: image]) for an estimation of effect sizes. We used IBM SPSS STATISTICS version 22 for all statistical analyses.

In order to consider the overall differences in electric potential for all EEG electrodes, we also calculated the global field power (GFP) for each condition and each group. As a reference-independent measure, GFP represents the spatial standard deviation of the potential across the entire scalp at each sampling point of the epoch window (Lehmann and Skrandies, 1980). For each subject, GFP values of each condition were translated into z-scores with the pre-stimulus 200 ms as baseline. Significant differences (p < 0.05) in z-scores between conditions that persisted for at least 20 ms in either group were highlighted (Rao et al., 2010; Zhang et al., 2011). Raw data and Material are available in OSF1.




RESULTS


Behavioral Results

With mean acceptability scores of 4.85 (SD = 0.62), 4.73 (SD = 0.83), 1.15 (SD = 0.53), and 1.20 (SD = 0.62) in monolinguals, and of 4.45 (SD = 1.22), 4.27 (SD = 1.35), 1.26 (SD = 0.69), and 1.31 (SD = 0.80) in bilinguals for the SP, WP, SI, and WI conditions, respectively, indicating that both groups of the participants reliably accepted the plausible classifier-noun pairs and rejected the implausible classifier-noun pairs. A repeated-measures ANOVA with within-subject factor Condition (SP vs. WP vs. SI vs. WI) and between-subject factor Group (bilingual vs. monolingual) revealed a significant main effect of Group [F(1,56) = 6.42, p = 0.014, [image: image] = 0.103], a significant main effect of Condition [F(3,168) = 1406.34, p < 0.001, [image: image] = 0.962], and a Condition × Group interaction [F(3,168) = 9.30 p = 0.003, [image: image] = 0.142]. Post hoc comparisons with Bonferroni correction showed the SP and WP conditions were rated lower in bilinguals than monolinguals (SP: p = 0.0015; WP: p < 0.001), while no such group differences were observed in the SI and WI conditions (both p > 0.19). Thus, it could be conceivable that the bilinguals in our study were less certainty with the associative relations between classifiers and nouns in the plausible SP and WP conditions.



Event-Related Potential Data


The N400

Grand-averaged ERP waveforms and N400 results are shown in Figures 2, 3. The initial two-way ANOVA only revealed a main effect of Condition [F(3,168) = 31.960, p < 0.001, [image: image] = 0.363]. Neither the main effect of Group [F(1,56) = 0.171, p = 0.680, [image: image] = 0.003] nor the Condition × Group interaction [F(3,168) = 0.726, p = 0.532, [image: image] = 0.013] was significant. Pairwise comparisons with Bonferroni correction indicated an N400 pattern in form of WI/SI > WP > SP (WI vs. SI: p = 1; WI vs. WP: p < 0.001; WI vs. SP: p < 0.001; SI vs. WP: p < 0.001; SI vs. SP: p < 0.001; WP vs. SP: p = 0.025; > means larger N400 amplitudes) across groups over the centro-parietal region.
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FIGURE 2. Grand-average ERP waveforms for critical conditions over representative electrodes and topographic maps in monolinguals (A) and bilinguals (B), with –200–0 ms pre-stimulus interval as baseline. (SP, the strongly constraining/high-cloze, plausible condition; SI, the strongly constraining/implausible condition; WP, the weakly constraining/low-cloze, plausible condition; WI, the weakly constraining/implausible condition). Negative is plotted down.



[image: image]

FIGURE 3. Mean amplitudes of the N400 (300–500 ms) in (A) and the LPC (500–700 ms) in for critical conditions over frontal (B) and centro-parietal (C) regions in monolinguals and bilinguals. (SP, the strongly constraining/high-cloze, plausible condition; SI, the strongly constraining/implausible condition; WP, the weakly constraining/low-cloze, plausible condition; WI, the weakly constraining/implausible condition). Error bars represent standard deviation.




The Late Positive Complex

Grand-averaged ERP waveforms and LPC results at representative sites to critical nouns are shown in Figures 2, 3. The initial three-way ANOVA revealed a main effect of Condition [F(3,168) = 13.881, p < 0.001, [image: image] = 0.199], a main effect of ROI [F(1,56) = 153.201, p < 0.001, [image: image] = 0.732], and a Condition × ROI interaction [F(3,168) = 3.631, p = 0.017, [image: image] = 0.061]. No other significant main effect [Group: F(1,56) = 0.070, p = 0.793, [image: image] = 0.001] or interactions with Condition [ROI × Group: F(1,56) = 2.142, p = 0.149, [image: image] = 0.037; Condition × Group: F(3,168) = 0.252, p = 0.852, [image: image] = 0.004; Condition × ROI × Group: F(3,168) = 1.449, p = 0.233, [image: image] = 0.025] were significant. Follow up analyses within each ROI revealed a main effect of Condition across groups in both the frontal [F(3,171) = 13.809, p < 0.001, [image: image] = 0.195] and centro-parietal [F(3,171) = 11.895, p < 0.001, [image: image] = 0.173] ROIs. Pairwise comparisons with Bonferroni correction indicated a frontal positivity across groups in response to the WP condition compared to the SP, WI, and SI conditions (WP vs. SP: p = 0.007; WP vs. WI: p < 0.001; WP vs. SI: p < 0.001), while no significant differences between other three conditions were observed (SP vs. SI: p = 0.088; SP vs. WI: p = 0.287; WI vs. SI: p = 1). This effect extended into the centro-parietal ROI, with a larger positive-going effect in response to the WP condition compared to the WI (p = 0.001) and SI (p < 0.001) conditions. In addition, there was a larger positivity in response to the SP condition compared to the SI condition in the centro-parietal ROI (p = 0.002).




Global Field Power Data

The GFP curve of the grand mean electric potential across participants for each condition and for each group, as well as the comparison between SP and WP, and the comparison between SP and SI as representative of plausible vs. implausible contrasts are shown in Figure 4. Results of GFP analysis showed significant differences between the SP and WP conditions in the bilingual group at 375–410, 440–510, and 565-585 ms, indicating a stronger GFP in response to the SP condition compared to the WP condition. In contrast, this difference failed to reach statistical significance in the monolingual group. No other significant differences between conditions were observed in both mono- and bilingual groups.
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FIGURE 4. Global field power (GFP) data obtained from the grand-mean ERP for the four conditions (SP, WP, SI, and WI), as well as pairwise comparisons (SP vs. WP, SP vs. SI) in monolinguals (A) and bilinguals (B). GFP differences between conditions within the N400 and the LPC time windows are highlighted. Scalp potential topography was added to depict the ERP polarity for the GFP peaks.





DISCUSSION

The aim of the current study was to investigate how heritage Chinese speakers process lexico-semantic aspects of written language and how their brain patterns compare to those of monolingual Chinese speakers. Our hypotheses were based on a previous ERP study of us examining N400 and LPC waves (Li et al., 2021). With respect to both ERP components, we did not find any significant group differences. Below we discuss the results by the N400 and the LPC in turn.

Across the groups, a graded N400 response with a pattern in form of WI = SI > WP > SP was observed at the critical noun, modulated by semantic congruencies between classifiers and nouns. Consistent with findings from other studies (e.g., Federmeier et al., 2007), and as indicated in our previous study (Li et al., 2021), we did not find any significant N400 differences between the SI and WI conditions in monolinguals, suggesting that the N400 is not sensitive to contextual constraints when target nouns are implausible. This result is consistent with the findings of Federmeier et al. (2007) with sentential contexts. It would be interpreted as the fact that the N400 reflects context-based facilitation rather than processing costs when a predicted target stimulus (e.g., in a strongly constraining context) is not encountered (see Van Petten and Luka, 2012, for a review). In the present study, our results showed that the same effect can be observed in bilinguals. Some researchers (Hahne and Friederici, 2001; Moreno and Kutas, 2005; Moreno et al., 2010) interpreted the similarity on processing semantic anomalies as evidence for that bilinguals engaged approximately equivalent processing resources to the task of appreciating the semantic relation between the target word and its prior context. In contrast, McLaughlin et al. (2004) showed a strong, native-like N400 peak for semantic anomalies after only a 9-month instructional period in an L2, indicating that the N400 semantic anomaly effect is involved at the earliest stage of L2 learning. Thus, semantic anomalies may not be suitable indicator of language expose and language proficiency.

More importantly, the N400 amplitude did not differ between groups significantly in response to the WP condition, indicating bilinguals’ sensitivity to subtle manipulations of semantic fit in our study. According to current evidence (see section “Introduction”), increased N400 amplitudes in bilinguals reflect less efficient or failed retrieval of conceptual knowledge with the eliciting word form from long-term semantic memory and the effort involved in integrating the meaning of an eliciting target noun with its preceding context. And, previous research indicates that less efficient lexical access was often observed in late bilinguals who learn an L2 after puberty (Ardal et al., 1990; Weber-Fox and Neville, 1996; Moreno and Kutas, 2005). Our results are consistent with other studies with early bilinguals or highly proficient bilinguals as target groups (Weber-Fox and Neville, 1996; Braunstein et al., 2012; Kasparian and Steinhauer, 2016) showing that the heritage speakers in our study were highly proficient Chinese speakers.

In terms of the LPC, we also did not observe any group effects. Across the mono- and bilingual groups, we found a frontally-distributed positive shift in response to the WP condition, with some extension into the centro-parietal region. The scalp distribution of the LPC effect differed from the posterior P600 effect reported by previous studies for strong semantic violations (Kolk et al., 2003; Kim and Osterhout, 2005; Van Herten et al., 2006; Kuperberg, 2007; Bornkessel-Schlesewsky and Schlesewsky, 2008; Van De Meerendonk et al., 2010). It resembled more closely that of frontocentral LPC related to increased conflicts triggered by prediction violations (Federmeier et al., 2007; Kutas et al., 2011; Thornhill and Van Petten, 2012; Van Petten and Luka, 2012), or post-lexical semantic integration difficulty by encountering unexpected but plausible target words (Molinaro et al., 2012; Brothers et al., 2015). Available functional neuroimaging evidence (Wagner et al., 2001; Badre and Wagner, 2002) also support the relevance of the frontal cortex in controlled retrieval/selection of semantic representations based on context. According to Lau et al. (2008), observed effects in those areas in imaging studies can be associated with the frontal post-N400 positivity, reflecting more effortful selection or inhibition relative to more posteriorly-dominant effects. Our finding adds to the already substantial body of evidence showing that prediction is a mechanism that contributes to language processing in various contexts and under various circumstance, including bilingual processing (Kaan, 2014; Kuperberg and Jaeger, 2016). It is worth mentioning that, in our study, bilinguals showed less certainty in their behavioral responses to the SP and WP conditions compared to monolinguals, whereas LPC amplitudes did not show group differences in response to both conditions. The relationship between LPC effects in online processing vs. behavioral responses therefore remains an open question.

At the same time, a larger centro-parietal LPC observed in response to the SP condition compared to the SI condition across groups highlights the observation that the LPC, at least in classifier-noun phrase processing, reflects some form of combinatorial processing rather than a single isolated process. According to previous research, acceptability judgment tasks might involve more attention or cognitive resources devoted to semantic deviance in order to provide task-relevant information allowing for a negative decision, typically leading to an enhancement of the late “wrap-up” positivity (Kolk et al., 2003; Schacht et al., 2014). The “wrap-up” positivity is considered to reflect the retrospective, evaluative processing by the time the last word of a sentence or a clause is perceived. It has a centro-parietal distribution, and typically starts in the N400 time window (300–500 ms), and is long-lasting (see Stowe et al., 2018, for a review). Thus, it is reasonable to hypothesize that selecting which classifier modifies a noun in a less reliable information source manner would engender a second-pass reanalysis, perhaps, at least partially, triggered by some type of “phrase wrap-up” effect in attempt to assign a full interpretation to the expression. As such, it is possible that the larger centro-parietal LPC effects observed in response to the WP condition compared to the WI and SI conditions reflect fine grained wrap-up demands provided by conditions, rather than an extended frontal positivity into centro-parietal areas due to volume conduction. Further studies are needed to better differentiate these effects.

In addition, we did not find any LPC differences between groups in response to the implausible WI and SI conditions. A possible reason for the absence of group differences is that the task in our study was relatively simple. The participants read simple classifier-noun phrases, with the classifier serving as the prime and the noun as the target. The memory load was low, and so was the reanalysis demands during processing implausible combinations. Indeed, past research has shown that differences between monolingual speakers and heritage speakers in the late posterior LPC are often observed in tasks requiring in-depth and continued integrative efforts, such as comprehension of sentence-level information, and outright semantic anomalies when the prior context is rich (e.g., Kasparian and Steinhauer, 2016; Zheng and Lemhöfer, 2019).

The ERP and GFP data did not yield consistent results in the N400-LPC analysis with regard to the plausible vs. implausible contrast. Because GFP calculation reflects differences in strength of the electric field rather than differences in the configuration of ERP amplitudes, it is not unexpected to observe inconsistent results between ERP data and GPF data. Interestingly, the GFP data showed differences for the composition effect in response to the SP and WP conditions in the bilingual group, while no such effect was observed in the monolingual group. This effect began within the N400 range and extended into the late 500–600 ms time window. Because differences in GFP are attributable to differences in the amount of synchronized neuronal activation, this effect can be interpreted in terms of stronger engagement of neuronal resources in response to the SP condition compared to the WP condition during semantic processing in bilinguals. One possible explanation may have to do with the fact that, compared to monolinguals, even the SP condition that involved the largest amount of typical and preferred combinations required outright attention and a more explicit metalinguistic analysis in bilinguals. Another possible explanation is that bilingual speakers have generally a more developed monitoring system than monolingual speakers (Costa et al., 2008; Schmid and Köpke, 2009; Kroll and Bialystok, 2013; Grant et al., 2014; Duncan et al., 2016). According to this assumption, bidirectional cross-linguistic adaptation occurs at any time on multiple levels during language processing in the bilingual brain. This makes bilingual language processing less efficient as a result of added task demands. Because cognitive resources are limited, bilinguals may develop more efficient strategies of attention control in both L1 and L2, in order to achieve a certain degree of processing efficiency. This eventually resulted in bilingual inhibitory control advantage and/or a bilingual advantage for attentional monitoring, especially when a word is in the focus of attention and when strong competitors are activated, as in the SP condition (see Van Petten and Luka, 2012, for a review). The effects of bilingualism in monitoring and resolving conflicting information may be the key point of L1 attrition, as emphasized by Kasparian and Steinhauer (2016), or differences in strategies to process the semantic information online. Specific studies and methods addressing this point are needed.


Caveats and Limitations in Relation to the Study

Although group differences in relation to the N400/LPC pattern were non-significant, it is not possible to exclude the possibility that both the N400 and the LPC may still be relevant with regard to individual differences in bilinguals, and that group differences in relation to the N400/LPC pattern would have been discernable (i.e., met the standard threshold of statistical significance) were the sample size larger. The possible presence of separate strategies to process semantic information online between groups is, at least indirectly, supported by the GFP data. It should be noted that our bilingual data indicate a robust and replicable N400/LPC congruency pattern during processing Chinese classifier-noun phrases in bilinguals. Nonetheless, it would be advantageous for future investigations to recruit more potential eligible participants and involve multiple sessions and levels of psychophysiological and language testing.

Previous studies suggested that bilinguals simultaneously access words from their other language as well, when they perform a task in one of their languages (see van Heuven and Dijkstra, 2010, for a review). The parallel activation of lexicons in different languages is thought to give rise to between-language competition that imposes demands on the bilingual to control the language not in use to achieve fluency in the target language, resulting in weaker access to a given target word. Cross-linguistic interference occurs most likely between two typologically similar languages (Połczyńska and Bookheimer, 2020). Although Chinese (Sino-Tibetan) and Malay (Austronesian) are two typologically distant languages, both languages, however, are classifier languages which invoke the noun classifiers (Aikhenvald, 2006). Consequently, the learners of classifier languages are presented with an intriguing interference point as part of their language learning experience. Since the present study has not investigated cross-language interference, language-selective access and degree of top-down control of bilingual lexical processing per se, further studies with more fine-grained manipulations are needed.




CONCLUSION

The present ERP study examined whether a previously observed neural signature in monolingual speakers in relation to Chinese classifier-noun phrase processing was present in Chinese-Malay bilingual speakers. The findings confirmed the importance of two ERPs, the N400 and a post-N400 LPC, in indexing semantic congruencies within classifier-noun phrases in both mono- and bilingual groups. Our results showed that no group differences were seen in semantic congruency effects, neither in the response pattern within the N400, which primarily indexes lexical access and first-pass semantic integration, nor in the post-N400 LPC component, which is believed to primarily index second-pass, attention-driven, integration processes after prediction violations. Our results suggest that, in terms of the ERP data, Chinese-Malay heritage speakers predict and integrate upcoming semantic information in Chinese classifier-noun phrase to the same extent as monolingual Chinese speakers. Furthermore, our GFP data showed that bilinguals differ from their monolingual peers in terms of global field power intensity of the brain by processing plausible classifier-noun pairs with different congruency effects. Further studies are needed to clarify this finding. The present study is only a first step in comparing online lexico-semantic processing in Chinese heritage speakers with Chinese monolingual speakers. We stated with reasonable confidence that Chinese-Malay bilinguals are clearly the population of interest for the research on neuroplasticity in the bilingual brain.
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The present study aimed to investigate how native Japanese speakers learning Chinese choose preferred positions for temporal adverbs depending on their level of Chinese proficiency. A naturalness judgment task conducted on native Chinese speakers showed that the most natural position for Chinese temporal adverbs was before the subject and that placement after the locative prepositional phrase was incorrect. The same task applied to native Japanese speakers found the most natural position for Japanese temporal adverbs was also before the subject. Further, when they appear at the beginning of a sentence, they provide the time for the entire sentence. Accordingly, temporal topicalization appears to influence naturalness decisions by both native Chinese and Japanese speakers. A point of difference was that in Japanese, a temporal adverb placed after a locative prepositional phrase was judged to be acceptable. When the same task was given to native Japanese speakers learning Chinese divided into three Chinese proficiency level groups, placement before the subject was the most preferred by the higher Chinese proficiency group. In addition, placement after the locative prepositional phrase was unfavored by them while the same position was frequently selected by the lower level group. As Chinese proficiency increases it appears that the preferred temporal adverb position is before the subject and the placement after the locative prepositional is judged to be unnatural. Thus, a sense of suitable temporal adverb positions in Chinese is influenced by the level of Chinese proficiency of native Japanese speakers.

Keywords: temporal adverb, adverb position, Chinese proficiency, native Japanese speakers learning Chinese, Chinese as a foreign language


INTRODUCTION

Because a verb in a Chinese sentence does not give a clear indication of time, temporal adverbs1 play an important role in identifying when an event takes place. Tense in Chinese is typically indicated by temporal adverbs such as zuótiān “yesterday” for past tense, jīntiān “today” for present tense, and míngtiān “tomorrow” for future tense. Textbooks for teaching Chinese as a foreign language (e.g., Liu, 2012; Jiang et al., 2015; Ma et al., 2017; Zhang et al., 2021), related grammar books (e.g., Zhu, 1982; Peng et al., 2005; Qi, 2005; Maruo, 2010; Lu, 2011; Miake, 2012), and linguistic literature (e.g., Zhao, 2001; Liao, 2005; He, 2011; Guan, 2013; Suzuki, 2014; Hirayama, 2017, 2019, Kanemoto, 2018) explain that temporal adverbs are placed either before or after the subject. For instance, “I will drink afternoon tea at the neighbor’s house tomorrow” is expressed in the order of Subject (I) + Adverb (tomorrow) + Prepositional Phrase (at the neighbor’s house) + Verb (drink) + Object (afternoon tea) as in Wǒ míngtiān zài línjū jiā hē xiàwǔ chá. The temporal adverb (Adv) is placed after the subject “I” and before the locative prepositional phrase (PP) “at the neighbor’s house”, resulting in the order of SAdv(time)PP(place)VO. These temporal adverbs may also be placed before the subject in the order of Adv(time)S PP(place)VO. However, a temporal adverb occurring after a locative phrase seems to be less preferred (Chao, 2011).

Similarly, temporal adverbs in Japanese are also placed either before or after the subject (Koizumi, 1993; Sun and Koizumi, 2011). For example, a Japanese sentence such as Ane-ga kinô daigaku-de eigo-no zyugyô-o uke-ta meaning “Yesterday my older sister took an English class at the university” is ordered S (my older sister) + Adv (yesterday) + PP (at the university) + O (an English class) + V (took). The temporal adverb kinô “yesterday” may also be placed after the prepositional phrase (PP). Positions of temporal adverbs in Japanese appear to be more flexible than in Chinese.

In contrast, temporal adverbs in English are usually placed at either the beginning or the end of a sentence as in “Yesterday we played golf at the park” or “We played golf at the park yesterday”. Temporal adverbs do not usually appear in the middle of a sentence in English, consequently their placements are not parallel to those of Chinese and Japanese temporal adverbs.

Temporal adverbs in both Chinese and Japanese can be placed in three possible positions, (1) Adv(time)S PP(place)VO, (2) S PP(place)Adv(time)VO, and (3) S Adv(time) PP(place)VO, making Japanese an ideal language for comparison with Chinese. The present study first clarifies differences in temporal adverb positions between Chinese and Japanese. The study then investigates how native Japanese speakers learning Chinese are influenced by their first language. Finally, the study examines how their level of Chinese proficiency influences their choices of preferred positions for temporal adverbs.



WORD ORDERS IN CHINESE

Topic-comment structure is often discussed in relation to the Chinese language (e.g., Li and Thompson, 1981; Xu and Langendoen, 1985; Shi, 2000; Chao, 2011). An English question such as ‘Have you finished your homework?’ is asked in Chinese as Ni zuòwán zuòyè le ma? S(you) V(finish) O(homework) Asp Q (Asp refers to the aspect le while Q refers to the question marker ma). However, the object is often made into the topic, especially in conversation, as in Zuòyè ni zuòwán le ma? O(homework) S(you) V(finish) Asp Q. In this type of question, the subject ni “you” is often dropped when asking the question conversationally. The answer to this question ‘I have finished the homework’ may be in either the canonical SVO order of Wo zuòwán zuòyè le S(I) V(finish) O(homework) Asp or the topicalized OSV order of Zuòyè wo zuòwán le. O(homework) S(I) V(finish) Asp. Because topicalized structure is frequently seen in Chinese, Chinese is referred to as a topic-comment structure language. Thus, it is hypothesized that, although the canonical word order of Chinese is typically defined as SVO, the topicalized order of OSV, which is frequently observed, is highly accepted.

In relation to Chinese word orders, Sun and Givón (1985) investigated how frequently different word orders occur in Chinese. As Chinese is a pro-drop language (the subject is often omitted), frequencies of VO and OV word orders were counted. The study reported that the VO order was overwhelmingly found in both written and spoken Chinese corpora. More precisely, direct objects occurred after the verb in 94% of expressions in the written corpus and in 92% in the spoken corpus. Conversely, the OV order appeared far less frequently. Sun and Givón (1985) strongly asserted that the canonical order of Chinese is SVO.

Furthermore, a survey of sentence acceptance decisions by Yu and Tamaoka (2018) comparing a single sentence with three different word orders in Chinese (i.e., SVO, SOV, OSV) concluded that SVO was the most acceptable word order in Chinese. Therefore, the unmarked canonical word order of Chinese is identified as SVO while the orders of SOV and OSV are considered to be the marked orders (Chu and Wang, 2016). In sum, topicalization is a marked discourse feature, and non-canonical OSV and SOV orders are based on the distinct information-based structure.



TOPIC-COMMENT STRUCTURE RELATED TO TEMPORAL ADVERBS

Based on Romance languages such as French, Italian and Spanish, Cinque (1999) proposed a universal hierarchy of functional categories of adverbs. Studies on Japanese adverbs (e.g., Saeki, 1975; Nakau, 1980; Noda, 1984; Kudo, 2000, 2007; Koizumi and Tamaoka, 2006, 2010; Sun and Koizumi, 2011) also indicate that Japanese adverbs fundamentally follow Cingue’s universal hierarchy. Within the framework of this universal hierarchy, Koizumi (1993) asserted that Japanese temporal adverbs are identified as inflectional phrase (IP) adverbs which are positioned either before or after the subject. In fact, an experiment on sentence processing by Koizumi and Tamaoka (2006) indicated that sentences with a temporal adverb before the subject (tempAdv + S + O + V: M = 1,419 ms, M refers to a mean while ms refers to milliseconds) were processed equally as fast as those with a temporal adverb after the subject (S + tempAdv + O + V: M = 1,401 ms). In turn, both of these were processed significantly faster than those with a temporal adverb after the object (S + O + tempAdv + V: M = 1,579 ms). Since previous studies on Chinese temporal adverbs (e.g., Zhao, 2001; Liao, 2005; He, 2011; Guan, 2013; Suzuki, 2014; Hirayama, 2017, 2019, Kanemoto, 2018) have proposed that temporal adverbs can be placed either before or after the subject, it seems that temporal adverbs in both Chinese and Japanese can reasonably be classified as IP adverbs.

In accordance with topic-comment structure (Li and Thompson, 1981; Xu and Langendoen, 1985; Shi, 2000; Chao, 2011), native Chinese speakers may prefer to place a temporal adverb before the subject. For example, the action, “my friend eats Shanghai crabs” took place zuótiān wanshàng “yesterday night”. In other words, when “yesterday night” is placed at the beginning of the sentence, a listener is able to easily understand that the action of eating Shanghai crabs took place “yesterday night” before listening to the whole sentence. If this is the case, from the production perspective, a speaker will prefer to specify the time first, and then follow that with the content. From the perception perspective, once the time is specified at the beginning of a sentence, a listener can more easily understand the rest of the sentence. This condition fits nicely into the temporal adverb version of topic-comment structure: a temporal adverb becomes the “topic” while the rest of the sentence is a “comment”. In this study, we call this phenomenon “temporal topicalization”. If this assumption of temporal topicalization is true, then native Chinese speakers will prefer the temporal adverb position before the subject rather than after the subject. Furthermore, if the preference for temporal topicalization is a universal phenomenon, native Japanese speakers will also show a preference for placing a temporal adverb before the subject at the beginning of a sentence.

Nevertheless, in order to avoid confusion in word order, temporal adverbs are typically introduced after the subject within the framework of the basic SVO order (e.g., Sun and Givón, 1985; He, 2011; Suzuki, 2014; Hirayama, 2017, 2019; Kanemoto, 2018; Yu and Tamaoka, 2018) in teaching Chinese as a foreign language in a Japanese university. A typical word order is:

(temporal adverb) + Subject + temporal adverb + Verb + Object

(Taken from Kanemoto, 2018, p.30; Suzuki, 2014, p.20)

Locating the adverb before the subject is also possible as indicated by “temporal adverb” in parentheses. Before this point of basic order is taught to native Japanese speakers learning Chinese, their preference may have been to place the temporal adverb after the subject. However, it may be hypothesized that, once Japanese learners encounter more Chinese sentences, they may begin to show a preference for temporal adverbs placed before the subject. As learners’ Chinese proficiency level increased, their choices for sentence naturalness changes gradually from the position after the subject to that before the subject.

Temporal and locative information is also related to word orders. Chao (2011) states that “Other things being equal, there is in Chinese a slight preference for time to come before place” (p. 124). If this is true, then native Chinese speakers should show a lesser degree of preference for temporal adverbs placed after the locative prepositional phrase. Furthermore, Peng et al. (2005) summarized the word order before the verb as follows:

Yǔqì fùcí + Shíjiān + Dìfāng + Duìxiàng Modality + Temporal + Locative + PP(object) + Zěnmeyàng + Dòngcí + Manner/Resultative + Verb

(Taken from Peng et al., 2005, p. 291)

This word order does not include the subject because the subject is often dropped. The subject may be placed either before or after yuqì fùcí (modality) or before or after shíjiān (temporal). As Chao (2011) suggested, Peng et al. (2005) claimed that in correct word order, shíjiān (temporal) comes before dìfāng (locative). However, the present study questions whether native Japanese speakers use the same word order for temporal and locative phrases relative to the subject in Japanese, and furthermore, whether those Japanese speakers learning Chinese as a foreign language also show the same tendency in Chinese.

With these assumptions and questions in mind, the present study investigated temporal adverb positions in four steps. In the first step (Experiment 1), temporal adverb positions perceived by native Chinese speakers were tested by a questionnaire survey of naturalness decisions. Experiment 1 clarified the preferred positions of temporal adverbs in Chinese transitive sentences. In the second step (Experiment 2), the same questionnaire survey was given to native Japanese speakers using the equivalent Japanese sentences. In the third step, differences in temporal adverb positions between Chinese and Japanese were compared using these results. In the fourth step, a selection task using three temporal adverb positions of (1) Adv(time)S PP(place)VO, (2) SAdv(time)PP(place)VO, and (3) S PP(place)Adv(time)VO was given to native Japanese speakers learning Chinese. Based on their scores on a Chinese language proficiency test, native Japanese speakers were divided into higher, middle and lower Chinese proficiency groups. Frequencies of selection for temporal adverb positions were then compared among the three groups. Through these steps, the present study clarified how native Japanese speakers learning Chinese were affected by differences in positions of Chinese temporal adverbs according to their level of Chinese proficiency.



EXPERIMENT 1: PREFERRED POSITION OF CHINESE TEMPORAL ADVERBS

Using a naturalness decision task, Experiment 1 investigated preferences for Chinese temporal adverb positions by native Chinese speakers.


Participants

Thirty-eight native Chinese speakers (30 females and 8 males) living in China were recruited online for this study. They participated in Experiment 1 after giving informed consent. They ranged in age from 18 years and 2 months to 58 years and 1 month. The average age was 24 years and 7 months with a standard deviation of 9 years and 6 months on the day the questionnaire was conducted. This study was conducted online, thus enabling participation from all over China. Some participants may have spoken dialects of standard Mandarin Chinese. However, as these dialects are based on common syntactic knowledge, they will not have affected the result of naturalness decisions for written sentences.



Materials

Stimuli consisted of sentences which included temporal adverbs, in one of three possible positions in a Chinese transitive sentence with a locative prepositional phrase, PP(place) as shown in (1) to (3).
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A temporal adverb such as zuótiān “yesterday” was placed in the sentence initial position and before the subject in sentence (1), the position after the subject in sentence (2) and the position after a locative prepositional phrase in sentence (3). Using 12 different sentences, each in the three different word orders (36 sentences in total) with temporal adverbs in the past tense were prepared for the first experiment. All stimulus sentences are listed in Supplementary Appendix 1.



Procedure

Using an online questionnaire survey from (wenjuan.com), all 36 sentences (12 sentences × 3 word orders) were randomly presented to native Chinese speakers for a naturalness decision task. A 5-point Likert scale ranging from −2 (not natural at all) to +2 (completely natural) was used with a positive score indicating a natural range and a negative score indicating an unnatural range. Native Chinese speakers were allowed to respond at their own pace for each question.



Data Analysis and Results

Means, standard deviations, and standard errors for naturalness judgments by native Chinese speakers for the three temporal adverb positions are reported in Table 1. An analysis of variance with repeated measures was conducted for the three temporal adverb positions. The main effect of the positions was significant in both participant analysis [F1(2,74) = 229.32, p < 0.001, ηp2 = 0.86] and item analysis [F2(2,22) = 191.81, p < 0.001, ηp2 = 0.95].


TABLE 1. Naturalness of three temporal adverb positions in Chinese.
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In order to clarify the differences among the three temporal adverb positions, simple contrasts were conducted on the naturalness decisions by native Chinese speakers. As shown in Figure 1 (indicating significances based on the results of simple contrasts in participant analyses), the temporal adverb position before the subject was judged to be more natural than the temporal adverb position after the subject [F1(1,37) = 7.84, p < 0.01, ηp2 = 0.18] but not significant in item analysis [F2(1,11) = 2.41, p = 0.149, ns, ηp2 = 0.18]. Item analysis did not reach a significant level. This null significance may have been caused by the small number of sentence stimuli for item analysis. The temporal adverb position before the subject was also judged to be more natural than that after the locative prepositional phrase [F1(1,37) = 269.56, p < 0.001, ηp2 = 0.88; F2(1,11) = 281.07, p < 0.001, ηp2 = 0.96]. Furthermore, the temporal adverb position after the subject was also judged more natural than the temporal adverb position after the locative prepositional phrase [F1(1,37) = 243.59, p < 0.001, ηp2 = 0.87; F2(1,11) = 293.21, p < 0.001, ηp2 = 0.96].
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FIGURE 1. Means of naturalness depending on Chinese temporal adverb positions. **p < 0.01 and ***p < 0.001.




Discussion

Experiment 1 indicated that the most natural position perceived by native Chinese speakers was the position before the subject. The position after the subject was the second most natural and was also judged as having a high degree of naturalness. This result may be explained by temporal topicalization within the framework of the topic-comment structure in Chinese (Li and Thompson, 1981; Xu and Langendoen, 1985; Shi, 2000; Chao, 2011). The “topic” of a temporal adverb is presented at the beginning of the sentence before the subject, with the rest of the sentence being a “comment”. Native Chinese speakers feel this topic-comment information structure is the most natural. Yet, positions both before and after the subject were still perceived as being in the highly acceptable range. In contrast, the mean of naturalness for the temporal adverb placed after the locative prepositional phrase was rated at −1.40. Since −2.0 indicates an extreme “not natural at all” rating, this score is considered to indicate an incorrect position for placement of a temporal adverb. Against the claim of “a slight preference for time to come before place” by Chao (2011), p. 124, Experiment 1 indicated that native Chinese speakers rejected a temporal adverb placed after a locative prepositional phrase as a constituting a natural sentence.




EXPERIMENT 2: PREFERRED POSITION OF JAPANESE TEMPORAL ADVERBS

Using a naturalness decision task, Experiment 2 investigated preferences for Japanese temporal adverb positions by native Japanese speakers.


Participants

One hundred and forty-nine native Japanese speakers (62 females and 87 males) living in Japan and taking a Chinese class at a national university in Japan were recruited online. They participated in Experiment 2 after giving informed consent. They ranged in age from 18 years and 4 months to 36 years and 0 month. The average age was 19 years and 2 months with a standard deviation of 1 years and 6 months on the day the questionnaire was conducted. Most of these native Japanese speakers were from Miyazaki prefecture in Japan. Although accents in this area differ from the Tokyo Standard Japanese, grammatical characteristics are shared by all native Japanese speakers. Therefore, the Japanese participants would not have been affected in judging word orders of temporal adverbs.



Materials

Stimuli consisted of sentences which included temporal adverbs, in one of three possible positions in a Japanese transitive sentence as shown in (4) to (6).
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The temporal adverb sensyû “last week” was placed before the subject in sentence (4), the position after the subject in sentence (5) and the position after the locative prepositional phrase in sentence (6). Twelve sentences in the three word orders (36 sentences in total) with temporal adverbs of past tense were prepared for Experiment 2. All stimulus sentences are listed in Supplementary Appendix 2.



Procedure

Using an online questionnaire survey form (Google Forms), 36 sentences (12 sentences × 3 word orders) were randomly presented to native Japanese speakers who were asked to rate how natural a presented sentence was on a 5-point Likert scale from −2 (not natural at all) to + 2 (completely natural). Native Japanese speakers were allowed to respond to each question at their own pace.



Data Analysis and Results

Means, standard deviations, and standard errors for naturalness judgments by native Japanese speakers for the three temporal adverb positions are reported in Table 2. The analysis of variance with repeated measures was conducted for the three positions in Japanese sentences. The main effect of the positions was significant both in participant analysis [F(2,296) = 272.54, p < 0.001, ηp2 = 0.65] and item analysis [F2(2,22) = 472.85, p < 0.001, ηp2 = 0.98].


TABLE 2. Naturalness of three temporal adverb positions in Japanese.
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In order to clarify the differences among the three temporal adverb positions, simple contrasts were conducted on the naturalness decisions. As shown in Figure 2, the results showed that the temporal adverb position before the subject was judged to be more natural than that after the subject [F1(1,148) = 13.87, p < 0.001, ηp2 = 0.09; F2(1,11) = 10.42, p < 0.01, ηp2 = 0.49]. The temporal adverb position after the subject was also judged to be more natural than that after the locative prepositional phrase [F1(1,148) = 357.41, p < 0.001, ηp2 = 0.71; F2(1,11) = 1157.52, p < 0.001, ηp2 = 0.99]. Furthermore, the temporal adverb position after the subject was judged to be more natural than that after the locative prepositional phrase [F1(1,148) = 291.25, p < 0.001, ηp2 = 0.66; F2(1,11) = 535.13, p < 0.001, ηp2 = 0.98].
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FIGURE 2. Means of naturalness depending on Japanese temporal adverb positions. **p < 0.01 and ***p < 0.001.




Discussion

Experiment 2 showed that the most natural position perceived by native Japanese speakers was also that of the position before the subject. As with native Chinese speakers, native Japanese speakers also appear to employ temporal topicalization within the framework of a topic-comment structure (Li and Thompson, 1981; Xu and Langendoen, 1985; Shi, 2000; Chao, 2011). A temporal adverb presented at the beginning of a sentence before the subject provides the time when the rest of the sentence takes place. Therefore, temporal topicalization appears to function for naturalness perceived by both native Chinese and native Japanese speakers. The position after the subject was also judged to be the second most natural. This result supports the premise that both Chinese and Japanese temporal adverbs are IP adverbs (Koizumi, 1993). However, unlike in Chinese, the mean of naturalness for the temporal adverb after the locative prepositional phrase had a positive score of 0.08. This rating falls within an acceptable range of naturalness. Therefore, the position after the locative prepositional phrase is not considered to be incorrect in Japanese even though this location is considered to be incorrect in Chinese.




NATURALNESS COMPARISON OF TEMPORAL ADVERB POSITIONS BETWEEN CHINESE AND JAPANESE SENTENCES

The scores for sentence naturalness decisions were compared to confirm the difference in the positions of temporal adverbs between the Chinese and Japanese languages.


Data Analysis and Results

The mean naturalness scores judged by both native Chinese speakers in Experiment 1 and native Japanese speakers in Experiment 2 for the three temporal adverb positions are depicted in Figure 3. The analysis of variance with repeated measures (the factor of adverb positions was the repeated measure while the factor of first languages was the non-repeated measure) was conducted for the three positions for both Chinese and Japanese sentences. There were significant main effects for positions [F(2,372) = 369.35, p < 0.001, ηp2 = 0.67] and for the participants’ first languages [F(1,186) = 5574.15, p < 0.001, ηp2 = 0.97]. Furthermore, there was a significant interaction between the two factors of positions and languages [F(2,372) = 18.69, p < 0.001, ηp2 = 0.09]. These results indicated that (1), as shown in Experiments 1 and 2, temporal adverb positions affect sentence naturalness scores, (2) sentence naturalness scores differ between the Japanese and Chinese languages, and (3) both factors of temporal adverb positions and first languages influence sentence naturalness scores.
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FIGURE 3. Naturalness scores for Chinese and Japanese temporal adverb positions. Δ indicates the difference in naturalness scores. *** p < 0.001.


After analyzing the differences in the three temporal adverb positions in Experiments 1 and 2, our analysis focused on the differences in naturalness scores between the Chinese and Japanese languages. As shown in Figure 3, the same degree of difference (0.70 points as indicated by Δ in Figure 3) was found in positions both before and after the subject. An independent samples t-test was used to analyze the difference in naturalness scores for each temporal adverb position for both native Chinese and Japanese speakers. Due to the fact that Levene’s test for sample distributions indicated differences between samples of native Chinese and Japanese speakers [F = 15.93, p < 0.001], a t-test which does not assume equal distributions was used to analyze scores for the position before the subject. The result indicated a significant difference between the two languages [t(47.08) = 6.65, p < 0.001, Glass Δ = 0.52]. The effect size was measured by Glass’s delta (Δ), because both sample sizes and sample distributions differed in naturalness scores between native Chinese and Japanese speakers. Likewise, for the position after the subject, Levene’s test for sample distributions indicated differences between the samples of native Chinese and Japanese speakers [F = 6.49, p < 0.05]. Therefore, a t-test which does not assume equal distributions was used. The result indicated a significant difference between the two languages [t(48.46) = 3.74, p < 0.001, Glass Δ = 0.55].

The largest difference was found in the position after the locative prepositional phrase at 1.48. For this position, once again, Levene’s test for sample distributions indicated differences between samples of native Chinese and Japanese speakers [F = 7.75, p < 0.01]. Thus, a t-test which does not assume equal distributions was applied. The result indicated a significant difference between the two first languages [t(84.65) = 10.58, p < 0.001, Glass Δ = 0.97].



Discussion

The difference in naturalness scores for temporal adverb positions before and after the subject was equal at 0.70. This difference may have been a result of decisions made by native Chinese speakers being stricter than those made by native Japanese speakers. However, the difference for the position after the locative prepositional phrase was very large at 1.48. This result suggests that a temporal adverb placed after the locative prepositional phrase in a Chinese sentence is considered incorrect whereas the same order in a Japanese sentence is considered acceptable. A noticeable difference between the Chinese and Japanese languages is seen in the positional relation of a temporal adverb and a locative prepositional phrase.




EXPERIMENT 3: CHANGES IN TEMPORAL ADVERB POSITIONS DEPENDING ON CHINESE KNOWLEDGE OF NATIVE JAPANESE SPEAKERS LEARNING CHINESE

Experiment 3 investigated choices of Chinese temporal adverb positions by native Japanese speakers learning Chinese as a foreign language. Based on scores of a Chinese comprehension (or proficiency) test, these choices were analyzed in order to identify the influence of first language based on the results of Experiments 1 and 2, and of their levels of Chinese language proficiency.


Participants

A total of 149 native Japanese speakers enrolled in a Chinese class as a foreign language at a national university in Japan participated in Experiment 3. They were the same participants who took part in Experiment 2. None of them had been exposed to a Chinese speaking environment. The details of their gender and age are listed in Experiment 2.



Materials and Procedure

The Chinese stimulus sentences including temporal adverbs were the same as those used in Experiment 1.



Procedure

Using Google Forms, Japanese participants were asked to choose the most natural sentence in which a temporal adverb was placed in one of three different positions. To ensure they understood the meaning of the words used in the Chinese sentences, the meanings of the words were provided to them. The meanings were presented in the following way: zuótiān “yesterday” in Chinese meaning kinô in Japanese, jiìjie “(my) elder sister” meaning ane in Japanese, shítáng “restaurant” in Chinese meaning syokudô in Japanese, chī fàn “to have a meal” in Chinese meaning gohan-o teberu in Japanese. A set of three Chinese sentences was then chosen from the sentence stimuli of Experiment 1 (a total of 12 sets shown in Supplementary Appendix 1) and randomly presented to each Japanese participant. Because this study focused on the grammatical aspect of word order, providing lexical meanings would not have affected the results.



Analysis and Results for Each Set of Sentences

Twelve sets of three sentences containing temporal adverbs were presented to 149 native Japanese speakers resulting in a total of 1,788 responses. Frequencies of sentence choices are reported in Table 3. A Chi-squared test of goodness-of-fit was conducted for each set across the three temporal positions. As shown in Table 3, all sets showed significantly fewer selection frequencies for the position after the locative prepositional phrase. The result showed that Japanese participants consistently chose the temporal adverb location in Chinese, S PP(place) Adv(time) O V less frequently in all sentences. The results of a Chi-squared test of goodness-of-fit applied to all 12 sentence sets are shown in Table 3.


TABLE 3. Frequencies of selections and the results of Chi-squared test of goodness-of-fit.
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Analysis and Results for All Sets Together Based on Chinese Proficiency

To investigate the effect of Chinese proficiency of native Japanese speakers, a Chinese proficiency test was conducted face-to-face in a classroom on the 149 Japanese participants. The test consisted of seven parts: (1) 10 points for lexical knowledge, (2) 10 points for transcription from pīnyīn to Chinese characters, (3) 10 points for quantifiers (4) 10 points for sentence types, (5) 10 points for grammatical knowledge, (6) 5 points for Japanese to Chinese translation, and (7) 5 points for understanding of basic conversations. The points in the seven parts added up to a maximum score of 60 points. The Cronbach’s reliability coefficient for the Chinese proficiency test (N = 149) was very high at 0.924 (a whole test is provided in Supplementary Appendix 3).

The mean (M) of the Chinese proficiency test for the 149 Japanese participants was 47.75 points with a standard deviation (SD) of 9.25 points. Based on the scores of this test, the 149 participants were divided into three groups of higher (n = 51, M = 56.35, SD = 1.87), middle (n = 52, M = 49.44, SD = 2.14), and lower (n = 46, M = 36.30, SD = 7.28) proficiencies. Frequencies of choice for the three temporal positions were calculated for each of the three Chinese proficiency groups. The results of frequencies in percentages are shown in Table 4. The average percentages among the three Chinese proficiency groups across the temporal adverb positions are depicted in Figure 4.


TABLE 4. Frequencies and percentages of sentence choices based on Chinese proficiency.
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FIGURE 4. Percentages of frequencies in temporal adverb positions classified by three Chinese proficiency groups.


The Chi-squared test of independence was conducted on frequencies of choice across the three temporal adverb positions by the three Chinese proficiency groups. The result was significant [χ2(4) = 118.73, p < 0.001]. Because the residuals (e) are assumed to be normally distributed, ±1.96 is interpreted to be at the border of the 5% significant level. The standard residuals in Table 5 showed clear tendencies across the three Chinese proficiency groups.


TABLE 5. Results of Chi-squared test of independence with standard residuals.
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For the position before the subject, the higher level Chinese proficiency group (282 times, e = 4.5, e refers to the standard residual) selected the temporal adverb before the subject significantly more frequently than did the middle group (213 times, e = −0.5). The middle group selected this position even more frequently than did the lower group (135 times, e = −4.3). For the position after the subject, all standard residuals were within the range of ±1.96, suggesting no differences in frequencies of choice among the higher (274 times, e = −0.2), the middle (296 times, e = 0.8) and the lower (240 times, e = −0.6) groups. In contrast, for the position after the locative prepositional phrase, the opposite trend was observed. The higher level Chinese proficiency group (56 times, e = −5.8) selected the temporal adverb position after the locative prepositional phrase significantly less frequently than did the middle group (115 times, e = −0.6). Furthermore, the middle group also selected this position less frequently than did the lower group (177 times, e = 6.7).



Discussion

As shown in the frequency percentages in Figure 5, the three Chinese proficiency groups of native Japanese speakers learning Chinese showed a clear tendency of choice in temporal adverb positions. The higher level Chinese proficiency group chose, in decreasing order of frequencies, the position before the subject, the position after the subject and the position after the locative prepositional phrase. This trend was the same as obtained in Experiment 1 for native Chinese speakers. The higher level group was able to recognize suitable temporal adverb positions at the same rate as demonstrated by native Chinese speakers. The middle Chinese proficiency group most often chose the position after the subject as predicted by previous studies (e.g., Zhao, 2001; Liao, 2005; He, 2011; Guan, 2013; Suzuki, 2014; Hirayama, 2017, 2019; Kanemoto, 2018), but the selection of the position after the locative prepositional phrase was still frequent. This pattern of results suggests some degree of uncertainty in choice of suitable temporal adverb positions. Among the three Chinese proficiency groups, the lower level group most frequently chose the position after the locative prepositional phrase. This location was judged as incorrect by native Chinese speakers in Experiment 1, but perceived as acceptable by native Japanese speakers in Experiment 2. The lower level group may have been influenced by their sense of appropriate temporal adverb position in Japanese.
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FIGURE 5. Comparison of temporal adverb positions in Chinese assumed from previous studies and positions identified in Experiment 1.





GENERAL DISCUSSION

The findings of the present study consisted of two parts. The first part relates to temporal adverb positions in Chinese as perceived by native Chinese speakers (Experiment 1) and in Japanese by native Japanese speakers (Experiment 2). The second part relates to choices of Chinese temporal adverb positions by three different Chinese proficiency groups of native Japanese speakers leaning Chinese as a foreign language (Experiment 3). Findings of the two parts are as follows:


Temporal Adverb Positions in Chinese and Japanese

Based on a naturalness decision task, the present study suggested a clear naturalness preference for Chinese and Japanese temporal adverbs positions.

First, temporal adverb positions both before and after the subject were judged as highly natural by native Chinese speakers. According to the universal hierarchy of functional categories of adverbs (Cinque, 1999), Japanese temporal adverbs are categorized as IP adverbs (Koizumi, 1993; Koizumi and Tamaoka, 2006; Sun and Koizumi, 2011). The results of both Experiment 1 in Chinese and Experiment 2 in Japanese indicated that temporal adverb positions before and after the subject were judged to be highly natural. Therefore, Chinese temporal adverbs appear to also be identifiable as IP adverbs.

Second, the results of both Experiment 1 in Chinese and Experiment 2 in Japanese indicated that sentences with temporal adverbs before the subject were judged to be more natural than those with the adverb following the subject. Previous studies (He, 2011; Suzuki, 2014; Hirayama, 2017, 2019; Kanemoto, 2018) proposed that the basic position of temporal adverbs in Chinese is after the subject although the position before the subject is also acceptable. Other studies (e.g., Zhao, 2001; Liao, 2005; Guan, 2013) have proposed that temporal adverbs can be placed either before or after the subject. However, contrary to assumptions by previous studies depicted in Figure 5(i), the present study, illustrated in Figure 5(ii), concluded that the position before the subject was the most natural. This result may be explained within the framework of the topic-comment structure (Li and Thompson, 1981; Xu and Langendoen, 1985; Shi, 2000; Chao, 2011). A temporal adverb presented at the beginning of the sentence before the subject provides the time at which the rest of the sentence takes place. In this study, this information structure of temporal topicalization strongly appears to influence naturalness decisions by both native Chinese and Japanese speakers.

Third, contrary to the suggestion of “a slight preference for time to come before place” by Chao (2011), a temporal adverb occurring after a locative prepositional phrase was perceived to be very unnatural, or “incorrect”. This phenomenon is illustrated by an X in Figure 5(ii). Since Japanese temporal adverbs occurring after a locative propositional phrase were judged to be within the acceptable range, this unacceptability of this positioning in Chinese appears to be a unique occurrence. Unlike in many languages of the world, a verb in a Chinese sentence does not convey a clear indication of time. Therefore, there seems to be a clear tendency in Chinese for temporal information to be processed before locative information.

In sum, naturalness of temporal adverb positions perceived by native Chinese speakers indicated a clear tendency contrary to the preferred positions assumed from previous studies.



Preferred Temporal Adverb Positions Based on Chinese Proficiency

Frequency percentages for the three temporal adverb positions selected by native Japanese speakers learning Chinese as a foreign language also displayed a distinct tendency based on their level of Chinese proficiency. There were three major categories of preferred temporal adverb positions: (1) in relation to the locative prepositional phrase, (2) in relation to the position before the subject, and (3) in relation to the position after the subject.

The position after the locative prepositional phrase should be considered to be incorrect as it was perceived to be very unnatural in Experiment 1. However, as illustrated in Figure 6(i), native Japanese speakers with lower Chinese proficiency were most likely to choose this position (32.07%). As Chinese proficiency increased, the percentage selecting this position decreased: 18.43% by native Japanese speakers with the middle Chinese proficiency group in Figure 6(ii) and 9.15% by those in the higher Chinese proficiency group as seen in Figure 6(iii). Because this position was perceived as acceptable in Japanese temporal adverbs in Experiment 2, the lower Chinese proficiency group, and to some degree the middle Chinese proficiency group, may have experienced interference from their first language of Japanese. In contrast, the higher Chinese proficiency group may have acquired a sense that this position is incorrect. Level of proficiency in Chinese clearly reflected the unfavored selection of temporal adverbs positioned after the locative prepositional phrase.
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FIGURE 6. Preferred temporal adverb positions based on levels of Chinese proficiency.


For temporal adverbs occurring before the subject, the higher the level of Chinese proficiency by native Japanese speakers, the more often this was the preferred position. The percentages of selection increased steadily from the lower (24.46%) to the middle (34.13%) to the higher (46.08%) Chinese proficiency level. Those with higher proficiency may have applied temporal topicalization within a topic-comment structure (Li and Thompson, 1981; Xu and Langendoen, 1985; Shi, 2000; Chao, 2011). This information sequence would be applied to temporal adverbs occurring at the beginning of a sentence before the subject. Thus, this appears that a sense of suitable temporal adverb positions in Chinese is influenced by level of Chinese proficiency.

For temporal adverbs positioned after the subject, the order falls within the framework of the SVO basic order. This instructional approach is commonly practiced in order to avoid confusion in word order among Japanese leaners of Chinese as a foreign language in Japanese universities (e.g., Suzuki, 2014; Kanemoto, 2018). As shown in Figure 6, this application seems to be highly accepted by all three Chinese proficiency groups with selection rates at 43.48% by those with lower proficiency, 47.44% by those in the middle group, and 44.77% by those with higher proficiency. The Chinese teaching approach appears to be very effective for native Japanese speakers.



Implications

Both theoretical and educational implications regarding Chinese word order of temporal adverbs arise from this study.

The theoretical implication of the study is that the topic-comment information structure of topicalization will be viewed as the likely candidate for the determination of word order. In the past, word order of languages has been fundamentally determined based on syntactic structure. However, the present study has suggested that time information is placed at the beginning of the sentence in the form of temporal adverbs. This phenomenon of “temporal topicalization” could be further investigated using both spoken and written corpora. It should be assumed that in spoken language temporal adverbs occur more frequently before the subject while in written language temporal adverbs occur more frequently after the subject. In addition, this use of topicalization most likely reduces the cognitive load for sentence processing. Further studies could enhance our understanding of the efficient production and comprehension of speech, particularly in the context of foreign language acquisition.

An educational implication also arises from the present study. Future educational materials for use by leaners of Chinese as a foreign language could explicitly incorporate the initial findings from this study and from studies subsequent to this one. In particular, the following three points might be included in teaching materials: (1) temporal adverbs can be placed either before or after the subject, (2) temporal adverbs can be placed before the subject in the sentence-initial position as in the English “Last night we ate Shanghai crabs” to clearly indicate the time of an event, and (3) temporal adverbs should not be placed after a locative prepositional phrase.




DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Research Ethics Committee of Humanities Department at Nagoya University. The participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

KT constructed the theoretical framework, designed the experiments, performed the statistical analyses, and wrote the draft of the manuscript. JZ conducted the experiments, administered the Chinese comprehension test, and combined the data for the statistical analyses. Both authors contributed to the article and approved the submitted version.



FUNDING

This study was supported by the Grant-in-Aid for Japan Society for the Promotion of Science (#19H05589, PI: Masatoshi Koizumi at Tohoku University, Japan). The allotment of this grant to KT was managed by Nagoya University, Japan. This study was also supported by the Grant-in-Aid for Japan Society for the Promotion of Science (#21K13055, PI: JZ at the University of Miyazaki, Japan).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2021.783366/full#supplementary-material


FOOTNOTES

1Time words such as zuótiān “yesterday”, jīntiān “today” and míngtiān “tomorrow” in Chinese referred to as shíjiāncí “time words”. Yuan (2021) explained that shíjiāncí is classified as a sub-category of nouns, rather than of adverbs. However, in the present study, we treated time words as temporal adverbs.
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Reading comprehension is never considered a simple task in linguists’ views as it requires a full set of linguistic knowledge, such as word decoding, understanding syntactic and morphological structures, and deriving proper meanings from these structures in a given context. Bearing the simple view of reading, the primary goal of this study is to explore whether the split presentation of Chinese splittable compounds influences the recognition of the compounds in second language (L2) Chinese reading comprehension, and how the reading skills, i.e., word decoding and linguistic comprehension, cooperate to complete this reading comprehension task. Splittable compounds (SCs) in Chinese are typically verbs composed of two constituents with limited separability. The separable property of SCs and their vague morpho-syntactic status are supposed to cause difficulties for L2 Chinese learners in recognizing the compounds. Especially for those whose native language manifests lexical integrity, the split presentation of the compounds may invite the L2 Chinese readers to process them with a mechanism different from that for their non-split forms. To the best of our knowledge, the efforts on investigating this issue are insufficient. In this study, 27 Spanish speaking L2 Chinese learners were invited to complete tasks including reading and interpreting 6 selected SCs in the split and non-split forms, rating their familiarities with each SC and reporting the syntactic category of the SCs based on their existing linguistic knowledge. The results, showed that the split presentation of SCs did cause challenges for L2 Chinese learners in recognizing the compounds in the reading process, regardless of their Chinese proficiencies. The L2 Chinese participants performed significantly worse in recognizing split SCs in salient Verb-Object structures than recognizing those in unsalient Verb-Object structures. These findings underscore the importance of linguistic comprehension in L2 Chinese in-text word reading comprehension and suggest words as the basic processing units.

Keywords: splittable compounds, word recognition, linguistic comprehension, Verb-Object structure, decoding, L2 Chinese reading comprehension


INTRODUCTION: DECODING AND LINGUISTIC COMPREHENSION

Reading, though consisting of multiple “intricate workings of the human mind” (Huey, 1968: 6), can be viewed as simply involving two main tasks, decoding and linguistic comprehension (e.g., Fries, 1963; Venezky and Calfee, 1970; Perfetti, 1977; Gough and Tunmer, 1986; Hoover and Gough, 1990; Tunmer and Hoover, 1993). Decoding allows language in written form to be recognized, and linguistic comprehension includes the interpretation of given lexical information as well as syntactic structures and contextual implications. This simple view, as Tunmer and Hoover (1993) have emphasized, does not deny the complexities of the reading process, but addresses the importance of skills needed for language comprehension in addition to word decoding, such as determining the meanings of words in syntactic structures and deriving proper meanings from the structures in a given context.

Decoding in this simple view refers to a matching process from printed graphic representations to the mental lexicon. Considering orthographies across languages, two general types of decoding mechanisms have been proposed. The first, which is referred to as phonological decoding, hypothesizes that word recognition is accomplished by converting sequences of letters to phonological representations which are used to identify meanings in the mental lexicon (e.g., Tunmer and Hoover, 1993). The second mechanism proposes that graphic representations of words can be directly mapped onto the entries in the mental lexicon without phonological mediation. This strategy is referred to as direct access (e.g., Smith, 1973; Baron and Strawson, 1976). Phonological decoding is argued to be the primary route for reading alphabetic languages, especially for beginning readers, but when the orthographic representations have been established and enhanced in readers’ mental lexicon, words of high frequency can be recognized via direct access (e.g., Share, 1995; Schmalz et al., 2013). In other words, it is possible for alphabetic language readers, especially the advanced readers, to retrieve words automatically via the lexical cognitive route (direct access) (e.g., Coltheart et al., 2001; Häikiö et al., 2011). However, as Häikiö et al. (2011) addressed, the development of whole-word representations takes time and depends on the repetitive exposure to the words. Therefore, the phonological decoding strategy is still overprivileged and relied on when processing unfamiliar words in print.

For logographic languages, whose scripts do not specify phonological details, direct access is no doubt the dominant strategy for word recognition. Albeit a typical logographic script, the Chinese writing system contains a large portion of characters composed of both phonetic and semantic radicals, which also hypothetically allows both decoding strategies. Various studies have been conducted to prove the dual-route reading process for Chinese characters, but only weak sublexical phonological processing was found (e.g., Perfetti and Tan, 1998; Zhou and Marslen-Wilson, 2000; Zhang et al., 2012). There is no doubt that Chinese characters in print are able to activate phonological information, but it is still not clear if the activation is before or after the lexical access (Perfetti et al., 1992; Perfetti and Liu, 2006; Zhang et al., 2012). As Perfetti and Liu (2006) warned, phonetic radicals to Chinese characters are not the same as letters to words in alphabetic languages. Radicals themselves may be used as characters or words, while letters cannot. For example, 包 that can stand alone as a character/word also has a function of phonetic radical in words such as 跑 and 泡. However, 跑, 泡 and 包 are different in either/both onsets or tones in terms of pronunciation. In other words, phonetic radicals yield phonological information only partially related to the pronunciation of the character, and therefore it is unlikely that the pronunciation of unfamiliar characters can be precisely predicted via phonetic radicals. In contrast to alphabetic languages, the phonologically mediated semantic access is not reliable for orthographic processing in Chinese (e.g., Zhu, 1987; Feldman and Siok, 1999; Williams, 2013). By observing neural activities in visual word recognition, Zhang et al. (2012) found that although both phonological and semantic pathways were activated, the direct print-to-meaning mapping played a significant role in Chinese word reading comprehension.

According to Akamatsu (2005), the effects of first language (L1) writing system on second language (L2) reading cannot be easily reduced. Thus, given the differences between Chinese and alphabetic languages, the challenges faced by second language (L2) Chinese learners in Chinese character decoding is predictable. For Chinese learners whose native language is alphabetic, many of their script-dependent reading skills, such as the ability to distinguish shapes and sounds and to correspond sublexical written symbols to phonemes are not of much help in Chinese reading comprehension. Williams (2013) discovered that as phonetic radicals may not be reliable for predicting the whole character’s pronunciation, L2 Chinese learners’ phonological pathway for Chinese character decoding is less well established than the direct semantic pathway. Although L2 Chinese readers still tend to use phonetic radicals as decoding cues, as Williams (2013) argued, they use the radicals for orthographic disambiguation instead of phonological information.

A volume of literature has shown that the alphabetic language reading can be influenced by the orthography of words, such as orthographic shapes and letter case alternation (e.g., Fisher, 1975; Coltheart et al., 2001; Akamatsu, 2005). Although the direct lexical route is hindered, readers of alphabetic scripts can still achieve successful reading via the phonological route. In Chinese reading comprehension, since the phonological information is not as a strong predictor for lexical semantics as that in alphabetic languages, the presentations of words/characters are theoretically of great significance for accurate word/character decoding. The awareness of orthographic structures of characters has been argued of great importance to character decoding, especially for beginning Chinese readers (e.g., Tong et al., 2009; Yeung et al., 2013), but the orthographic skills in terms of radicals and sub-lexical processing are less strongly linked to multicharacter word reading (Pan et al., 2021). Successful character decoding cannot guarantee accurate Chinese reading comprehension, and it is necessary to address the difference between word recognition and character decoding in text-level reading. In Chinese, characters are the basic writing units, which can either stand alone as individual words or join to form multicharacter words. Thus, character decoding only partially contributes to multicharacter word reading comprehension. On one hand, words’ meanings are not always the simple composition of the semantics of each composing character, and on the other hand, in text-level reading comprehension, the formal continuity of a word’s composing characters in a string of characters should also be considered. In print, different from alphabetic scripts, Chinese words are not spaced, which implies that in text-level reading comprehension, sufficient linguistic analysis is required to determine which characters should be grouped for the retrieval of gestalt lexical semantics in the mental lexicon. The required linguistic analysis or comprehension includes recognition and use of grammatical structures (e.g., Gombert, 1992; Chik et al., 2012), and the structure awareness has been identified as a strong predictor in early Chinese reading comprehension (e.g., So and Siegel, 1997; Chik et al., 2012). Yeung et al. (2016) also addressed the interdependent relation between linguistic comprehension and word recognition in text-level reading comprehension. Pan et al. (2021) and McBride et al. (2003) demonstrated that character decoding and multicharacter word reading comprehension are associated but morphological awareness uniquely contributes to the latter. Thus, the accomplishment of Chinese multicharacter word reading comprehension requires not only accurate decoding of characters but also adequate analysis of both morphological and syntactic structures.

Within the simple view of reading, Chinese multicharacter word reading comprehension is in essence decoding as well, in terms of matching graphic representations with entries in the mental lexicon, though contextual information may be considered. Different from character decoding, however, multicharacter word recognition in Chinese is not independent of linguistic comprehension and especially in text-level reading, multicharacter word identification can hardly be completed without knowledge of lexical and syntactic structures. McBride et al. (2021) also suggested that in Chinese, the compounding feature and boundaries of a word in print also potentially complicate the reading process. Similar reading processes are hypothetically not common in alphabetic languages where the boundaries between words are clearly set by spaces in print. Thus, for L2 Chinese learners from the alphabetic language background, the complicated reading process composed of decoding and linguistic comprehension is supposed to be challenging. To the best of our knowledge, there is no previous research on L2 Chinese word reading comprehension considering the interdependent association between character decoding and linguistic comprehension.

The primary goal of this study, therefore, is to explore whether presentations of Chinese compounding words in print have impacts on L2 readers (without known reading disabilities in both L1 and L2) and how decoding and linguistic comprehension skills cooperate on the recognition of compounds in alternative presentations of compounds. Chinese splittable compounds (SCs) were selected as the research subjects. On one hand, the access to their gestalt lexical semantics requires adequate linguistic comprehension skills such as compound awareness, and on the other hand, the limited separability of composed morphemes provides possibilities of alternating their presentations without significant changes in their lexical meanings. The split forms of SCs further blur the boundaries of the words. Successful recognition of SCs in split forms theoretically requires cooperation of decoding and linguistic comprehension. Details about Chinese script reading and SCs are introduced next.



COMPLEXITIES IN CHINESE READING COMPREHENSION

In general, Chinese word reading comprehension requires information retrievals for both lexical and sublexical components (e.g., Koda, 2000), and thus studies on this topic usually focus on three aspects, viz., character recognition, compound awareness and word segmentation, as well as comparisons in these three aspects between Chinese and alphabetic orthographies, typically but not exclusively, English. As character recognition is mainly a matter of sublexical analysis that draws on knowledge of radical composition (e.g., Li and McBride-Chang, 2013), the latter two aspects are more relevant to the current study. Compound awareness and word segmentation in Chinese reading are somewhat interrelated. Compound awareness as a subset of morphological awareness can be defined according to Carlisle (2000) as the ability to reflect on and manipulate compounding components, i.e., individual characters in this research, while word segmentation concerns word recognition by identifying individual words embedded in unspaced character strings. During in-text reading, the former can be conceptualized as an operation of assembling and the latter as a dissembling process.

Given the visually unmarked word boundaries in written Chinese, word segmentation is no doubt important for fluent Chinese reading comprehension. It is by essence a chunking process, but different from spaced language scripts in which chucking occurs mainly at the phrasal level, it performs at the word level in Chinese (e.g., Valle et al., 2013; Yang, 2021). Li and Pollatsek (2020) postulated a model of word segmentation mechanism in Chinese reading comprehension. In this model, all characters in the perceptual span are supposed to be processed at the same time and multiple possible words containing these characters are simultaneously activated. According to this model, these possible words compete at levels of activation determined by frequency, compatibility with the context and other perspectives. When the contextually compatible words are recognized, the string segmentation is completed. This process is assumed to be particularly difficult for L2 Chinese learners whose L1 is spaced, as character decoding is not sufficient for accurate word recognition. It also requires linguistic comprehension such as compound awareness and contextual comprehension (e.g., Yen et al., 2012; Zang et al., 2016). The obscured definition of words in Chinese also incurs segmentation ambiguity with which L2 Chinese learners struggle a lot (e.g., Yang and Jiang, 2012). Yang (2021) reported that L2 Chinese learners felt stressed with word segmentation when reading Chinese aloud. Despite challenges as such, research shows that L2 Chinese learners are capable of applying morphological and syntactic knowledge, contextual information and prosodic implications to conduct word segmentation with high accuracy (e.g., Shen and Jiang, 2013; Yang, 2021).

Compound awareness is particularly a demanding skill for Chinese reading comprehension, for compounding is widely acknowledged as the primary word formation in Chinese (e.g., Taylor and Taylor, 1995; Huang, 1997; Packard, 2000; Ceccagno and Basciano, 2007; Chen et al., 2009; Tong et al., 2018). More than 75% of Chinese vocabulary are created via compounding (Taylor and Taylor, 1995). Anderson and Li (2005) hypothesized that Chinese reading requires higher compound awareness than English reading. The cross-language study conducted by McBride-Chang et al. (2005) has proven that compared to phonological awareness, compound awareness is more important in reading Chinese. Compound awareness is also suggested to contribute to lexical inference for L2 learners with Chinese words of different levels of semantic transparency (Chen, 2019). Along with it, cross-language transfer of compound awareness between the alphabetic script and the logographic script is also discussed in a volume of research (e.g., Kuo and Anderson, 2006; Zhang et al., 2010; Ramirez et al., 2011; Lin et al., 2018). Cross-language transfer, as defined by Genesee et al. (2006), is the tendency of learners to use linguistic knowledge of one language in learning another language. Ramirez et al. (2011) compared the performance of English language learners from Chinese and Spanish backgrounds in various morphological tests and found that Chinese English learners performed similarly to English monolinguals on English compound awareness while Spanish English learners, whose native language is the least productive with compounding, performed significantly lower.

In addition to the aspects presented above, another factor concerning word presentations, the linear organization of characters, in Chinese reading comprehension is also discussed in recent research. It has been proposed that words may not be processed in sequential order (e.g., Snell and Grainger, 2017; Mirault et al., 2018; Liu et al., 2021). Previous studies (e.g., Taft et al., 1999; Zhang et al., 2004; Bai et al., 2011) on this topic focus on reversible Chinese compound reading, i.e., transposed-character effect. This effect concerns the compounds which consist of the same morphemes but are presented in a reversed order. For example, the compounds 牛奶 “cow milk” and 奶牛 “milk cow” form a transposed-character pair. Liu et al. (2014) argued that as Chinese readers process compounds at the word level, the positional information at the character level is not that important. They also suggest that Chinese readers are not very sensitive to the position of composing characters in compounds. Beyond the word level, the alternation of word orders in Chinese signifies changes not only with meanings but also with the syntactic relation (e.g., Li and Thompson, 1981; Yang et al., 2009; Liu et al., 2021) and the transposed effect is not expected to be obvious, as readers may attach more attention to the word order. Liu et al. (2021) studied this transposed effect at the phrasal level (e.g., 她在看见山上云) and found that the transposed-word effect was influenced by context. The transposed-word effect was weakened if no context was provided before the transposed words. This observation is in line with the parallel processing model introduced above, and the readers can swap the implausible order of the words identified in the visual span based on the context. However, as Liu et al. (2021) pointed, it is not clear if such an effect exists in the L2 reading processing.

Inasmuch as words and phrases in Chinese are not clearly distinguished, it is potentially possible to explore the influence of another type of character organization on reading comprehension, namely the discontinuous presentation of words in print. According to the existing studies, morphological analysis is primarily applied to process the adjacent presentation of composing characters in word reading comprehension (Liu et al., 2014) and syntactic structure awareness is a demanding ability in reading the reversed order presentation of strings of words (e.g., Liu et al., 2021). It is not yet clear that when processing the discontinuous presentation of compounds that potentially straddles lexical and phrasal structures, which linguistic knowledge is applied and how the choice impacts the reading comprehension. The L2 reading of Chinese SCs in their split forms can be taken as a case in point.



CHINESE SCs AND L2 CHINESE LEARNERS’ ACQUISITION

Chinese SCs, which are known as “lihe ci” among Chinese linguists, like most Chinese words, are typically composed of two characters (or morphemes), and each character can stand alone as an individual word. They are commonly used as verbal structures in modern Chinese (Siewierska et al., 2010; Wang, 2011; Xu and Li, 2014). According to the syntactic relation between the two composing characters, SCs can be roughly grouped into three subtypes, verb-object SCs (V-O SCs), verb-complement (resultative or directional) SCs (V-C SCs) and subject-verb SCs (S-V SCs), among which V-O SCs are the most productive (Zhu, 2006; Wang, 2011). Zhu (2006) also identified a coordinative subtype, such as 游泳 “swim,” in which the two morphemes are synonymous, but many linguists (e.g., Wang, 2011; Xu and Li, 2014) treat them as V-O structures as well. Thus, they are also grouped into the V-O subtype but labelled as pseudo V-O SCs in the current study.

What makes this type of compound special is the fact that the two composing characters can be separated by inserting limited types of functional or grammatical structures. In their respective corpus-based studies, Siewierska et al. (2010) and Wang (2011) identified several types of constituents that can be inserted between the two characters of SCs, among which aspect markers, such as 了 le (perfective), 过 guo (experiential), 着 zhe (durative), are the most common (more than 50%). Quantificational expressions, classifier structures, and pre-modifiers that modify the tails of SCs are all ranking high on the list of typical insertions in split SCs. The combinations of these constituents are illustrated in (1).

(1) a. Aspect marker

说过话 speak ASP speak “to have talked”

b. Quantificational expression

读点书 read some book “to do some reading”

游两次泳 swim two times swim “to swim twice”

c. Classifier structure

吃三顿饭 eat three CL rice “to have three meals”

跑个步 run CL step “to have a run”

d. Pre-modifier

排长队 queue long row “to queue in a long line”

跳5分钟的舞 dance 5 min dance ‘to dance for 5 min’

Despite the split usages of SCs, their lexical semantics is not necessarily influenced. As indicated in the examples above, the meanings of the split forms are not simply the combination of individual characters, and the idiomatization between the two composing characters of SCs cannot be neglected.

Thus, the dispute about SCs in literature has centered on their morpho-syntactic status, as no one can turn a blind eye to the conflicts between the gestalt lexical semantics of SCs and their violation of the Principle of Lexical Integrity (PLI, Lapointe, 1980), which states morphological words cannot be separated by syntactic operations. Chao (1968) advanced an “ionization” view of SCs by an analogy with chemistry in the sense that a compound is a unit whereas its components can separate. Huang (1984) rejected Chao’s idea of “ionizable words,” as this concept is hard to be defined precisely. Instead, following formal principles, Huang (1984) grouped SCs as phrases but with idiomatic meanings. Lü (1979) provided a prudential solution, suggesting the existence of a transitional category in morpho-syntax, and it is widely accepted. Unlike most verbal phrases, Li and Thompson (1981) pointed out that the idiomaticity and separability of SCs are not predictable. Some SCs (such as 吃饭 “lit. eat rice” = = “eat”) are semantically transparent but some are not (e.g., 担心 “lit. carry heart” = “worry”). Although, as Wang (2011) observed, for most SCs, non-split forms are their normal forms, the separability of individual SCs is not the same. For example, 帮忙 “help,” is more frequently used in the split forms compared with走私 “smuggle” that is rarely split. Hence, SCs form a continuum that represents a transition from phrases to compounds. Siewierska et al. (2010) also approved this view and further specify that SCs split by aspect markers are compounds, but those split by modifiers (including nominal classifiers and other pre-modifiers) attached to the tails are phrases.

The morphological and syntactic complexities of SCs also create great challenges for L2 Chinese learners, and many studies have been conducted on this topic. All existing studies notice that L2 Chinese learners are reluctant to use SCs in their split forms when needed, regardless of their language backgrounds or their Chinese proficiency levels (e.g., Ma, 2008; He, 2009; Shen, 2019). The learners tend to find the equivalence of SCs in their L1 and observe their native lexical rules when using SCs. For example, VO SCs are generally intransitive in Chinese, but they have transitive verbal equivalence in other languages. A typical form of errors made by Korean L2 Chinese learners, as observed in Lin (2005) and Yang (2006), was that they often added the objects directly after the SCs following the correct word order in Korean. This error type was also identified among learners from English and Russian backgrounds (Qin, 2020; Valeriya, 2021). Hou (2021) made some interesting observations by analyzing the errors involving SCs made by Japanese speaking learners. Since Chinese characters, namely Kanji, form a portion of the Japanese vocabulary, many Chinese SCs have homographs in Japanese, albeit syntactically and semantically different. Some Japanese homographs are words that cannot be split in the same way as their counterparts in Chinese, but some are phrases. Japanese speaking learners typically avoided using split forms of Chinese SCs whose Japanese homographs are lexical. When using Chinese V-O SCs whose Japanese homographs are phrasal, Japanese speaking learners were found to reverse the order of the two morphemes in split forms. Learners from English (Qin, 2020), Spanish (Xing, 2021) and Russian (Valeriya, 2021) backgrounds prefer to place aspect markers after SCs instead of inserting them in between. The transfer of morphological knowledge in L1 may be the cause for these errors, as English, Spanish and Russian, which are typologically different from Chinese, rely on inflectional changes at the end of verbs to express aspectual meanings.

All these existing studies imply that the main cause for the errors made by L2 Chinese learners when using SCs is the learners’ low awareness of this structure. The learners fail to identify the compounds which are splittable in Chinese and therefore carry over the parameter settings in their native languages to Chinese. As Schwartz and Sprouse (1996) hypothesized, this transfer is typically observed at the early stage of second language acquisition and may be weakened along with the development of second language proficiency. Shen (2019) conducted a study on the familiarity awareness and comprehension of SCs among L2 Chinese learners in the United States. The results show that there was a significant increase of mastery of split SCs between the end of the second-year and the third-year study, yet the overall awareness of the split use among all proficiency levels remains low.

To the best of our knowledge, however, there lacks such research exploring the comprehension or recognition of split SCs in the L2 reading process. Challenges faced by L2 Chinese readers lying in decoding and linguistic comprehension can be reasonably assumed. In split forms, the composing characters of SCs are not presented adjacently in a string of characters, and the segmentation process, therefore, is conducted beyond the word level. The L2 reading process of split SCs is therefore complex. It is possible for L2 Chinese learners to map the two discontinuous characters onto separate entries in their mental lexicon and fail to extract their gestalt lexical semantics. It is also possible for L2 readers to access a neighbor entry that is similar in form to the target word based on the incomplete presentation of the SC. In terms of linguistic comprehension, the separability of SCs straddles the lexicon-syntax division and runs afoul of PLI, which is rare in other languages. L2 Chinese learners, especially those from alphabetic backgrounds, lack experience in processing such structures in their L1. They may still rely on their native linguistic knowledge in reading SCs, which may prevent them from appropriate SC structure analysis.

The current study is designed to validate the hypothesis that both compound awareness and syntactic structure awareness are activated in the Spanish L2 reading comprehension of the split SCs. The selection of Spanish L1 was based on the following facts. First, it does not allow sublexical elements of compounds to be moved by syntactic rules following the PLI (e.g., Slobin, 1996; Los et al., 2012; Iacobini, 2015). Second, it differs dramatically from Chinese in both script types and primary word-formation processes. Spanish is an alphabetic language in which letter-phoneme correspondence is highly predictable, and therefore, the phonological decoding is privileged for Spanish speakers. In contrast, Chinese is a logographic language, and its characters as the basic writing units do not correspond to sounds in the same way. As argued above, in Chinese reading comprehension, the association of phonology and character/word decoding is not as strong as that in Spanish. In addition, due to the lack of derivational morphemes, compounding is widely acknowledged as the dominant word formation in Chinese, while it is the least productive in Spanish. As Ramirez et al. (2011) demonstrated, compound awareness among Spanish speakers is very low. These contrasting features may potentially cause challenges for Spanish L2 Chinese learners in decoding and linguistic comprehension when encountering split SCs in Chinese reading comprehension.

Accordingly, we designed a reading-interpreting online test for Spanish L2 Chinese learners. The word reading comprehension was assessed by their recognition accuracy reflected on the split SC interpretations, and the skills related to linguistic comprehension applied were discussed by analyzing their reading strategies. The translations of isolated non-split SCs were taken as a reference of the participants’ decoding skills. The role played by their L1 linguistic knowledge in reading split SCs was also investigated. Thus, the current study aims to address the following three specific research questions:


1.To what extent are the Spanish L2 Chinese learners able to recognize SCs in their split forms?

2.What are the challenges faced by the Spanish L2 Chinese learners in the in-text split SCs reading comprehension? What are their strategies to tackle the challenges?

3.To what extent are the Spanish L2 Chinese learners sensitive to the structures that deviate from PLI held in their L1 linguistic knowledge?





MATERIALS AND METHODS


Participants

A total of 27 L2 Chinese learners from Spanish background participated in the study. None of them was known for nonverbal reasoning or other learning disabilities. In order to minimize the influence of other languages, such as Japanese and Korean which orthographically resemble Chinese, all the participants selected do not have or had only limited knowledge of other East Asian languages. In addition, the family languages used by the participants did not include Chinese. Based on the information collected from a family questionnaire designed by the researchers, all the participants had received formal and intensive Chinese language instructions for at least one year and were able to recognize daily used Chinese characters in print. Among them, 24 have passed the HSK test (a standardized test for Chinese proficiency) of different levels (2 of Level II, 10 of level III, 9 of Level IV, and 6 of Level V), and 3 have achieved the advanced Chinese proficiency equal to HSK IV and above as assessed by Zhejiang University. To create a control group, 35 Chinese native speakers from universities in Hangzhou (China) who were not linguistic majors were invited to participate in the study. They were assumed highly literate and able to recognize the non-split SCs selected in the test.



Design and Materials

6 SCs of two internal structures (3 of pseudo V-O structures and 3 of V-O structures) were selected and presented in their split and non-split forms (see Table 1). There were altogether 14 sentences hosting the split forms of the 6 SCs, and the sentence codes were given following the order of presentation in this reading test.


TABLE 1. Testing materials.
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Considering the participants’ Chinese proficiency levels, all the characters used to compose the materials were selected based on the HSK Level III vocabulary list (Hanban, 2012), which ensured most of these words and characters involved in the test were familiar to most of the participants. Productivity and semantic transparency were also considered during the process of SC selection, as these factors are supposed to have an impact on compound awareness in literature (Zhang et al., 2010; Chen, 2019). The SCs selected for the test were regarded as productive mainly for the following two reasons. First, Wang (2011) has discovered that most SCs (77%) designate activities commonly experienced or conducted by people. Second, the 6 SCs were all picked from the HKS vocabulary list for learners who are expected to master about 2,000 Chinese words. Thus, it is reasonable to assume they are frequently used in daily life and therefore productive.

Although inevitably, the selected 6 SCs varied in semantic transparency and separability, we tried to control these impacts. Pseudo V-O SCs, in general, are less transparent than V-O SCs (e.g., Wang, 2011) because their composing morphemes by nature do not have the V-O relation. We then selected the pseudo V-O SCs (跳舞 “dance,” 学习 “study,” 游泳 “swim”) that are originally V-V structures composed by two synonyms but treated like V-O structures in modern Mandarin. The three V-O SCs (吃饭 “eat,” 跑步 “run,” 排队 “queue”) are all semantically transparent, and each composing character can correspond to a single word in Spanish. With the BCC corpus developed by Beijing Language and Culture University Corpus Centre, the separability of each selected SC was calculated based on the formula proposed by Wang (2011), as shown in Figure 1.
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FIGURE 1. Separability of the selected SCs.


In order to reflect the real use of split forms of SCs while minimizing the influence of context, simple sentences hosting the split SCs were selected from the BCC corpus. The choice of insertions, which may influence the readers’ syntactic analysis, was also carefully considered. Table 2 lists the types of insertions and their corresponding sentence codes.


TABLE 2. Insertions.
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In 3 testing sentences (S9, S11, and S12), only aspect markers 着 zhe (progressive), 过 guo (experiential), 了 le (perfective) were applied. The nominal classifier and the verbal classifier with numerals were chosen for 2 testing sentences (S4 and S10) forming a contrast, as the former is typically used to quantify entities denoted by the adjacent nominals, and the latter indicates the occurrence frequency of the activities designated by verbal constituents. 个 ge was listed as a separate type of insertion (in S13 and S14) from other nominal classifiers because个 ge in the postverbal position has been argued for aspectual function in the relevant literature (e.g., Shi and Lei, 2004; Wu, 2004). Quantitative expressions denoting quantity (S2 and S6) and temporal duration (S7) as well as premodifiers in the form of 的 de structure denoting quality (e.g., 很长的 “very long” in S3 and 三十米的 “of three meters” in S5) and temporal duration (such as 一晚上的 “a night of” in S8) were all used as insertions. For the sake of grammaticality and acceptability, aspect marker 了 le was inserted together with other types of insertions in the testing sentences S1, S3, and S8. The length of the insertions ranged from one to four characters, and the average was two.

Xu and Li (2014) have warned that the translations of split SCs are less stable than their non-split forms and thus we tried to limit the diversity of possible Spanish correspondences across individuals by manipulating the structure of the sentences. In addition, we also composed a “fake split form” involving the characters of 跑步, as in 跑了几步 “ran a few steps.” It is a phrasal structure, whose syntactic structure and meaning were both different from the split form of the SC. In this “fake structure,” the verb 跑 “run” is sufficient to designate the activity, and the following noun phrase (NP) is its object. In the NP, the noun modified by the quantifier is referential and can be identified independently from the activity. We expected participants’ diverse performances regarding these features.



Procedure

Due to the COVID-19 pandemic, each participant was accessed online via Zoom or DingTalk, in a 30-40 min’ session. The whole session consisted of two parts. The first part involved 14 reading-interpreting tasks, and the second was a brief interview regarding the SCs chosen in the test. After being explained the instruction, the participants were first required to interpret each sentence involving the split SCs as presented one by one on the screen into Spanish. Then, they needed to type and send the final interpretation they just said via message. We assumed that a very recent previous reading experience of non-split SCs might influence the recognition of their split forms, and to avoid such possibility, each participant was first expected to interpret 14 sentences. They were allowed to skip sentences if they could not complete the task. In the second part, 6 non-split SCs involved in Part One sentences were presented without any context, and the participants were asked to translate them into Spanish. In addition, the participants needed to rate how familiar they were with these 6 SCs ranging from 0 to 5. “5” meant that they were very familiar with the SC, while “0” indicated that they rarely came across with the expression. After this, the participants were asked to identify the grammatical category of each SC as presented in their non-split forms. No clear definitions of words and phrases were given, and the participants were expected to make the decision based on their own linguistic knowledge and intuition. For the convenience of statistical analysis, the phrasal status of SCs was coded as “1” and the lexical status was coded as “0.” Finally, they were interviewed about their previous Chinese learning experience related to SCs. During the whole session, participants were free to communicate with the examiners, comment on the tasks and express their struggles.

In addition, the control group were invited to complete an online questionnaire, in which the 14 testing sentences were listed, and all the 6 SCs embedded in these sentences were presented following each sentence. The control group needed to select the correct SC involved in each sentence. If they did not select the correct SC or stated none of the given SCs appeared in the sentence, they were counted as unsuccessful cases in the task.



Data Analysis

By message documentation and video transcription, the original data were collected. The data were further coded by the two raters, judging whether the participants could recognize each SC in their split and non-split forms. The internal consistency reliability was 99%. The successful recognition of an SC was marked when the SC was interpreted into Spanish correctly, and the results were measured by nominal variables with two labels: Recognized (R) and Not Recognized (NR). IBM SPSS 26.0 and Microsoft Excel were used to conduct the statistical analyses.

First, we compared the reading comprehension performance of split SCs in 14 sentences between participants of different Chinese proficiency levels using related-samples non-parametric tests, i.e., Wilcoxon test. Second, we created a table to show the recognition situation of each non-split SCs among the Spanish participants. We considered that failure in recognizing the non-split SCs indicated the lack of knowledge of the words, and it may interfere with the results for the central interest. Thus, the rest report on the recognition of each split SC involved only the performances of the participants who successfully recognized the word’s non-split form. We presented the results of the split SCs’ recognition task based on the table created in the second step and summarized the accuracy rate among Spanish participants. After this, we compared and contrasted the average error rate in recognizing the two types of SCs: pseudo V-O SCs and V-O SCs, aiming to discover the influence of SCs’ internal structure. Finally, the differences in error rates related to each insertion type (except “fake structure”) were examined by an independent-samples non-parametric test, namely, Mann-Whitney U test.




RESULTS

The responses of a total of 27 Spanish participants and 35 Chinese participants were included in the statistical analysis. According to their HSK results, all the Spanish participants were initially grouped into two: intermediate level (HSK levels II and III) and advanced level (HSK level IV and V). The descriptive data of the two groups concerning the split SC recognition were presented in Table 3 along with the control group. Three types of errors related to SC recognition were observed among the Spanish participants. One was that the participants failed to give an interpretation of the sentence due to the split structure, and the second was that they mistook the given split SC for another word and produced an incorrect interpretation. For example, one participant interpreted 跑步into caminar “walk” in all the sentences hosting the split 跑步 but successfully recognized it when presented in its non-split form. A third type was that some participants improperly interpreted the tail morpheme in the SC. For example, 游30米的泳was interpreted into nadar 30 piletas “to swim 30 swimming pools,” which does not make any sense. In the control group, no one selected the incorrect SCs but some stated none of the given SCs appeared in the sentences.


TABLE 3. Split SC recognition in each testing sentence.
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In addition, the related-samples non-parametric tests, i.e., Wilcoxon tests were conducted to compare the error rate in recognition between the groups of different Chinese proficiency levels. There was not a significant difference in the performance between intermediate and advanced L2 learners (test statistic = 16, p = 0.147), but the control group performed significantly better than the advanced L2 Chinese learners in terms of recognizing the split SCs (test statistic = 0, p = 0.001). As the Spanish L2 learners’ Chinese proficiency was not the main contributor to the recognition of split SCs in the current study, it was not considered as a variable in the following report and analysis.


Recognition of Non-split SCs

Table 4 presented the accuracy and error rates of recognizing the 6 non-split SCs without contexts. It was shown that all 27 participants correctly recognized the non-split 跳舞, 学习 and 吃饭. The preponderant percentage of successful recognition (100% for 跳舞, 学习 and吃饭, 96.30% for 游泳, 88.90% for 排队 and 81.50% for 跑步) and the general familiarity across participants with these SCs (Mean = 4.5, SD = 0.57) showed that the SCs selected were suitable for the participants’ Chinese proficiency levels on the whole. In the interview, all participants deemed the words basic and easy to recognize, although some of their translations were not correct.


TABLE 4. Recognition of non-split SCs.
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Recognition of Split SCs

Table 5 based on the results from Table 4 exhibited the recognition accuracy of SCs in their split forms among the participants. As shown in Table 5, all those who could recognize non-split 学习 succeeded in recognizing its split form in S6 and S11. For 跳舞, although some Spanish participants made errors with S4, all of them successfully recognized it in S9. For the V-O SC吃饭, a similar pattern was observed. 2 Spanish participants failed in recognizing 吃饭in S2, but no one had any problem with S12. As to the rest of the SCs, 游泳, 跑步 and 排队, wrong or null answers were given in each recognition task with their split forms, even though they were all correctly recognized in the non-split forms. Specifically, in recognizing 游泳, among all the participants who know the non-split SC, 2 failed in S5, 2 made a mistake in S13, and one did not successfully recognize it in both S10 and S13. In S3 and S8 that hosted 排队, three wrong or null responses were observed in each, and one participant failed in both. Most participants struggled with S1, which was a phrasal structure. The error rate of this fake split SC structure was as high as 68.20%. In contrast, only one Spanish participant made a mistake with 跑步 in S7, and another 4 could not recognize it in S14.


TABLE 5. Recognition of split SCs.
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In addition to Table 5, it was interesting to find that 2 participants who could not recognize 跑步 in its non-split form reported the correct interpretation when the composing characters of 跑步 were presented separately. According to the above observation, the participants did not show consistency in recognizing the same SC in different sentences, suggesting that the contribution of structures (both morphological and syntactic) should be taken into consideration. Thus, the following sections reported the influence of morphological structures and syntactic structures on the reading task.



Pseudo or Non-pseudo V-O Contrast

Based on the recognition accuracy of split SCs among the Spanish participants, we observed that it seemed more challenging for the L2 Chinese learners with V-O SCs (吃饭, 跑步 and 排队) than the pseudo ones (跳舞, 游泳 and 学习). To further illustrate the difference, the average error rate of these two types of SCs was calculated. As shown in Table 6, the average error rate with V-O SCs (15.50%) was almost three times higher than that with pseudo V-O SCs (5.22%).


TABLE 6. Error rate concerning the SC types.
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Also, in the following interview, all participants reported that they were familiar with these SCs, but they were indecisive when identifying the SCs’ syntactic category. Albeit the struggles, a general agreement on the lexical status of pseudo V-O SCs (学习, 游泳and 跳舞) could be observed, as shown in Figure 2.


[image: image]

FIGURE 2. Syntactic category of SCs based on the L2 Chinese learners’ intuition.


排队 as shown in Figure 2, was considered as a phrase by most of the Spanish participants, and the error rates with S3 and S8 were high as well. In a similar fashion, 吃饭is located toward the phrasal end in Figure 2 and the error rate with S2 hosting 吃饭was high, too. However, no one failed in recognizing 吃饭in S12, and the most obvious difference between the two sentences lies in the types of insertions between the two composing characters.



Contribution of Insertions to the Recognition of Split SC

The observation in 3.3 regarding the types of insertions encouraged us to investigate the influence of this aspect on the recognition of split SCs. We created Table 7 presenting the average error rates of each insertion type in a low to high order. As the “fake structure” was deliberately composed as a contrast, it was applied in addition to the 8 types of insertions as a polar indicator.


TABLE 7. Error rate concerning the insertion types.

[image: Table 7]
It was shown that the participants found reading the “fake structure” challenging. Insertions of nominal classifiers (including ge) and premodifiers in the form of de structure also generated challenges for the participants in the reading comprehension. The results in Table 7 implied that Spanish participants’ reading process was less disturbed when reading sentences in which verbal classifiers and quantificational expressions (Quan and Temp) were used as insertions. Thus, Table 7 vaguely suggested a processing difficulty scale of insertion types, on which quantifiers (temporal and quantitative), verbal classifiers and aspect markers were located toward the easy end.

For a more general observation, the insertions were further merged into two groups based on their functions. Nominal classifiers (including ge) and de structures formed a group as they are typically used as premodifiers for nouns. Quantificational expressions that can be used as adjuncts were grouped together with aspect markers and verbal classifiers, as all of them function over verbs or verbal phrases. The former was referred to as modifier group and the latter was adverbial/aspectual group. The “fake structure” was not merged with either group. An independent-samples non-parametric test (Mann-Whitney U Test) was adopted to examine the group differences. The result indicated that the modifier group was significantly more challenging than the adverbial/aspectual group (test statistic = 3, p = 0.01).




DISCUSSION

To summarize the results, we found that the split presentations of SCs had an impact on Chinese word reading comprehension among the Spanish participants as they failed to recognize the known SCs embedded in some simple sentences. Their recognition performance was significantly worse than Chinese native readers, and the contribution of their Chinese proficiency was not statistically significant as shown in the result. The awareness of syntactic relation between two composing characters of SCs was observed as a significant contributor to split SC recognition. The participants performed significantly better with pseudo V-O SCs than with V-O SCs. Also, there was a general agreement among the Spanish participants on that compared to the SCs of the V-O internal structure, pseudo V-O SCs were more lexical. Taking the insertions into consideration, we found that the split SCs with insertions of pre-nominal modifiers (modifiers of de structures and nominal classifiers) were more challenging for the participants than those separated by adverbial and aspectual expressions (quantificational expressions, verbal classifiers and aspect markers).

To further elaborate on the first research question, the failure in recognizing the known SCs in split forms indicates that the word decoding process of Spanish L2 Chinese learners was interrupted by the discontinuous presentation of the composing characters. As described in 3.1, three types of errors were observed related to SC recognition, which can be referred to as null recognition, misrecognition and over-recognition. For null recognition, 7 participants were not able to retrieve the words in their mental lexicon based on the representations in print in 13 sentences. However, they could successfully map the non-split forms onto the correct lexical entries, which indicates that the separate presentation of SCs’ composing characters hindered the direct lexical access. In the cases of misrecognition, which was also the error type of the most occurrences as exhibited in the data (N = 24), the Spanish participants confidently matched the orthography with the incorrect semantics. For example, 10 participants interpreted the split forms of 跑步 “run” in 14 sentences as caminar, which is equivalent to 散步 or 走步 “walk” in Chinese. 4 participants mistook split 游泳 “swim” for 旅游 “travel,” as they used viajar in 5 sentences in their responses. However, none of these participants made such errors in the non-split SC translation task. Similar to the first type, the participants possibly started the decoding process based on the incomplete word form and mapped it onto a different meaning whose representation in orthography is similar to the target SC in print. Over-recognition was not as common as the other two, and only 4 people overtly interpreted 泳 in 游泳 as pileta “swimming pool” in 4 sentences. In other words, the participants attempted to decode the composing characters of an SC separately and retrieve each character as an independent word. This type is different from misrecognition in that in over-recognition the tail morpheme of the SC was salient for the reader. All these errors were related to the discontinuous presentations of SCs and the participants’ awareness of this morphological structure that was not strong enough to help them pick and join the composing characters together in the perceptual span.

With respect to the second research question, we attempted to address the challenges faced by L2 Chinese learners in reading split SCs and their strategies to tackle them. Taking the statistical analysis together, the main factors affecting L2 Chinese learners’ SC recognition were the composing characters’ syntactic relation and types of insertions. More precisely, measures indicated that the awareness of the V-O structure was disruptive to split SC reading. The participants’ performance was better with pseudo V-O SCs, in which the semantic relation between the two characters is obscure, than with V-O SCs, in which the semantic relation is transparent. Furthermore, in consistent with the statistical results, most misrecognition and null recognition occurred with SCs inserted by modifiers of de structures, nominal classifiers, which are typical constituents of NPs. Yang (2021) reported that L2 Chinese learners tended to attach classifiers and modifiers to the following characters when conducting word segmentation tasks. Thus, the tail character in an SC was likely to be grouped with these insertions as nominal, and with the preceding verbal morpheme, it was natural to establish a V-O relation between the two parts. On the contrary, the insertions that were shown easier to process in SCs, such as aspect markers, verbal classifiers and quantitative expressions are more verbal related and did not promote the saliency of object role of SC tails.

The difference in recognizing split SCs of the salient V-O structure and those of the unsalient V-O structure implied that it was unlikely that both types of SCs were processed via the same mechanism. The salient V-O structures were possibly processed as phrases, and the composing characters were decoded separately as single-character words. The unsalient ones were comprehended via mapping the composing characters jointly onto a single entry in the mental lexicon. In the interviews, when asked about the criteria applied in categorizing SCs, most participants expressed that based on their native linguistic knowledge, if the SC could be analyzed as a V-O structure, it was less likely to be a word. Thus, it is reasonable to predict that L2 Chinese learners may fail to recognize the split SCs of the salient V-O structure with the absence of compound awareness. In other words, they may fail to decode the SCs in these structures as a whole and instead, process the expressions character by character. This assumption was approved in many responses of the participants. When interpreting SCs inserted by modifiers of de structures and nominal classifiers, the participants tended to express the tails overtly. For example, many participants struggled with 跳两支舞 “dance two dances” in which a nominal classifier structure was inserted. They explained that it sounded strange in their native language if 舞 “dance” was expressed. The over-recognition errors were also related to this assumption. The participants who over-recognized 泳 as pileta explained that the meaning seemed incomplete if this piece of information was not expressed. Thus, we predicted that the salient object role of the character 泳 motivated decoding.

The split presentation of SCs was not unhelpful at all. We noticed that L2 Chinese learners relied on composing characters in processing less familiar SCs in some cases. For instance, 2 participants who could not recognize 跑步 in its non-split form reported correct interpretations when the composing characters of 跑步 were presented separately. They explained in the following interview that they inferred the meaning of the expression from the context and also by recognizing the character 步 that indicates either running or walking. This strategy is in line with the processing architecture proposed in previous research (Taft and Forster, 1976; Taft and Ardasinski, 2006; Treiman and Kessler, 2014), in which the salient constituent is the access unit for the whole compound retrieval. The strategies applied by L2 Chinese learners can thus be illustrated with this model hinging with word segmentation mechanism in Chinese. The L2 Chinese learners processed a span of characters in parallel and picked the salient characters for lexicon mapping. The activation of words depended on their language using experience, contexts and perhaps lifestyle. This model can be applied to explain the misrecognition as well. The participants picked the salient characters 步 “step” and 游 “swim/travel” in their respective expressions but activated the wrong words composed by these characters though seeming contextually appropriate.

The interactive model of decoding and linguistic comprehension facilitated L2 Chinese learners’ reading comprehension of split SCs. When the character decoding process failed, linguistic comprehension (structure analysis) took the charge. We are not proposing the bottom-up reading model, in which decoding precedes linguistic comprehension. But as Gough (1972) commented, guessing is helpful but not a sign of normal reading. It is a result of poor decoding (Nicholson, 1993). Thus, the interactive model applied by L2 Chinese learners was double-edged. While assisting L2 Chinese learners to overcome decoding breakdowns, it may block the access to gestalt lexical semantics of SCs and therefore lead to unsuccessful reading comprehension. Unlike native speakers who also apply the interactive model (e.g., Yang, 2021), L2 Chinese learners do not have sufficient vocabulary knowledge, morphological awareness, and other relevant knowledge to guarantee successful guessing. When the insertions in split SCs were modifiers and nominal classifiers, the saliency of the tail character was promoted. In the reading comprehension of such structures, the syntactic structure analysis may overwhelm the necessary morphological analysis and encourages L2 Chinese learners to comprehend the character independently from SCs. Therefore, the learners may fail to grasp the accurate gestalt lexical semantics of SCs.

For the third research question, we assumed that as Spanish following PLI does not allow syntactic analysis to compounds, the native linguistic knowledge may actively block the morphological analysis and lead the L2 Chinese readers to process the split SCs with syntactic strategies. However, it was only partially correct, as L2 Chinese participants only struggled with split SCs of the salient V-O structure and were not sensitive to the unsalient V-O structure in general. They also ignored the insertions in some cases. For example, 4 participants neglected the approximate quantifier 点 “a bit” in 学点习 “study a bit” in their interpretations, and none of the 27 participants showed or expressed any confusion with SCs separated by aspect markers. These insertions in split SCs providing aspectual or other action related information are supposed to be comprehended with verbal constituents (either the first composing morpheme or the whole SCs) without salient cues for objects. Thus, L2 Chinese learners only needed to access the verbal semantics without analyzing the internal compound structure. In contrast, when the V-O structure of split SCs was promoted, the L2 Chinese learners, in lack of compound awareness, may be confused when handling gestalt lexical semantics and phrasal structures at the same time. In other words, PLI held in their L1 morphological knowledge obstructs their whole-word recognition of SCs in salient V-O structures. The recognition accuracy rate of S2 and S12 in Table 5 approved such an assumption. 饭 in 吃好多好多饭 (S2) was overtly expressed as arroz “rice” by 2 participants, but such a case was not found in S12. The insertion in S2 was a quantitative expression, and in S12 was the aspect marker 着. The former indicated the quantity of food, but the food was not necessarily to be rice. The awareness of the V-O structure boosted by the insertion misled the participants’ comprehension of the tail character. In addition, when doing the second task, most participants stated that it was more difficult to figure out the syntactic category of non-split SCs than to interpret the sentences involving their split forms. They had no problem with recognizing and translating these non-split forms, but the conscious awareness of the V-O structure of some SCs contradicts their existing L1 morphological knowledge.

In sum, the split presentation influences the SCs’ recognition among L2 Chinese learners in the reading comprehension. The successful recognition of split SCs requires an interactive model of both decoding and linguistic comprehension. What makes this task more challenging for L2 Chinese learners is their L1 linguistic knowledge that actively blocks the morphological analysis in reading split SCs, especially when the V-O relation between the two composing morphemes is salient.



CONCLUSION

This study probed into L2 Chinese learners’ in-text word reading comprehension, with a particular focus on the reading process of Chinese SCs in the split forms. The results suggested that L2 Chinese learners found processing the split SCs challenging, especially when the split forms were in salient V-O structures. The morphological knowledge held in the L2 Chinese learns’ native language was not an obvious obstacle for reading split SCs in the unsalient V-O structures, but the L1 knowledge actively blocked morphological analysis in reading split SCs in the salient V-O structures. The findings indicated that in the reading comprehension of complex Chinese words, both compound awareness and syntactic structure awareness could be activated, but the awareness of syntactic structure might obstruct, to some degree, the L2 Chinese reading comprehension.

This study underscores the importance of appropriate linguistic comprehension in Chinese word reading comprehension and suggested the possibility of competence between the awareness of morphological structures and syntactic structures in L2 Chinese word reading comprehension. Such competence, as discussed above, was induced by the L2 learners’ L1 knowledge. The challenges faced by L2 Chinese learners in the reading comprehension of split SCs were due to the conflicts between the gestalt lexical semantics of the compounds and the salient syntactic relation between the composing characters. The increase of Chinese proficiency did not seem to efficiently resolve the conflicts or ease the competition.

This study also added evidence to the existing body of literature about the influence of the character organization on word reading comprehension. The empirical data suggested that similar to the transposed-word effect, in L2 Chinese reading comprehension, the discontinuous presentation of composing characters was able to activate not only the representation of the compound itself but also words of similar forms. The L2 Chinese readers were observed to apply the interactive model of linguistic analysis and word/character decoding in reading comprehension, and the model facilitated L2 Chinese learners to overcome the failure of word decoding. However, it should be addressed that this interactive model may also lead to unsuccessful reading comprehension for L2 learners of low morphological awareness as it could obstruct the learners’ access to gestalt lexical semantics.

The results also shed some light on the conundrum about the basic processing units in less advanced Chinese reading comprehension. The L2 Chinese readers tended to treat the composing characters as separate single-character words when the salient V-O relation between the characters was recognized, but they did not hesitate to decode the SCs of the unsalient V-O structure as holistic forms despite being presented in split forms. These observations suggest that at least for L2 Chinese readers, the basic processing units are words (including the units they identified as words, such as 泳).

Also, we would hasten to point out that we did not claim that L2 learners’ Chinese language proficiency and participants familiarity with the compounds were of no relation to the recognizing of split SCs. The size of participants was not large, and these factors did not show significant influence in the current study. Also, the participants’ previous HSK/other Chinese language test results were used as the reference for their Chinese proficiency levels, but these results may not correctly reflect their Chinese proficiency at the time of testing. Despite this, the current study allowed us to focus on the structure of the expressions and identity many details in L2 Chinese learners’ reading process. Thus, future studies can investigate the developmental differences in the reading of split SCs of various structures and productivity.
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This study investigated the association between syntactic awareness and L2 Chinese passage-level reading comprehension among 209 Chinese as a second language adult-learners. The participants were administered a character knowledge test, a vocabulary knowledge test, a morphological awareness test, a grammatical judgment and correction test, a word order test, and two reading comprehension tests (multiple-choice questions and cloze test). Partial correlation analyses showed that the participants’ performance in two syntactic awareness tasks were significantly positively correlated with their passage-level reading comprehension. Multiple regression analyses revealed that syntactic awareness made a unique contribution to L2 Chinese reading even when the effects of age, major, gender, length of learning Chinese, character knowledge, vocabulary knowledge, and morphological awareness were controlled for. In addition, the word order knowledge had a stronger predicting power to L2 Chinese reading comprehension compared to the grammatical judgment/correction ability.
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INTRODUCTION

Syntactic awareness refers to an understanding and application of the grammatical structure of the language (Tunmer and Hoover, 1992). It has been found to contribute significantly to children and adults’ performance in word decoding, word reading, and text comprehension (e.g., Plaza and Cohen, 2003; Muter et al., 2004; Nation and Snowling, 2004). Recent research in both L2 English and L1 Chinese reading (Guo et al., 2011; Zhang, 2012; Yeung et al., 2013; Tong and McBride, 2017; Tong et al., 2021; Zhao et al., 2021a) has demonstrated the significant role syntactic awareness was playing in reading comprehension. However, few empirical studies have been carried out on the role of the syntactic skills in L2 Chinese reading comprehension among adult learners. The present study aimed to address this gap in the literature.



LITERATURE REVIEW

There is growing evidence showing that readers’ performance in reading comprehension is significantly influenced by their degree of sensitivity to syntactic knowledge (e.g., Barnitz, 1980; Cain, 2007; Guo et al., 2011; Zhang, 2012; Tong et al., 2014; Hung, 2021; Sarbazi et al., 2021). This line of research usually investigated several predictors and examined the unique contribution of syntactic awareness to reading comprehension after other variables such as vocabulary knowledge and morphological awareness have been controlled for. In L1 English reading, Guo et al. (2011) examined the interrelations among vocabulary knowledge, morphological awareness, syntactic awareness, and reading comprehension among 151 undergraduate and graduate native English-speaking students enrolled at a public university. The study revealed that syntactic awareness predicted reading comprehension directly and indirectly through the mediation of vocabulary knowledge.

Similarly, recent evidence in reading in Chinese has also shown that syntactic awareness plays a role in reading in Chinese among native children (e.g., Yeung et al., 2013; Tong et al., 2014; Zhao et al., 2021b). Yeung et al. (2013) constructed a model of reading comprehension among 248 Chinese elementary school fourth grade children. Syntactic awareness was measured using two tests: a morphosyntactic knowledge test designed to measure the children’s ability to detect and correct morphosyntactic errors in sentences and a word order test where children were asked to arrange sentence segments in the order that they deemed correct. The study found that syntactic awareness, discourse skills, and verbal working memory had significant direct effects on reading comprehension. In Zhao et al. (2021a) study, syntactic knowledge was found to be both directly and indirectly related to reading comprehension via inference making, comprehension monitoring, and word reading among 164 Chinese third-grade students. Syntactic knowledge was measured using a conjunction cloze task. After controlling for word reading, verbal working memory, and discourse skills, syntactic awareness remained a unique predictor of L1 Chinese reading comprehension. In Chik et al.’s (2012) study, however, morphosyntactic knowledge, but not word order knowledge, was a unique contributor to reading comprehension. Some other studies measured syntactic awareness using a conjunction pair test (e.g., Tong et al., 2014). Tong et al. (2014) found that the conjunction cloze task was moderately correlated with previous and concurrent years’ discourse-level reading comprehension (r = 0.53 and 0.56, respectively). The grammatical judgment/correction task was also significantly correlated with previous and concurrent years’ reading comprehension (r = 0.19 and 0.18, respectively). The syntactic tasks together explained a small portion (2.3%) of the total variance of reading comprehension. The study concluded that children’s syntactic knowledge, especially in the use of conjunction words, appeared to be uniquely linked to discourse-level reading comprehension.

Most studies in reading in Chinese have been conducted among native Chinese children, and little is known about the role of syntactic awareness in reading in Chinese as a foreign or second language among adult learners (CFL/CSL). Moreover, previous studies on the effect of syntactic awareness have not been consistent. Some studies (e.g., Chik et al., 2012) suggested that morphosyntactic knowledge, but not word order knowledge, was a significant predictor of L1 Chinese reading, whereas other studies (e.g., Tong et al., 2014) found that conjunction words knowledge, not morphosyntactic knowledge, was a unique predictor. Thus, the question remains on how to measure L2 Chinese syntactic awareness to ensure content validity. Thirdly, no previous research has been carried out in L2 Chinese reading to examine how different tasks of syntactic awareness are associated with how L2 reading comprehension is measured. Therefore, this paper explores how word order knowledge and grammatical judgment/correction are associated with two types of reading comprehension tasks: the multiple-choice questions test, and the cloze test. It is hoped that this research will generate fresh insights into the role of syntactic awareness in L2 Chinese reading.



FEATURES OF CHINESE SYNTAX

Chinese differs from English in several ways in terms of the syntactic features. First, one critical feature of the Chinese language is that unlike English, which is defined as an inflectional language, there are few explicit syntactic or grammatical markers in Chinese (e.g., Lin, 2006; Tong and McBride, 2017). In an inflectional language like English, grammatical features such as tense and plural are indexed by inflections such as -ed, -ing, or -es. However, in Chinese, there are no explicit markers or inflectional indictors to mark the grammatical categories (e.g., Tong and McBride, 2017). For example, there is no difference in tense or number for the verb 请 (qing, “invite”) in the following two sentences (1) and (2).

[image: image]

Moreover, the part of speech and meaning of a Chinese word is highly context-dependent in Chinese, more so than in English (e.g., Tong and McBride, 2017). For example, 合作 (hé zuò) could be a verb (to cooperate) or a noun (cooperation) depending on the contexts. In (3), 合作 (hé zuò) is used as a noun but in (4), it is used as a verb.

[image: image]

Since there is no inflectional system, Chinese readers rely on their syntactic knowledge to solicit information about the degree, tense, and parts of speech from linguistic constituents and their semantic relations (Lin, 2006). One of the most important types of syntactic knowledge is the word order knowledge. Different from English, Chinese has a more flexible word order (Zhao et al., 2021a). The basic word order in Chinese is SVO. For example, in 我爱吃鱼，我 (I) is the subject, 爱吃 (love to eat) are two verbs serving as the predicate, and 鱼(fish) is a noun serving as the object. Besides the typical subject-verb structure, there is also the topic-comment structure (Chao, 1968; Sun, 2006). The topic is about which something is said and may stand in several different logical relationships to the comment (Li and Thompson, 1989). In the above sentence, the object 鱼(fish) can be moved to the beginning of the sentence to form a topic-comment sentence (鱼，我爱吃), which means “As for fish, I love to eat (it).” In 饭吃完了(the food was finished), 饭(food) is the recipient of the action. In 大碗喝汤，小碗吃鱼(Big bowl, drink soup; small bowl, eat fish), the topics refer to the instruments of the verbs. Once a topic was established, it could be extended across succeeding sentences. For example, 鱼，我喜欢吃。做法也各有不同 (Fish, I love to eat (it). The ways of cooking (fish) also vary.). The flexibility of words in occurring at the beginnings, or ends, of Chinese sentences are due to some common syntactic properties (Sun, 2006, p.148). Given those specific features of Chinese sentence structures, some Chinese linguists argue that word order is one of the essential elements for readers to comprehend texts in Chinese (e.g., Li and Thompson, 1989) or even the most important syntactic device in Chinese (e.g., Chao, 1968). The syntactic knowledge of word order is important to trace the logic and semantic relations not only among words and phrases in a sentence but also across sentences, thereby contributing to passage-level comprehension (Tong et al., 2014; Zhao et al., 2021a). In L1 Chinese reading, children’s word order knowledge has been found to be a strong correlate of Chinese word recognition (e.g., So and Siegel, 1997) and reading comprehension (e.g., Yeung et al., 2013). Thus, it is logical to operationalize syntactic awareness as word order knowledge using a word order knowledge test. In addition to word order knowledge, previous research in L1 Chinese and L2 English reading has also shown that the ability to detect and correct grammatical errors accounted for a significant amount of unique variance in L1 Chinese (e.g., Chik et al., 2012) and L2 English reading comprehension (e.g., Li et al., 2021). Grammatical judgment and correction test could tap into different aspects of Chinese syntactic knowledge such as function words, conjunctions, tense markers, classifiers, particles, prepositions, and copula words. Thus, to further discern the syntactic skills important for reading comprehension in Chinese, the present study measured two types of syntactic awareness commonly assessed in L1 Chinese reading: word order knowledge (through a word order knowledge test) and morphosyntactic knowledge (through a grammatical judgment/correction test).

It needs to be noted that another type of test, conjunction cloze task, was also commonly used to measure syntactic awareness in L1Chinese reading research (e.g., Tong et al., 2014; Zhao et al., 2021a). This study did not adopt the conjunction cloze task mainly because although the knowledge about conjunctions can reflect syntactic knowledge, there are only a limited number of conjunctions in Chinese and most of them could be omitted in contexts (Sun, 2006). Thus, considering the content validity, this study adopted the word order knowledge test and the grammatical judgment/correction test to operationalize L2 Chinese syntactic awareness.



THE PURPOSE OF THIS STUDY

As mentioned, current literature focuses on the role of syntactic awareness in L1 Chinese reading among native Chinese children. The role of syntactic awareness in L2 Chinese reading among adult CFL or CSL learners have yet to be established. Furthermore, it is unclear how different types of syntactic awareness are associated with how reading comprehension is measured. Therefore, the present study aimed at examining of the role of syntactic awareness in L2 Chinese reading. Previous studies in L2 Chinese reading (e.g., Zhou, 2018, 2021) indicated that character knowledge, vocabulary knowledge and morphological awareness contributed to L2 Chinese reading comprehension. The present study included linguistics skills such as character recognition, vocabulary knowledge, and morphological awareness to control for their effects over L2 Chinese reading comprehension. The present study also included some background variables such as age, major, gender, and length of learning Chinese. Although background variables were not commonly considered as predicting variables in regression analyses, this study included them to control for the effects of background variables to L2 Chinese reading comprehension. Categorial variables such as gender and major were dummy coded to be included in the regression analyses. The present study was interested in whether syntactic awareness will play a unique contribution to L2 Chinese reading comprehension beyond other linguistic skills and background variables. Furthermore, the present study aimed to investigate the relative contribution of two syntactic components (grammatical judgment/correction and word order) to two measures of L2 Chinese reading comprehension (multiple-choice questions test and cloze test). Two research questions were investigated.


1.What is the relative contribution of syntactic awareness to L2 Chinese reading comprehension among adult CFL learners?

2.How are the two tasks of syntactic awareness (the grammatical judgment/correction task and the word order task) contribute to the two measures of L2 Chinese reading comprehension (the multiple-choice questions test and the cloze test) differently?





MATERIALS AND METHODS


Participants

The participants were 209 adult CSL learners studying abroad in four Chinese universities located in Beijing city and Gansu province. The mean age of the participants was 21.53 (SD = 7.97). The participants had averagely learned Chinese for 31.24 months, SD = 16.06. The majority of the participants’ majors were related to Chinese language or culture (e.g., 50% in teaching Chinese as a foreign/second language; 28.1% in Chinese linguistics, and 2.3% in Chinese studies). 99 of the participants (47.4%) were male and 109 (52.4%) were female. Based on self-reported proficiency and proficiency test (HSK) scores, the proficiency level of the participants was intermediate to advanced.



Measures

A character knowledge test, a vocabulary knowledge test, a morphological awareness test, a word order test, a grammatical judgment/correction test, and two reading comprehension tests were administered to the participants. Please see the Appendix for all the tests.


Character Knowledge Test

A character knowledge test adopted from Zhou (2018) was used to measure learners’ receptive knowledge of Chinese characters. There were 30 real characters, nine pseudo-characters, and six easy characters which were simple in form and presumed well known by the participants. The test randomly chose the real characters from the character frequency list (10 from beginning, intermediate, and advanced lists, respectively) in The Graded Chinese Syllables, Characters, and Words for the Application of Teaching Chinese to the Speakers of Other Languages (Liu and Ma, 2010). Nine pseudo-characters were created to control for guessing. No participants in this study indicated that they knew a pseudo-character. Six easy characters such as 一，人，山 were added as fillers.



Vocabulary Knowledge Test

This test was adopted from Zhou (2018). The format of the test was based on Guo and Roehrig (2011); Nation (2001), and Shiotsu and Weir (2007). The test randomly selected thirty words from the beginning, intermediate, and advanced word frequency lists from The Graded Chinese Syllables, Characters, and Words for the Application of Teaching Chinese to the Speakers of Other languages (Liu and Ma, 2010). Another 30 words were added as distractors. The test adopted a matching format. Three target words and three distractors were placed in one block. The participants were asked to select the word on the left that matches the explanation on the right.



Morphological Awareness

Adopted from Zhou (2018), this test aimed to investigate participants’ ability to distinguish compound structures in Chinese. Compounding is the main way to form words in Chinese (Sun, 2006). Five types of syntactic structures in Chinese disyllabic words were covered in the test: juxtapositional, modificational, governmental, predicational, and complemental (please see Yip, 2000 for the five types and examples). The participants were asked to choose the word whose morphemes went together in a similar way with the target word. For example, the compound structure of the target word “喝水” (hēshuĭ, to drink+water = to drink water) was governmental (i.e., verb+object). Thus, among three options “睡觉” (shuìjiào, to sleep+sleep = to have a sleep, governmental), 出去 (chūqù, exit+out = go out, complemental) and 肥胖 (féi pàng, fat+fat = obesity, juxtopositional), “睡觉” shared the same compound structure with “喝水.”



Word Order Test

This test was based on Nassaji (2003) and Yeung et al. (2013). Seven simple and eight complex sentences were prepared. Each sentence was divided into six to eight segments and scrambled. The participants were asked to rearrange the segments to form meaningful and syntactically correct sentences. Each correct arranged sentence was credited with two points. Some sentences had multiple correct word orders, which were all marked correctly. As for grading, if half of the sentence was correctly rearranged, one point was given. 0.5 point was credited if two continuously segments were correctly arranged. For example, for the item 6 ①环境 ②越来越好 ③城市的 ④变得 ⑤这个 ⑥了. If the answer was ⑤这个③城市的①环境④变得②越来越好⑥了, two points were given. If the answer was ⑤这个③城市的①环境⑥了②越来越好④变得, since the first half of the sentence was correct (⑤③①), but the second half was not correctly rearranged (⑥②④ instead of ④②⑥), one point was credited. If the correct answer was ⑤这个③城市的 ⑥了①环境②越来越好④变得, since only two continuously segments were correctly rearranged (⑤③), 0.5 point was credited.



Grammaticality Judgment/Correction Test

This test was adopted from Zhou (2018) and the original test was based on Tong et al. (2014) and Yeung et al. (2013). There were sixteen syntactically incorrect sentences, which were designed to test different aspects of syntactic knowledge such as function words, conjunctions, tense markers, classifiers, particles, prepositions, and copula words. The participants were asked to identify the mistakes and make corrections.



Multiple-Choice Questions Test

This test was adopted from Zhou (2018). Four reading passages were selected from Chinese books or websites. The lengths of the passages were 207, 337, 359, and 595 characters, respectively. Passage 1 and Passage 3 were narratives, Passage 2 was a fable selected from a graded reader, and Passage 4 was a persuasive article chosen from an online version of a Chinese newspaper. Passage 1 and 2 were modified and difficult words were replaced with easier ones. Passage 3 and 4 were authentic texts, with no changes made to the texts. To determine whether the readings were at the appropriate levels for the participants of this study, Chinese Readability Index Explorer for Chinese as a Foreign Language (CRIE-CFL) (Sung et al., 2015) was used to check the readability levels of the four reading passages. The results showed that Passage 1 and 2 were at B1, Passage 3 at B2, and Passage 4 at C2 levels. The difficulty levels of the four passages were ideal for the participants in this study.



Cloze Test

Cloze tests are usually constructed by deleting every n-th word from a passage and ask the test takers to restore the deleted words (e.g., Alderson, 2000, p. 207). The cloze test was adopted from Zhou (2018). There were altogether two passages. The first sentence of each passage remained intact to provide some contextual support. Starting from the second sentence, every 6th Chinese character was deleted. The participants were asked to write down the missing character. If the participants did not know how to write the characters, they were instructed to write down pinyins with correct tones. Each correct character or pinyin with tone was credited with one point.




Procedures

All the tests were administered in pencil and paper format in classrooms. The participants were explained to the research purpose and signed the consent forms. They were asked to fill in the background information form first where the information on age, gender, major, and length of learning Chinese was obtained. The tests were then administered in groups. The duration of the test session was around 90 min. Tests were administered in the following order: the character knowledge test, the vocabulary knowledge test, the morphological awareness test, the grammatical judgment/correction test, the word order test, the multiple choice questions, and the cloze test.



Data Analysis

The data of this study were first checked to see whether the assumptions to conduct hierarchical regression analyses were met. The descriptive statistics and correlations of all the variables were reported. To answer RQ1, the raw scores of the two measures of reading comprehension, namely the multiple-choice questions test and the cloze test, were added to form a total score of L2 Chinese reading comprehension (i.e., raw score total). The z-scores of each test were also saved and combined to form a reading comprehension total score (i.e., z-score total). Followed-up regression analyses showed that raw score total and z-score total did not make a difference, thus this study used the reading comprehension raw score total. To further explore how the two types of syntactic awareness tasks might associate with the multiple-choice questions test and the cloze test differently, the multiple-choice questions and the cloze test were treated as dependent variables separately. Another two hierarchical regression analyses were run to answer RQ2.




RESULTS


Descriptive Statistics

Table 1 presents the means, standard deviations, number of items in each test, and reliability coefficients computed for the various tasks in this study. All the reliability coefficients were in high range (0.783 to 0.890).


TABLE 1. Descriptive Statistics of all the Variables.

[image: Table 1]

Correlation

Table 2 shows the correlations among all the measures in the present study. Age was significantly positively correlated with vocabulary knowledge, character knowledge, and reading comprehension (total), and multiple-choice questions, but not with other variables. Length of learning Chinese was positively correlated with all the component skills and two measures of reading comprehension (rs > 0.207, p = 0.01). The character knowledge, the vocabulary knowledge, the morphological awareness, the grammatical judgment/correction test, and the word order were all significantly positively correlated with the multiple-choice questions test and the cloze test (r ranging from 0.424 to 0.739, p = 0.01). The character knowledge, the vocabulary knowledge, the morphological awareness, and the two measures of syntactic awareness were also all positively correlated with each other (rs > 0.377, p = 0.01). The partial correlation underscored the importance of syntactic awareness as well as other linguistic skills in explaining L2 Chinese adult readers’ performance in passage-level reading comprehension.


TABLE 2. Partial correlation among all variables.
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Hierarchical Multiple Regression

A series of hierarchical multiple regression analyses were conducted. In the first hierarchical regression analysis, reading comprehension total was the dependent variable. To control for the effects of background variables to linguistic-related variables, background variables (age, major, gender, and length of learning Chinese) were first entered into the equation. Next, the linguistic variables (the character knowledge, the vocabulary knowledge, and the morphological awareness) were entered into the equation. All of those linguistic variables have been found to be associated with reading comprehension in previous studies (e.g., Zhou, 2018). Two measures of syntactic awareness: the grammatical judgment/correction test and the word order test, were entered in the equation in the last step. Table 3 shows the results of the regression analyses. Age, gender, major, and length of learning Chinese explained 31.9% of the variance in reading comprehension total. Character knowledge, vocabulary knowledge, and morphological awareness added an extra 31.3% of the variance to reading comprehension total. After controlling for the effects of background related variables and the character knowledge, the vocabulary knowledge, and the morphological awareness, the syntactic awareness made a unique contribution to L2 Chinese reading comprehension total, explaining 6.9% of the variance in reading comprehension total. Totally, the predicting variables explained 70% of the variance in L2 Chinese reading comprehension total.


TABLE 3. Multiple regression analysis predicting passage-level reading comprehension.

[image: Table 3]
In addition, this study separately analyzed the associations between the two types of reading comprehension tests, that is the multiple-choice questions and the cloze test, and the syntactic awareness tasks, that is the grammatical judgment/correct test and the word order test. The results are presented in Table 4. Table 4 shows that the grammatical judgment/correction test and the word order test together contributed 3.2% of unique variance to the multiple-choice questions and 8.9% to the cloze test even after controlling for the contributions of age, major, gender, length of learning Chinese, character knowledge, vocabulary knowledge, and morphological awareness. Both the grammatical judgment test and the word order test were significant predictors of the cloze test. However, only word order was a significant predictor to the multiple-choice questions test. Thus, it seems that word order knowledge had a stronger predicting power to L2 Chinese reading comprehension compared to grammatical judgment/correction ability.


TABLE 4. Multiple regression analysis predicting two types of reading comprehension questions.
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DISCUSSION

To reiterate, the aims of the present study are (1) to examine the unique contribution of syntactic awareness to L2 Chinese reading comprehension among adult CSL learners beyond a number of linguistic and background variables; and (2) to show the relative significance of two syntactic awareness tasks (the grammatical judgment/correction task and the word order task) in two measures of L2 Chinese reading comprehension (the multiple-choice questions test and the cloze test). The hierarchical regression analyses results showed that syntactic awareness uniquely contributed to L2 Chinese passage-level reading comprehension by explaining 6.9% of its variance. The findings suggested that the strong correlation between syntactic awareness and discourse-level reading comprehension was beyond the contribution of character knowledge, vocabulary knowledge, morphological awareness, and background variables such as age, major, gender, and length of learning Chinese. Those results were in line with previous work examining the associations of syntactic awareness and reading comprehension in alphabetic languages (e.g., Muter et al., 2004; Nation and Snowling, 2004) and in L1 Chinese (e.g., Yeung et al., 2013; Tong et al. 2014; Zhao et al., 2021b).

The findings of this study showed that the correlation between the grammatical judgment/correction and the L2 Chinese reading comprehension total was 0.643, and between the word order test and the L2 Chinese reading comprehension was 0.742. Existing research have shown that syntactic awareness correlates with reading difficulties or reading comprehension among readers with disabilities and fluent readers (e.g., Geva and Massey-Garrison, 2013; Farnia and Geva, 2019; Li et al., 2021). Jeon and Yamashita’s (2014) meta-analysis showed that L2 syntactic knowledge, L2 vocabulary knowledge, and L2 decoding were the three strongest correlates of L2 reading comprehension, with grammatical knowledge being the strongest among the three (correlation of 0.85 compared to 0.79 and 0.56). Similarly, van Gelderen et al. (2004) reported a correlation of 0.80 between L2 grammar knowledge and reading. This study extended this line of research to L2 Chinese reading.

The significant role that the syntactic awareness played in L2 Chinese reading comprehension was not surprising. There are at least two potential explanations for the associations between syntactic awareness and reading comprehension. First, syntactic awareness facilitates the reading comprehension. Syntactic information from determiners (this, that), word order, subordinate clauses, conjunctions, prepositions, tense, among other information, provides ongoing instructions for the construction of meaning (e.g., Grabe, 2009). The process of parsing incoming structural information that supports comprehension is happening every second during fluent reading. As a reader begins to look at a text, word recognition processes begin. The first words are recognized, and the extract of syntactic information also begins (e.g., Grabe, 2009). For example, the measure word 个 in Chinese signals that a noun will follow; 虽然 (although) signals that there will be a transition in meaning and it is highly possible that readers will see 但是 (but) in the following clause. Thus, a good mastery of syntactic knowledge facilitates the comprehension process and speeds up the comprehension. Secondly, syntactic awareness facilitates the comprehension monitoring. Reading comprehension is a process that requires comprehension monitoring (e.g., Cain et al., 2004), which refers to the process of “keeping track of the success with which one’s comprehension is proceeding, ensuring that the process continues smoothly, and taking remedial action if necessary” (Baker and Brown, 1984, p. 355). It is not uncommon for readers to find that comprehension may fail or become severely constrained while reading. This lack of comprehension may be driven by a few unknown key words, by an inability to sort out semantic relations between nouns and verbs in complex sentences, or by syntactic complexity of some long sentences (e.g., Grabe, 2009). Syntactic knowledge may help readers monitor their comprehension more effectively (Tunmer et al., 1987). Research has shown that skilled readers with good sense of syntactic awareness are able to recognize the sense of the lack of comprehension more easily and took measures to address the problem. However, unskilled readers with poor syntactic awareness were unable to detect the lack of comprehension and/or employ repair strategies that were essential to improve the understanding of a text (e.g., Tunmer et al., 1987; Grabe, 2009; Tong et al., 2014).

Besides extending the significant role of syntactic awareness to L2 Chinese reading comprehension, this study also examined the associations between the types of syntactic awareness and the measures of reading comprehension. Theoretically, it is interesting to examine whether the associations of syntactic awareness with reading comprehension differed across the two different reading comprehension tasks: the multiple-choice questions test and the cloze test. In doing this, this study conducted two sets of regression analyses by entering scores for the multiple-choice questions test and the cloze test as dependent variables, respectively. The two syntactic tasks explained 3.2% of the total variance in the multiple-choice questions test and 8.9% in the cloze test. Given that the cloze test was usually designed to measure local understanding while the multiple-choice questions test was more often designed to test global understanding (e.g., Alderson, 2000), the findings of this study suggested that the word order knowledge may be important to both the local and global understanding of Chinese passages while the grammatical judgment/correction ability may only play an important role in the local understanding of L2 Chinese reading passages. Thus, methodologically, it is worth pointing out that the cloze test and the grammatical judgment/correction test both require a process of searching and matching (e.g., Weaver and Wendell, 1965). Alderson (2000) stated that a cloze test is word-based, and many cloze items in a cloze test are constrained by the immediate sentence constituents and may not by long range discourse. Similarly, the grammatical judgment/correction test requires the participants to identify and correct grammar errors at sentence levels. Given the similarity in the testing formats, it has been suggested that the performance on those types of tests correlates highly (e.g., Kennedy and Weener, 1973; Tong et al., 2014). In this study, the grammatical judgment/correction test is correlated with the cloze test at r = 0.624, higher than r = 0.556 between the grammatical judgment/correction test and the multiple-choice questions test. This is an important finding, and future research may continue this line of research and examine how other types of syntactic awareness and ways of measuring reading comprehension are associated.

The present finding that syntactic awareness uniquely predicted L2 Chinese passage level reading comprehension among adult learners is of both theoretical and practical importance. From a theoretical perspective, the present study, for the first time, highlighted the importance of syntactic awareness as an important component of L2 Chinese reading beyond age, major, gender, length of learning Chinese, character knowledge, vocabulary knowledge, and morphological awareness. From a practical perspective, the finding that syntactic awareness was significantly predictive of L2 adult leaners’ reading comprehension is of particular interest for L2 Chinese teachers. Syntactic skills should be taught and practiced along with the teaching of other component skills such as vocabulary knowledge and morphological awareness to reduce L2 Chinese reading anxiety and improve L2 Chinese reading fluency and comprehension (e.g., Zhou, 2017; Zhou and Day, 2020).

Future work might attempt to replicate and extend the findings of this paper by examining the effects of other syntactic skills, for example, the conjunction pair knowledge, to L2 Chinese reading. Moreover, the role of syntactic awareness to L2 Chinese reading among readers of different reading abilities is also worth exploration.
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In the current study, the orthographic knowledge required for writing Chinese characters was assessed among participants with L1 Vietnamese background who learn Chinese as a foreign language. A total of 42 undergraduates were recruited. They were invited to participate in a delayed Chinese character copying task consisting of 32 characters. Their Chinese character reading abilities were also obtained using a character naming task. All the tests were conducted online during the pandemic in 2021. Results indicated that the participants’ accuracy in the copying task was affected by the familiarity of the characters and the number of strokes of the characters. These effects minimized as reading performance increased. In the inter-stroke interval (ISI) analysis, results indicated a significant boundary effect where ISIs between orthographic units were longer than ISIs within orthographic units, showing the participants’ tendency to chunk Chinese characters into functional units when they write. Only high achievers in the reading task demonstrated the use of both large and small grain-size units in writing (i.e., radical-boundary ISI > logographeme-boundary ISI > non-boundary ISI), while the low achievers only used small grain-size units in their writing. We suggest that the delayed copying task incorporated with handwriting measures is an effective method to assess orthographic knowledge of L2 Chinese learners.
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INTRODUCTION

The rapid economic development of China has driven a growth in the learning of Chinese language worldwide. However, due to the unique properties of Chinese, learning to communicate using Chinese as a second language is not an easy task.

For example, Chinese phonologically is a tonal language, where lexical tones associate with syllables contribute to meaning differences. Besides, Chinese is usually described as morphosyllabic in which each basic orthographic unit, or character, is mapped onto one syllable and one morpheme (Chao, 1970; Hoosain, 1992). There are about 1,100 syllables and over 3,000 common characters in modern Chinese. That means on average, each syllable corresponds to more than three different morphemes and characters. For example, the syllable [chang2] corresponds to 长<long>, 尝<taste>, and 常<frequent>. Being able to tell that the common syllable [chang2] in [chang2du4] <length> and [chang2jian4]<common> corresponds to different morphemes is important. Otherwise, it will cause confusion when one tries to parse the meaning of multimorphemic words. One of the useful strategies to differentiate homophonic heteronyms is to refer to their orthographic forms. It is, therefore, commonly believed that the learning of the orthographic forms of Chinese will promote the proficiency of using the language (Zhao, 2009).

Orthographically, each Chinese character is a compilation of strokes organized in a square construction. For example, the character 大 [da4]<big> is constructed by putting the three strokes 一, 丿, and ㇏ in a specific pattern. The number of strokes within a character range from 1 to 24 (Shu et al., 2003). The more strokes in the characters, the higher will be the visual complexity. On the other hand, there exists a major group of characters in Chinese called phonetic compounds, which are composed by putting together semantic radicals that give clues to meanings and phonetic radicals that give clues to sound of the host character. For example, the character 筷 [kuai4]<chopsticks> contains the semantic radical ⺮<bamboo>, which gives a clue to the character’s meaning, and the phonetic radical 快[kuai4]<quick>, which is pronounced identically as the host character. Semantic and phonetic radicals are organized in different configurations. The most common configurations are left-right (e.g., 快) and top-bottom (e.g., 筷).

Apart from phonetic and semantic radicals, there is another group of sub-character orthographic units frequently occurring in Chinese characters documented in the literature. In their study reporting the writing errors produced by a Chinese patient with dysgraphia, Law and Leung (2000) reported the observations of errors involving substitutions of logographemes (i.e., stroke patterns in radicals that are spatially separated, such as “土” and “口” in the radical “吉’’)1. Similar errors of logographeme deletions, substitutions, and transpositions during Chinese character copying was also reported in Han et al. (2007). The significant role of logographemes in Chinese character writing was observed not only among neurogenic patients but also neurotypical individuals (e.g., Lui et al., 2010; Lui, 2012; Wong and Lau, 2019). For example, using a delayed copying task, Lui (2012) observed that L1 Chinese primary school children demonstrated better performance on copying stimuli with less number of logographemes, after controlling for number of strokes. The “word length” effect was taken as evidence to suggest that logographemes are used by L1 Chinese learners in their writing process.

When individuals start learning a second language, intensive instructions are usually needed. Later on, they are expected to learn new items without instructions by applying their metalinguistic knowledge regarding the second language. With sufficient knowledge of the Chinese orthography, individuals learning Chinese as second language are expected to be able to learn to read and write new Chinese characters independently.

The knowledge of the Chinese orthographic system required for writing Chinese characters include the configuration of the Chinese characters (e.g., Yeh and Li, 2002), a repertoire of the orthographic units of different grain sizes (e.g., Lau, 2019), and the positional consistency of the components (Taft et al., 1999; Lui et al., 2010). Previous studies have documented the significance of each of these areas of orthographic knowledge in learning to read Chinese (e.g., Loh et al., 2018; Chan et al., 2021; Chang et al., 2021; Loh et al., 2021).

The significance of knowledge of configuration of Chinese characters in learning to read Chinese is that it helps to distinguish visually complex characters (e.g., Yeh and Li, 2002). Evidence of the significance of awareness of character configuration in Chinese character learning among CSL learners were reported in previous studies (e.g., Loh et al., 2018, Loh et al., 2021). For example, Loh et al. (2018) conducted a structure identification task on CSL children attending Grade 5–11 in mainstream education in Hong Kong and observed that the children were able to choose the most matched structures (represented in line-drawing figures) of the target characters in over 60% of the time across all grade levels. Similar results were reported in Loh et al. (2021).

The importance of a repertoire of the orthographic units of different grain sizes in learning to write Chinese concerns its role in allowing the decomposition of characters into components so as to reduce the workload of learners’ working memory in the processing. This allows the individuals to more efficiently and effectively recall and retain the orthographic forms of characters than perceiving the characters as a pile of interwoven strokes (Loh et al., 2021). The repertoire was usually tested by asking L2 learners to decompose Chinese characters into components. For example, Shen and Ke (2007) reported that American CSL college students were able to improve from just above 50% scoring rate to over 70% scoring rate after 1 year of study. In another study, Nguyen et al. (2016) also found that a group of Vietnamese students who had studied Chinese for 3 months were able to use components as processing units when learning unfamiliar Chinese characters.

Finally, the significance of positional consistency of the components in learning Chinese characters has been reported among L1 Chinese (e.g., Tong et al., 2017) and L2 Chinese (e.g., Chang et al., 2021; Loh et al., 2021). By using radicals with high positional consistency to create pseudo-characters and radicals with low positional consistency to create non-characters, Chang et al. (2021) observed that L2 Chinese learners showed tendency to choose the pseudo-characters as “more like real characters” and such tendency was observed among those with higher Chinese reading proficiency but not among those with lower Chinese reading proficiency.

Thus far, previous studies that investigated orthographic knowledge of CSL learners mostly relied on tasks that involved close-end questions, i.e., either binary choice (e.g., Chang et al., 2021) or multiple choice questions were given (e.g., Loh et al., 2018; Chan et al., 2021). One of the potential issues associated with close-end questions concern the possible ceiling effect in the data obtained, particularly if the participants have relatively good orthographic knowledge. In the current study, we explored the possibility of using a handwriting task to measure CSL learners’ orthographic knowledge, which potentially can avoid the ceiling effect issues described.

Using tablets installed with a homebrew Android application that recorded the written responses of the participants using the open-sourced MotionEvent package, Lau (2020b) invited a group of undergraduate students with L1 Chinese background to participate in an immediate character copying task. In the experiment, the inter-stroke intervals (ISIs), measured as the time difference between the end point of a stroke and the start point of the subsequent stroke, in the handwriting production were collected. The results indicated that after controlling for the inter-stroke distance (ISD) (i.e., the linear distance between the end point of a stroke and the start point of the subsequent stroke), the radical-boundary ISIs, i.e., ISIs located at the boundary between the semantic and phonetic radicals, were longer than the logographeme-boundary ISIs, i.e., ISIs located at the boundary between consecutive logographemes, which, in turn, were longer than the non-boundary ISIs, i.e., ISIs located within logographemes. Examples of radical-boundary ISIs, logographeme-boundary ISIs and non-boundary ISIs were given in Figure 1. The significant orthographic boundary effect was taken as evidence to support that radicals and logographemes are functional writing units when people write Chinese characters. Apart from the significant boundary effect observed, it was further found that radical-boundary ISIs of high-frequency characters were shorter than radical-boundary ISIs of low-frequency characters, which is consistent with previous studies that have reported the radical boundary effect in peripheral processing of writing (e.g., Zhang and Feng, 2017).
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FIGURE 1. Examples of (i) radical-boundary ISI, (ii) logographeme-boundary ISI, and (iii) non-boundary ISI. The white arrows denote the stroke sequence to write the character.


Similar orthographic boundary effect was observed not only among mature L1 Chinese users but also beginning L1 Chinese learners. Lau (2019) applied a similar immediate character copying task, but with fewer stimuli, on a group of primary school Chinese children. A similar significant orthographic boundary effect (i.e., radical-boundary ISI > logographeme-boundary ISI > non-boundary ISI) was observed, suggesting the unique roles of radicals and logographemes as orthographic units essential for individuals learning to write Chinese character. Finally, it was also reported that children with higher proficiency demonstrated greater flexibility in choosing between radicals and logographemes as the writing units, whereas younger children tend to heavily use logographemes as the writing units. The difference was attributed to the exposures needed for the acquisition of the graphic motor patterns associated with (high-frequency) radicals by concatenating the graphic motor patterns associated with the corresponding constituent logographemes which are unique in Chinese writing (Lau and Yuen, 2019).

Overall, results of previous studies indicated that handwriting measures allowed the observations of orthographic knowledge, particularly the flexibility of using orthographic units of different grain sizes, applied by L1 Chinese users in writing Chinese characters. In the current study, we attempted to examine the orthographic knowledge required for writing Chinese characters among individuals with L1 Vietnamese background who learn Chinese as a foreign language by applying similar handwriting measures. Vietnamese students are unique since they have a demand for understanding Chinese scripts to preserve their culture, which had for a long time previously been documented in Chinese characters. The Vietnamese even invented the chñ’ Nôm scripts by modifying Chinese characters to represent native Vietnamese words in the 13th century (Nguyễn Đình Hoà, 1959). In 1910, the French colonial administration required that all public documents be written by the Vietnamese alphabet (Vietnamese: chũ’ Quếc ngñ’; literally meaning “national language script”), a romanization of Vietnamese based on the alphabets of Romance languages. As a result, Chinese characters gradually fell out of use in Vietnam (Zhang, 2009), until recently learning Chinese as a foreign language gradually became more popular because learning the language possibly improve the vocational competitiveness of the learners.

To assess the orthographic knowledge of our participants, they were given a delayed character copying task, which requires better usage of orthographic knowledge to be temporarily stored in the short term memory compared with immediate copying tasks (e.g., Han et al., 2007; Bonin et al., 2015). Given that better orthographic knowledge has been reported to be associated with better reading performances (e.g., Leong et al., 2011; Tong et al., 2017), participants’ performance in a reading test was included in the data analyses. It was expected that individuals with better reading scores, hence better orthographic knowledge, would achieve higher accuracy in the task. Besides, it was expected that similar effect of number of strokes (Lau, 2020b) and character frequency (Lau, 2019, 2020b) observed in L1 Chinese users’ handwriting would also be observed among our participants. Most importantly, it was anticipated that for those who have a better repertoire of the orthographic units of different grain sizes should be better in mastering both radicals and logographemes as writing units. Hence, it was expected that they would demonstrate the significant orthographic boundary effect (i.e., radical-boundary ISI > logographeme-boundary ISI > non-boundary ISI) in their writing.



MATERIALS AND METHODS


Participants

A total of 42 undergraduate students (2 Male and 40 Female, age range from 18 to 22, year of university education range from 1 to 4) majoring in Chinese were recruited in the University of Languages and International Studies, Vietnam National University, Hanoi. Only individuals with no reports of sensory, intellectual and learning problems and no prior training of linguistics and psychology were recruited. All participants reported to have completed at least grade 1–4 of HSK.



Stimuli and Procedures

Data collection was conducted during the pandemic in 2021. Therefore, each participant was tested individually via a Zoom meeting. The Zoom meeting was video-recorded for later accuracy judgment.


Reading Test

A total of 190 characters (40 non-phonetic compounds and 150 phonetic compounds) were selected from the HSK word list. In each trial, a randomly ordered selected character was shown on the screen. The participant was required to read aloud the character. No feedback of accuracy was given. Each correctly named item was given one mark.



Delayed Copying Task

A total of 32 Chinese characters, half of them organized in left-right and half of them organized in top-bottom configurations, were selected from the HSK word list. Table 1 shows the demographic information of the stimuli. The participants were invited to use their own smartphones to perform the writing task. A weblink designed for collecting handwriting data using the open-sourced MotionEvent package was given. In each randomly ordered trial, a target character was displayed on the screen for 5 s. Upon the disappearing of the target character, the participant was required to write, using their index fingers2, the target character they just saw on his/her smartphone using the browser-based handwriting data collection app. Upon completion of the task, the participant was instructed to submit the handwriting data to the research team via email. Accuracy of each copied item was obtained. Besides, the elapsed time and coordinates each time the fingertip touched or left the device screen were recorded accordingly. The ISIs and the corresponding ISDs were calculated accordingly.


TABLE 1. Demographic information of the stimuli of the left-right and top-bottom configurations.

[image: Table 1]



Data Analysis

Separate linear mixed effects models with maximal model structure (Barr et al., 2013) were computed using the lme4 package (version 1.1–18.1; Bates et al., 2015) in R (version 3.5.1; R Core Team, 2018) for the accuracy and the ISIs obtained. In the accuracy analysis, character frequency, number of strokes, Configuration, Gender and reading scores were entered as fixed factors to investigate their significance in predicting the copying accuracy. In the ISI model, the ISD, number of strokes, Configuration, Gender, character frequency, radical frequency, logographeme frequency, and regularity of the corresponding ISIs were entered as fixed factors to investigate their significance in predicting the ISIs. By-subject and by-item random intercepts and random slopes were included for each fixed main effect based on recommendations by Barr et al. (2013). Significance was determined using a cut-off point of t > 2. The results of the statistical models of accuracy and ISI analyses are summarized in Tables 2, 3 correspondingly.


TABLE 2. Results of the model examining the predictors of accuracy of delayed copying.

[image: Table 2]

TABLE 3. Results of the model examining the predictors of ISI of delayed copying.

[image: Table 3]



RESULTS


Accuracy of Delayed Copying

The average reading scores obtained was 131.88 with a standard deviation of 29.97. The average accuracy of the delayed copying task was 92.08% with a standard deviation of 7.09. Results of correlation test using Pearson’s r indicated strong association between reading scores and accuracy in delayed copying (r = 0.55, p < 0.01).

Results of LMEM showed that accuracy increased as character frequency increased (0.07 ± 0.03, average count), particularly among those with lower readings scores (interaction of Reading Score/Character Frequency: −0.0004 ± 0.0002). Results also showed that accuracy decreased as number of strokes increased (−0.07 ± 0.01, average count), particularly among those with lower reading scores (interaction of Reading Score/Character Frequency: 0.0004 ± 0.00008). Effect of Configuration and Gender were not significant in predicting Accuracy.



Inter-Stroke Intervals

Only accurate trials were included in the data analysis. Data from the items with ISIs beyond three standard deviations from the mean (a total of 0.3%) were excluded from the analysis. The results showed that the ISI increased with ISD (0.41 ± 0.05). The longer the ISD, the longer were the ISI. Besides, ISI also increased with stroke number (3.83 ± 1.02), meaning that longer ISIs were associated with characters with more strokes. On the other hand, ISI was observed to decrease with character frequency (−13.02 ± 2.79), meaning that shorter ISIs were associated with characters with higher frequencies.

Figure 2 shows the ISI as a function of BoundaryType and Reading Score. The results showed that the ISI increased with Reading Score at the Radical Boundary (interaction of Character Frequency/Between-Radicals: 0.72 ± 0.27) and decreased with Reading Score within logographemes (interaction of Character Frequency/Within-Logographeme: −0.39 ± 0.19). As indicated in the figure, Between-Radicals ISIs increased as Reading Score increased while Within-Logographeme ISIs decreased as Reading Score increased.


[image: image]

FIGURE 2. ISI as a function of BoundaryType and Reading Score. Non, non-boundary ISI; Logo, logographeme-boundary ISI; Radical, radical-boundary ISI.


Results also showed that ISIs located at the Logographeme Boundaries were significantly longer than ISIs within logographemes (98.22 ± 16.76). Effect of Configuration and Gender were not significant in predicting ISI.




DISCUSSION

The current study aimed at examining the orthographic knowledge required for writing Chinese characters among individuals with Vietnamese L1 and Chinese L2 by observing their performances in a delayed copying task.

Results showed that participants with lower reading scores were more prone to making errors in the delayed copying task. This strong association between reading and writing performance is consistent with previous studies conducted among L1 Chinese learners (e.g., Tan et al., 2005; Yeung et al., 2011) as well as L2 Chinese learners (e.g., Cao and Perfetti, 2016; Wong, 2018). In general, a strong reading-writing connection was reported among learners of Chinese.


Accuracy Analysis

In this current study, to understand the association between accuracy of delayed copying and reading score, the processes involved to achieve the requirement of the delayed copying task. Using the logogen model (Ellis and Young, 1996), Bonin et al. (2015) explained the processes involved in delayed copying task and Han et al. (2007) also highlighted the orthographic components involved in Chinese character delayed copying. During each trial of the delayed copying task, a Chinese character was presented. The participants were required to copy the character upon the disappearance of the Chinese character. To achieve this, if the character was a familiar item, it would be visually recognized and the corresponding stored item in the orthographic output lexicon would be activated. Subsequently, the sub-character units, such as phonetic and semantic radicals and logographemes, would be temporarily stored in the orthographic output buffer, waiting for the motor execution of writing. During the handwriting phase, the corresponding graphic motor patterns of the sub-character units would be retrieved for the motor execution of writing. In the case that the character was an unfamiliar item, the visual recognition stage would not be possible. Instead, the character would be directly broken down into its sub-character components and temporarily stored in the orthographic output buffer for the motor execution of the writing. Similarly, in the handwriting phase, the corresponding graphic motor patterns of the sub-character units would be retrieved for the motor execution of writing. To facilitate our discussion, the former, which involves familiar characters, is referred as the lexical approach, while the latter, which involves unfamiliar characters, is referred as the non-lexical approach.

It is important to note that the use of non-lexical approach should be more prone to making errors in the delayed copying task. It is because it involves only short term memory and lacks the support from long term lexical memory. The significant effects of character frequency and number of strokes in predicting the accuracy of the task observed in the current study provided support to this notion. High frequency characters should have higher familiarity than low frequency characters, hence are less prone to errors in the delayed copying. Similarly, the more number of strokes in the characters, the higher demand in the short term memory, particularly when unfamiliar characters were encountered, and, therefore, are more prone to errors in the delayed copying as well.

Finally, the significant interaction effect between reading scores and character frequency as well as the significant interaction effect between reading scores and number of strokes indicated that those with better reading scores were less affected by frequency and number of strokes of the stimuli in the delayed copying task comparatively. Among participants with better reading performance, it is likely that they have better lexical knowledge, which allows better usage of the lexical approach in the delayed coping task, as well as better orthographic knowledge, which allows better usage of the non-lexical approach when unfamiliar items were encountered. On the other hand, among participants with weaker reading performance, the insufficient lexical knowledge means they probably have to heavily rely on the non-lexical approach, which has heavy demand of orthographic knowledge, to achieve the task requirements. Therefore, the lower accuracies achieved indicated that they have insufficient orthographic knowledge too. The insufficient orthographic knowledge may be exhibited in the delayed copying task as (1) having fewer familiar orthographic units with various grain sizes stored, and/or (2) being not flexible enough in using orthographic units with various grain sizes in the processing. The results obtained in the ISI analysis further supported this claim.



Inter-Stroke Interval Analysis

In the ISI analysis, the results showed that longer ISIs are associated with longer ISDs. This is consistent with previous observations among L1 Chinese users (e.g., Lau, 2019, 2020b). Such observation should not be surprising, since the longer the physical distance that the fingertip travels during the writing process, the longer time should it take to achieve the travel.

Besides, the results showed that longer ISIs are associated with characters with more strokes. Again, this is consistent with previous observations among L1 Chinese users (e.g., Lau, 2020a,b). Lau (2020b) suggested that the positive correlation between number of strokes and ISIs may be due to more processing units being temporarily stored in the orthographic output buffer, which induced heavier processing demand during the writing process. This is particularly applicable when the non-lexical approach was used to achieve the requirement of the delayed copying task in the current study.

Moreover, results also showed that shorter ISIs are associated with characters with higher frequency. Once again, this is consistent with previous observations among L1 Chinese users (Lau, 2019, 2020a). Lau (2020a) suggested that the character frequency effect may reflect that the time needed to retrieve and/or plan for the writing of high frequency writing units are shorter than that of low frequency writing units. Alternatively, it is also possible that the delayed copying of low frequency characters relies heavily on the non-lexical approach, which induces heavier demands in short term memory given the lack of support from long term lexical memory. Hence, the handwriting process would also be affected accordingly, given the nature of cascaded relationship between central processing and peripheral processing of writing (e.g., Qu et al., 2011; Roux et al., 2013).

Finally, the results showed longer ISIs at radical boundaries and logographeme boundaries in general. Such significant boundary effect was reported in previous reports among L1 Chinese users (Lau, 2019, 2020a,b). Lau (2020b) suggested that the longer ISIs located at the orthographic unit boundaries were attributed to longer time required to retrieve the writing units. The significant orthographic unit boundary effects observed in the current study, therefore, indicated that all the participants chunk the target characters into smaller units when they write the characters. However, unlike typical mature L1 Chinese users, the radical boundaries are comparable instead of longer than logographeme boundary (i.e., radical-boundary ISI = logographeme-boundary ISI), except among the better readers. Only the better readers demonstrated the boundary effect that indicated a better mastery of orthographic units of different grain sizes in their writing (i.e., radical-boundary ISI > logographeme-boundary ISI > non-boundary ISI). It is important to note that a better mastery of orthographic units of different grain sizes does not necessarily mean an overall faster writing speed, hence shorter ISIs in general. Instead, the better mastery of orthographic units of different grain sizes should avoid the heavy reliance of orthographic buffer and/or short term visual memory to fulfill the task requirements. Therefore, individuals who can use both big and small units flexibly in the delayed copying task should demonstrate both higher accuracy in the task as well as the specific orthographic boundary pattern (i.e., radical-boundary ISI > logographeme-boundary ISI > non-boundary ISI) in their handwriting performance.

Our results indicated that among those scored low in the reading task, they showed tendency to use smaller units, i.e., logographemes, as the writing units, while among those score high in the reading task, they demonstrated higher tendency to use both large units, i.e., radicals, and small units, i.e., logographemes, as the writing units. In fact, this mastery sequence from small to larger orthographic units is consistent with previous observations among L1 Chinese learners. For example, Lau (2019) tested a group of grade 1 and a group of grade 5 L1 Chinese children using an immediate copying task. It was observed that only the grade 5 children showed tendency to use both logographemes and radicals as writing units, while the grade 1 children showed tendency to use only logographemes as writing units. It was suggested that the early L1 Chinese learners tend to use smaller writing units, because the smaller units consist of fewer strokes, such that the associated graphic motor patterns are less complex. Besides, it was also suggested that the tendency is related to the fact that there are more units to be learnt when the orthographic units are bigger (e.g., Ziegler and Goswami, 2005; Lui, 2012). Similar explanations should also be applicable to beginning L2 Chinese learners.

When the L2 Chinese learners achieve more advanced levels, they demonstrated higher tendency to use bigger processing units in writing. There are at least three benefits of using radicals as writing units. First, fewer units will be needed to be temporarily stored in the orthographic output buffer, which makes it less error prone in the writing task, independent of the usage of the lexical or non-lexical approach to achieve the requirements of the delayed copying task. It is because the orthographic output buffer is in the common pathway shared by the two approaches. Second, the use of bigger units, i.e., radicals, potentially allows the usage of the phonological information associated with phonetic radicals (e.g., Lau and Ma, 2018; Lau, 2020a) and semantic information associated with semantic radicals (e.g., Law et al., 2005) in supporting the writing process. Finally, the use of bigger units appears to have the advantage of achieving more efficient writing, as indicated in the significant decrease in the non-boundary ISIs observed among those who performed better in the reading task. This may be a result of reducing demands in the orthographic output buffer and/or having support from the phonological and semantic information associated with the radicals. Future studies will be needed to warrant this claim.



Orthographic Knowledge of Chinese L2 Learners Reflected in the Handwriting Task

In the current study, we attempted to use a handwriting task to measure orthographic knowledge of Chinese L2 learners. In the following, we discussed how the knowledge of the Chinese orthographic system required for writing Chinese characters, including the configuration of the Chinese characters, a repertoire of the orthographic units of different grain sizes, and the positional consistency of the components, can be observed in the handwriting task.

In the delayed copying task conducted, characters of either left-right or top-bottom constructions were selected as stimuli to observe the participants’ awareness of left-right and top-bottom configurations of Chinese characters. Given that the results of both accuracy analysis and ISI analysis indicated no significant effect of configuration in predicting the participants’ performance, it is suggested that the majority of our participants have mastered the awareness of the configurations of Chinese character. Results of error analysis further supported this notion.

One possible way to detect the confusion of configurations of characters concerns the observations of stroke sequence used by the participants in copying the target characters. One such example was given in Figure 3. As observed in the sequence of writing, indicated by the number next to the onset position of each stroke written, the top-bottom configured character “获”[huo4]<obtain> was written as left-right configured. Nevertheless, such kind of errors was observed to be really exceptional in the current study. Among all the errors produced by the participants, only one involves such confusion of the configuration of the target character. The error was produced by a participant whose reading score ranked second lowest among all participants. Hence, it is suggested that the awareness of common configurations of characters should be relatively easy that even beginning L2 Chinese learners who have completed grade 1–4 of HSK are able to master. It is further suggested that future studies should include other less common configurations of characters, such as enclosed and semi-enclosed configurations (Yeh and Li, 2002; Chang et al., 2021), to obtain a more comprehensive picture of how L2 Chinese learners master the awareness of different character configurations.


[image: image]

FIGURE 3. An example of error indicating confusion of character configuration. The order of stroke sequence was indicated next to the onset position of each stroke.


Regarding the repertoire of orthographic units of different grain sizes, as indicated in the ISI analysis, the low achievers in the reading test demonstrated the abilities to use logographemes but not radicals in their writing. On the contrary, those with higher reading scores managed to use both logographemes and radicals in their writing. It is suggested that the better readers possess larger repertoires of orthographic units of different grain sizes, which allowed them to perform better in the delayed copying task. Nevertheless, it is noteworthy that the majority (72.3%) of the errors observed in the task involve substitutions or omission of logographemes, which were observed among both weak and good readers. This suggested that despite having relatively larger repertoire of orthographic units, the better readers in the current study still have not master all the orthographic units required for the delayed copying task. This is, in fact, within expectation, as building the repertoire of orthographic units probably requires sufficient exposures and practice.

The third area of orthographic knowledge concerns the positional consistency of orthographic units. Although there was no observation of errors produced by the participants that involved substitutions using logographemes in illegal positions, this may not be sufficient to argue that the participants demonstrated the awareness of positional consistency of orthographic units. Instead, given that the positional consistency of orthographic units should be item-specific, hence the corresponding knowledge should also be exposure-dependent, it is expected that even the better readers in the current study may not have fully mastered the awareness. It is suggested that future studies that include stimuli containing orthographic units of varying degree of positional consistency will be needed to further the investigations.



Limitations and Future Studies

One obvious limitation of the current study concerns the gender-imbalance of the participants. While this may have potentially created a gender biased issue regarding the results obtained, the female-dominance in the participants actually reflected the common gender-imbalance of L2 Chinese learners in Vietnam. Despite the fact that the insignificant effect of gender observed in both the accuracy and ISI analyses in the current study appeared to support that gender is not a critical factor that affects orthographic knowledge, it is suggested that future studies should try to include more male participants to avoid similar gender-imbalance issue.

Another potential source of limitations concerns the remoteness of the data collection which was conducted through online Zoom sessions. Despite generally good audio and video quality of all the recordings was revealed, it is unclear whether the precision across different smart devices used by the participants may vary, hence potentially affecting the data obtained. The fact that recent studies (e.g., Anwyl-Irvine et al., 2021; Bignardi et al., 2021) reported high accuracy, reliability and validity of data obtained from browser-based and tablet-based experiments, which are independent from the operating systems of the smart devices used, may provide some support to the use of remote data collection via smart devices. It is suggested that a more ideal way is to at least obtain information of smart devices used by the participants and include that as a control variable in the statistical analysis in the future. This is considered particularly important, as remote data collection is getting more popular these days, especially under the city-wide lockdown policies announced by many governments due to the COVID-19 pandemic. The use of browser-based experiments, such as the delayed copying task used in the current study, may help to reduce the difficulties of collecting data face-to-face. In fact, we have further identified other advantages of using browser-based experiments. For example, it allows efficient data collection, which is welcomed by most participants, particularly during the pandemic, as they do not have to physically attend the experiment sessions. It is further suggested that future studies should explore the use of automatized browser-based copying experiments, while at the same time statistically controlled for the potential variability due to precisions of different smart devices, to achieve mass data collection through crowd-sourcing (e.g., Huang et al., 2016). Data obtained from such big-data experiments should yield invaluable results.

Finally, given the success of the current study in using the delayed copying task to measure orthographic awareness of L2 Chinese learners, it is suggested that future studies should make better use of similar handwriting experiments to investigate other areas of orthographic awareness, required for writing Chinese characters, such as positional consistency of orthographic units. Besides, previous experiments also reported significant phonetic regularity effect among L1 Chinese users’ handwriting performance (e.g., Lau, 2020a). Future studies involving experiments of similar construct are recommended to investigate L2 Chinese learners’ knowledge of the functions of phonetic and semantic radicals of Chinese characters. Such experiments should allow the investigation of how L2 Chinese learners master not only the orthographic system but also its interactions with the phonological and semantic systems of Chinese.




CONCLUSION

The current study attempted to use a delayed-copying task to measure the orthographic awareness required for writing Chinese characters among L2 Chinese learners in Vietnam. The results of accuracy analysis and ISI analysis indicated that the awareness of character configurations is mastered by most L2 Chinese learners who have completed at least grade 1–4 of HSK. Besides, the results of the ISI analysis further indicated that the weaker readers tend to use only small grain size orthographic units while the better readers tend to use both small and big grain size orthographic units in the delayed copying task. We propose that the use of stimuli with different orthographic properties together with handwriting measures is effective in measuring the orthographic awareness of L2 Chinese learners.
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FOOTNOTES

1Distinguishing between logographemes and radicals is sometimes difficult, as some logographemes share the same orthographic forms with radicals. For example, the logographeme 忄 in the character 筷 shares the same orthographic form with the semantic radical 忄<mental−related> in the character 憶 [yi4]<recall>. In the latter case, the radical 忄 gives clues to the meaning of the target character 憶, whereas in the former case, the logographeme 忄 contributes neither to the sound nor the meaning of the target character 筷. In this study, logographemes and radicals were defined according to whether they carry functions of semantic and phonological in the character contexts or not.

2It is noteworthy that finger-writing differs from stylus-writing according to the literature (Prattichizzo et al., 2015). The difference, however, has been reported to be related to the precision of strokes in the writing instead of the overall outcome, hence the accuracy, of the writing. In other words, finger-writing mainly affects the degree to which precision of motor execution of writing can be achieved. In the delayed copying task used in the current study, the required orthographic knowledge in the processing, including the configuration of characters, the repertoire of orthographic units with different grain sizes, and the positional consistency of orthographic units, should be common no matter finger-writing or stylus-writing is used.
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Chinese characters are central to understanding how learners learn to read a logographic script. However, researchers know little about the role of character writing in reading Chinese as a second language (CSL). Unlike an alphabetic script, a Chinese character symbol transmits semantic information and is a cultural icon bridging embodied experience and text meaning. As a unique embodied practice, writing by hand contributes to cognitive processing in Chinese reading. Therefore, it is essential to clarify how Chinese character writing (bodily activity), language distance (past language usage), and cultural background (bodily coupling with the environment) influence CSL reading proficiency. Based on extant research on L2 reading acquisition and strength of key theoretical perspectives of embodied cognition theory (ECT), this study tested a regression model for CSL reading involving individual-level factors (Chinese character writing proficiency [CCWP]) and group-level predictors (language distance and cultural background). This study collected big data in a sample of 74,362 CSL learners with 67 diverse L1s. Results of hierarchical linear modeling showed a significant effect of CCWP and significant language distance × CCWP interaction effect on reading proficiency; however, cultural background × CCWP interaction effect was not significant. These results conform to the ECT and indicate that bodily activity, past language usage, and cultural background aided reading. CCWP may benefit from withstanding the negative transfer from L1s. Furthermore, CCWP and cultural background are not synergistic predictors of reading. This study may open novel avenues for explorations of CSL reading development.

Keywords: Chinese as a second language (CSL) reading, Chinese character writing, Sinosphere, language distance, embodied cognition theory


INTRODUCTION

Reading and writing are inextricably linked. Chinese characters, regarded as most complicated visual scripts (Chang et al., 2018), are central to our understanding of how learners learn to read a logographic script (Tan et al., 2005a,b; McBride, 2016; Yin and Zhang, 2021). Given wide differences between alphabetic and logographic scripts, learning to read and write Chinese characters is one of the main challenges and a real problem for CSL beginners who are non-native Chinese speakers (Allen, 2008; Ye, 2013; Li, 2020).

In literacy education, the increasing use of electronic media and devices gives rise to a spirited debate centering on the role of Chinese characters: does Chinese reading depend on character writing1 (Tan et al., 2005b; Bi et al., 2009)? Is it necessary to learn Chinese character writing (Allen, 2008; Lam and McBride, 2018; Zhou et al., 2020)? When is the best time to start learning Chinese characters? (Ye, 2013; Knell and West, 2017). Over the past two decades, many cross-disciplinary scholars have attempted to solve these problems. These studies mainly focused on character recognition (e.g., Siok and Fletcher, 2001; Liao et al., 2008; Guan and Fraundorf, 2020; Jiang et al., 2020; Zhang H. et al., 2020; Zimmer and Fischer, 2020; Guan et al., 2021), without considering the role of the embodiment of handwriting, which is deemed essential to the embodied cognition theory (ECT). Specifically, the ECT underlines the interaction among perception, action, body, and the environment (Barsalou, 2008). This theory also offers a novel perspective on relationships between language and cognition (that is, the physical body and embodied experience are the origins of cognition), setting it apart from the modular view of linguistic nativism, linguistic determinism, and linguistic relativity, which treats language and cognition as distinct and independent systems.

Some recent studies have established and adopted a large-scale character handwriting database to examine relationships between Chinese character writing and reading. Of these, Wang et al. (2021) collected 200 handwriting characters from 203 native Chinese speakers with their writing latencies, durations, and accuracies. They used this database to explore influential factors of Chinese character amnesia (Huang et al., 2021b) and then further investigated the role of lexical characteristics and individual differences in relationships among tip of the pen (TOP), character amnesia, and partial orthographic access in TOP states (Huang et al., 2021a). However, researchers have used different production protocols and measurements of Chinese character writing and reading. For example, Wong (2018) measured writing fluency using a character copying task with restricted time. In the research of Li et al. (2019), writing was assessed with a dictation task.

This study aimed to examine the role of Chinese handwriting in reading acquisition through big data from a national CSL proficiency test, Hanyu Shuiping Kaoshi (HSK). The primary objective was to investigate how three embodiment factors of a Chinese character, Chinese character writing (bodily activity), language distance (past language usage), and cultural background (bodily coupling with the environment), may contribute to individual differences in CSL reading proficiency. By highlighting the role of character writing in CSL reading acquisition, we hope to contribute to the existing literature for a better understanding of the multifaceted and embodied features of CSL reading acquisition and provide support to the theoretical perspectives of ECT.


Overview of Chinese Character Research


Orthographic Knowledge of Chinese Characters

Researchers generally have acknowledged that sufficient orthographic knowledge benefits the processing of word spelling and reading comprehension (Perfetti and Hart, 2002; Ehri, 2005, 2014; Koda, 2007). However, as a morpheme-syllabic writing system, the orthography of Chinese is noticeably different from grapheme-phoneme writing systems such as English. This difference becomes one of the main challenges in learning Chinese (Shen, 2010; Hsiao et al., 2015; Zhang and Reilly, 2015; Li, 2020). There are two main difficulties that may be caused by this L1–L2 orthographic variance in CSL acquisition.

The first difficulty is due to complicated components of Chinese orthography, which requires lots of cognitive effort to decode, memorize, and distinguish (Qian et al., 2018). Chinese characters can be roughly classified into two categories: compound and integral (Wang et al., 2003; Shen and Ke, 2007; Du, 2015). In general, an integral character has only one radical on its own, and a compound character contains at least two or more radicals. The orthography of almost all Chinese characters consists of three elements: stroke, radical, and whole character (Shen and Ke, 2007). Usually, several strokes constitute a radical and several radicals form a character. Statistically, in modern Chinese, 214 radicals with 32 strokes that convey both sematic and pronounceable information appear in about 80% of 7,000 frequent Chinese characters (McNaughton and Ying, 1999; Chinese Language Committee, 2009).

The second difficulty is the weak correspondence between form and pronunciation of Chinese characters (Shen, 2005; Sung and Wu, 2011). Especially, majority of Chinese characters are homophones. For example, the phonogram “[image: image]” (pronounced “zhu1,” spider), which consists of the semantic radical “[image: image]” meaning “insect,” and the phonetic radical “[image: image]” (pronounced “zhu1”) (the numbers are for indicating tones). Likewise, “[image: image],” “[image: image],” “[image: image],” and “[image: image]” are all pronounced “zhu1” based on their phonetic radical “[image: image].” However, the connection among pronunciation, meaning, and character form is not always regular. In other words, it is diverse for the correspondence between the pronunciation of a phonogram and its combination of radicals. For instance, “[image: image]” (pronounced “shu1,” different) is not dependent on its phonetic radical “[image: image]” (zhu1) or its semantic radical “[image: image],” meaning “evil.” An indexical hypothesis (Glenberg and Robertson, 1999) claims that the most important language comprehension process is indexing of words or scripts to corresponding objects or mental representations. Together, these examples and studies indicate that understanding the underlying schema of Chinese characters could contribute to further Chinese reading comprehension of learners.

In summary, Chinese seems more linguistically complex than other languages might be on account of the unique combination rules of character orthography. However, the complicated features are almost certainly results of the historical evolution of the Chinese language for over thousands of years. As a basic unit of the Chinese language, character, which heavily carries culture, is a semiotic tool to communicate and a medium of cognition and thought.



Embodiment of Chinese Characters

Since the 1980s, the idea of embodiment has received increasing emphasis in cognitive sciences. According to the ECT, the medium through which one knows the world is the “body” (e.g., Clark, 1997; Lakoff and Johnson, 1999; Glenberg and Robertson, 2000; Streeck et al., 2011; Glenberg and Gallese, 2012; Wilson and Golonka, 2013). This “body” not only refers to one’s physical organisms but also bodily contact with the world (Inui, 2006). Namely, cognition is assumed to be grounded in embodied experience (embracing bodily activity and perceptual experience) and context. So far, scholars have a different understanding of embodiment. Based on previous literature, the implications of the embodiment of Chinese characters can be discussed in three aspects.

First, handwriting is an embodied activity. The ECT claims that cognitive processing is associated with the particularity of one’s physiological body (Shapiro, 2007; Streeck et al., 2011; Glenberg and Gallese, 2012). In other words, bodily activity might be a way of knowing. It has previously been observed that the perceptuo-motor process of bodily activity offers information and potentially influences the construction of knowledge (Streeck et al., 2011; Lawrence, 2012). For example, study of Strati (2007) described how a building worker skillfully walked on a roof using the tactile experience of his feet.

Thus, a handwritten script is “an imprint of action” (Longcamp et al., 2006). Writing by hand is a direct way by which bodily movements can interact with cognitive processing. In addition, handwriting mobilizes perceptuo-motor processing (Addy, 1996), and then the perception during writing contributes to cognitive processing (Longcamp et al., 2003; Tan et al., 2005b; James, 2017). Interestingly, brain neuroimaging research has found that some specific Brodmann’s areas were strongly activated for Chinese characters (Tan et al., 2001, 2005a; Hu et al., 2018). The findings from these studies suggest that the processing Chinese characters may be related to the experience of bodily activity. If so, handwriting, as an embodied action, might contribute to the cognitive processing of characters.

Second, learning a new language is learning a new conceptual system. Traditional dualism claimed that a physical substance (mind) had no bearing on a mental substance (body). Unlike the traditional view, the ECT supports the view that the experienced sensations and perceptions in the past are still work on one’s cognitive processing in the moment (Lakoff and Johnson, 1980). In short, an embodied experience might shape one’s way of thinking. Couched in the ECT framework, Lakoff and Johnson (1980) proposed that the way one conceptualizes the world is metaphorical. Likewise, there is a strong possibility that language is metaphorical. Therefore, to learn a new language2 is likely to learn a new system of metaphors and conceptions apart from language features. Research has also shown that comprehension cannot be devoiced from the bodily sensory-motor system (Desai et al., 2010; Emmorey et al., 2014; Slepian and Ambady, 2014). For example, through tasks on building bodily metaphor, Slepian and Ambady (2014) found interactions among sensorimotor schema, comprehension and estimation, and abstract conception in reading.

Chinese, to some extent, is a representation of the ECT, with enormous metaphors involving embodied experience. Although simplification results in weaker link among radicals, the Chinese written language still represents the linguistic, psychological, and cultural features of the Chinese nation (Pae, 2020). According to Quinn (1987), a cultural model was critical for social members’ understanding of the world and their behavior. Cultural models underlying the conceptualization of Chinese characters reflect culture-specific concepts constructed in Chinese context. So far, researchers have proven the effect of past language usage of bilinguals on cognitive categorization in several conceptual domains, such as speech, gestures, memory for motion, and posture (Brown and Gullberg, 2008, 2011; Filipović, 2011; Smithson and Nicoladis, 2013), objects and substances (Cook et al., 2006; Pavlenko and Malt, 2011), emotions (Pavlenko and Driagina, 2007), motion events (Bylund et al., 2013; Park, 2020), and event construals (Wang and Wei, 2019). Moreover, behavioral and event-related potential (ERP) research has found that various language speakers have different ways of perceiving and conceptualizing the world (Liu et al., 2010; Jared et al., 2013; Wang et al., 2018). For example, Liu et al. (2010) investigated English and Mandarin speakers through category judgment tasks. English speakers showed larger N300 and N400 ERP component differences. In contrast, Chinese speakers showed no such differences in processing atypical and typical items (e.g., to judge the membership of “train” in English or huo3che1 “[image: image]” in Chinese [atypical] and “car” in English or jiao4che1 “[image: image]” in Chinese [typical] pictorial exemplars of a category “vehicle” in English or che1 “[image: image]”in Chinese). The researchers further found that the Chinese speakers elicited moderate N300 and N400 effects on Chinese orthographically transparent items (e.g., the radical “bug” chong2 “[image: image]” in character for the noun “butterfly” hu2die2 “[image: image]”), while the English speakers showed such ERP effects on English morphologically transparent items (e.g., catfish). These findings indicate dramatic differences in the English and Chinese speakers’ processing of category judgments.

Therefore, one of the essential preconditions for understanding a script or a word is to underlie its metaphors and conceptions. If not, it may cause misunderstanding. Carrying over “[image: image]” exemplifies the metaphor of Chinese characters. The metaphor “[image: image]” originated from a Chinese schema that autumn (“[image: image]”) is in one’s heart (“[image: image]”). In detail, “[image: image]” traditionally represents the physical heart and is the core of mind, thought, and mood [see Yu (2009) for more detailed explanations]. In Chinese culture, autumn is often a metaphor for mixed emotions of happiness of the harvest and sadness of the forthcoming desolate scene. Thus, “[image: image]” generally means a complicated feeling of happiness, worry, solitude, and sadness. Compared to the integral characters stated before, “[image: image]” is beyond simply describing the schema of concrete objects. All of these language idioms or conventions represent the perception and conceptualization of Chinese people in daily life.

Third, cultural background influences cognition of Chinese characters. The ECT believes that interactive relationships exist among our mind, action, body, and context (Lakoff and Johnson, 1980, 1999; Hutchins, 1995; Barsalou, 2008; Spackman and Yanchar, 2014).

In the first place, the development of Chinese characters is embedded in culture and history, and, in turn, characters that carry cultural and linguistic information influence surrounding regions. Historically, Chinese characters were cornerstones of East Asian culture development. Characters documented Chinese culture and then spread throughout other regions for millennia. These regions are considered as a cultural sphere, Sinosphere (also known as the East Asian cultural sphere, Chinese cultural sphere, or Sinic/Sinitic world). On the one hand, there are notable linguistic similarities among Sinosphere languages (Matisoff, 1973, 2001; Enfield, 2011; Brunelle and Kirby, 2016). On the other hand, Sinosphere regions, such as Japan, Korea, and Vietnam, share similar conceptions, which can reflect in Chinese characters.

In the second place, Chinese characters acquisition is affected by bilingual learners’ L1 context. Contextual factors affect and constitute cognition. ERP research has found that bilinguals’ cultural context impacts their semantic (Jared et al., 2013) and conceptual representations (Berkes et al., 2018) in lexical access. To elaborate, we continue with the example “[image: image]” (heart). Matisoff (1986) discussed the concept of heart and mind in Southeast Asian languages with a comparative perspective in English. The research found that many Sinosphere languages prefer to describe psychological phenomena using metaphors of a bodily organ. For Chinese characters, radical usage, which represents bodily organs, like “[image: image]” (heart), gives morpheme a psychological allusion. As mentioned above, the Chinese “heart” covers the meaning of both heart and mind, regarded as the center of both emotion and mood. However, like other European languages, English concepts of the heart are separated from the mind. This difference reflects a culturally specific concept developed in the Anglo-Saxon context (Wierzbicka, 1989, 1992; quoted in Yu, 2009). Therefore, individuals, especially bilinguals (Jared et al., 2013; Berkes et al., 2018; Wang and Wei, 2019), with different L1 sociocultural backgrounds are likely to have different cognitions for characters.




Research on Chinese Character Writing and Reading Comprehension3


The Role of Chinese Characters in Reading Comprehension

The role of Chinese characters in reading has received increased attention across a number of disciplines in recent years. Unlike an alphabetic language, the orthographic form of Chinese characters is more effective than phonological representations in reading comprehension because of weak regular corresponding rules between the form and phonology of characters (Xu et al., 2013). Some research has investigated the role of characters by stroke (e.g., Zhang, 2014; Chang et al., 2015; Dall et al., 2021), pinyin (e.g., Zhang et al., 2019; Xiao et al., 2020; Ju et al., 2021), character copy skills (e.g., Ye et al., 2021), phonological awareness (e.g., Siok and Fletcher, 2001; McBride-Chang et al., 2004; Zhang and Roberts, 2019, 2021a), morphological awareness (Nagy et al., 2002; Liu and McBride-Chang, 2010), radical awareness (Shen and Ke, 2007; Wong, 2017; Zhang and Roberts, 2019), and orthographic awareness (Siok and Fletcher, 2001; Loh et al., 2018; Tong et al., 2019; Chen et al., 2021; Zhang and Roberts, 2021a). However, differences in testing methods may lead to different results. For instance, some research (e.g., Tan et al., 2005b; Wong, 2017) employed a copy task in which materials were self-designed to the character writing ability of test participants, and the results indicated close relationships between Chinese handwriting and reading. However, other research (e.g., Zhai and Fischer-Baum, 2019) used a visual same/different judgment task on pairs of characters, and the results failed to find this significant contribution of character writing to reading.

Debates on the role of character writing have gained fresh prominence, with many arguing whether handwriting contributes to Chinese reading. There is a vast amount of research showing that strong knowledge of and skills in character writing facilitate orthographic processing in Chinese reading for children (Tan et al., 2005b; Wang et al., 2014, 2015; Chung et al., 2018; Zhang J. et al., 2020) and adults (Kuo et al., 2015; Tong and Yip, 2015; Tong et al., 2016; Zhang J. et al., 2020). However, literature has emerged that offers contradictory findings on strong effects of character writing on reading (e.g., Bi et al., 2009; Zhai and Fischer-Baum, 2019). For instance, a case study on a brain-impaired adult patient with writing deficit found no such effect of writing through reading and character writing tasks (Bi et al., 2009). Although he lost the ability to write by hand, this patient could still recognize Chinese and read it aloud. This finding displayed a clear dissociation rather than a strong relationship between Chinese writing and reading. However, conflicting results from these studies suggest the need to further investigate if CSL learners with different Chinese character writing skills also have variances in reading acquisition or, more likely, if are there factors that moderate the reading differences and, if so, what are the factors?

The importance of handwriting is now well established. While some research has been carried out on character recognition, there is very little scientific understanding of character writing. For instance, studies have found that visual-orthographic knowledge can help learners more quickly and easily recognize characters (e.g., Tong and McBride-Chang, 2010; Huang et al., 2020). Nevertheless, neuroimaging studies have found that reading Chinese characters activates motor-related zones apart from visual zones in the brain (Longcamp et al., 2003, 2005; Tan et al., 2005b; Yin and Zhang, 2021). In addition, research has also found a moderate effect of writing motor execution on deep orthographic processing (Yin et al., 2020). However, the influence of character writing on reading comprehension in CSL reading acquisition has remained unclear.



The Role of Language Learning Experience in Reading Comprehension

Embodied cognition theory research opens an avenue for a better understanding of cognitive processing and the three elements (bodily activity, language learning experiences, and context). Reading comprehension is one of the advanced cognitive processes closely associated with linguistic knowledge and cognitive skills (Stanovich, 2000; Koda2005a,2007; Jeon and Yamashita, 2014). Recent L1 and L2 reading research has extensively applied the component-skills approach to reading. One much-debated question addressed by Alderson (1984) in reading research was whether L2 language knowledge (e.g., orthographic, vocabulary, and phonological knowledge) was related to reading proficiency or cognitive processing (e.g., attention, working memory and metacognitive awareness). The existing body of research on language experience suggests that prior literacy experience influences literacy development in SLA (Hamada and Koda, 2008; Koda, 2008; Tong et al., 2016), and that language learning experience benefits in the early formation of perceptual organization (Kimchi and Hadad, 2002; Yeh et al., 2003). For example, Yeh et al. (2003) investigated the effect of language learning experience on the perceived graphemic similarity of Chinese characters with two shape-sorting tasks. The results showed that Chinese and Japanese undergraduates categorized characters based on configurational structures. In contrast, Chinese illiterate adults and kindergarteners classified characters by strokes or components. However, what is not yet understood is the relationship between language experience and CSL reading comprehension.

Language distance refers to the extent of similarity or differences between two languages. In other words, language distance is a measurement of classifying languages by their linguistic features. The current understanding of language distance in SLA suggests a positive cross-linguistic influence when L1 and L2 are linguistically similar or overlapped (Sharwood Smith and Kellerman, 1986; Jarvis and Pavlenko, 2008), and negative influence more likely occurs in beginners (Odlin, 1989). This influence may happen at a conceptual level (Jarvis and Pavlenko, 2008). According to Koda’s 2005a,b Transfer Facilitation Model, language transferring ability can provide top-down help for reading development and other associated abilities in another language. Because of overlaps and differences among all languages, language distance might be a main factor of the transfer.

Evidence from several studies suggest that language distance plays a moderate role in L2 reading acquisition (Melby-Lervåg and Lervåg, 2011; Jeon and Yamashita, 2014). A meta-analysis research (Jeon and Yamashita, 2014) study showed that linguistically similar languages (between Indo-European L1s and L2s) were more closely related to reading comprehension than linguistically distant languages. Interestingly, in the study of Jeon and Yamashita, language distance significantly affected reading comprehension but had no moderating effects on vocabulary or grammar knowledge, thereby rejecting their hypothesis. The authors explained that observing the cross-linguistic influence might be easier at a complex variable level (e.g., reading comprehension) than at a single variable level (e.g., vocabulary and grammar). Meanwhile, Tong et al. (2016) proposed a non-native Chinese character processing (NCCP) model to explain how semantic and phonetic radical information was accessed when learners with different L1 orthographies were processing Chinese characters. In this model, L1–L2 (Chinese) orthographic distance and context modulated the activation of word identification in two language systems. However, there has been little agreement on how L1–L2 distances of learners moderate the relationship between Chinese character writing and reading comprehension.



Role of Context in Reading Comprehension

Sociocultural context is pivotal in SLA research (Vygotsky, 1978; Ellis, 2008; Green and Abutalebi, 2013; Tong et al., 2016). There are some interfaces between sociocultural theory (Vygotsky, 1978) in SLA and ECT in cognition: they both focus on the interaction between individuals and environments (Lan et al., 2015). According to the theory of Vygotsky, relationships between individuals and social context are inseparable; context and interaction with the context are two critical mediating factors in language learning (Ellis, 2008). Interacting in the social context provides essential SLA scaffolding (Vygotsky, 1978). This theory emphasizes the importance of external mediation, from which internal activity originates (Swain, 2000; Ellis, 2008). However, only few studies have investigated the role of character writing in Chinese reading acquisition based on these two crucial theoretical frameworks.

Theories on L2 reading have focused on predictors of social environment. For example, the Component Model of Reading (Joshi and Aaron, 2000, 2012) integrated individual and contextual factors. This model proposed that ecological and psychological surroundings had an impact on reading proficiency and cognitive skills. Moreover, recent bilingualism research has suggested ascribing language processing, cognitive processing, and brain organization to the experience of language learning and using and social factors surrounding this experience (Gullifer et al., 2018, 2021; Anderson et al., 2020; DeLuca et al., 2020; Tiv et al., 2020).

When it comes to Chinese characters, it is hard to overstate the importance of Sinosphere, because Sinosphere reflects the continuous improvement of East and Southeast Asian civilization around Chinese language and culture. Many previous studies have pioneered the effect of language background and compared CSL characters learners in various language contexts (Ke, 1998; Jiang, 2003; Xu, 2007; Zhang, 2008; Lin and Collins, 2012; Li et al., 2014; Ke and Chan, 2017; Tang and Chan, 2021; Zhang and Roberts, 2021b). Of these studies, Zhang (2016) compared the development of character orthographic awareness between ethnic and non-ethnic Chinese international students from Southeast Asian countries. The results failed to showed advantages of ethnic Chinese in the development of CSL character orthographic awareness but of character component and position awareness. Ke and Chan (2017) explored relationships among CSL reading strategies, L1 background, and L2 proficiency by examining participants from Chinese and non-Chinese cultural spheres. The results showed that intermediate learners with Chinese cultural background were more advantaged than the others, but this advantage disappeared when learners were more proficient in Chinese. These findings suggest a difference in L2 achievement in different L1 cultures.




This Study

Based on literature review, enormous research has documented the role of Chinese characters in CSL reading acquisition. However, researchers have paid little attention to the relationships between characters and reading based on the perspective of ETC and SLA from big data in a real scene. First, writing is an embodied activity, but most research on the role of Chinese characters in reading has investigated character recognition instead of character writing, and studies on character writing have adopted unofficial measurement tools or tasks to test the character writing skills of participants. Second, Chinese characters are embodied in culture and context. Although ECT frameworks have been discussed theoretically in most previous research studies, empirical evidence is still lacking. Third, since there are overlaps between the ECT and SLA, it is indispensable to employ the ECT to examine SLA issues, despite lack of previous studies. Therefore, to fill these gaps, this study focused on the following questions:

RQ1: Does character writing (i.e., bodily activity) facilitate reading?

H1: Character writing proficiency is positively related to the reading proficiency of learners.

RQ2: How do the L1s of learners (i.e., past language experience) moderate relationships between character writing and reading?

H2: Character writing proficiency will be more strongly associated with decrease in reading proficiency of learners when their L1s are linguistically distant to Chinese than when their L1s are more similar to Chinese.

RQ3: What role does cultural background (i.e., environment) play in the CSL reading comprehension of learners with various cultural backgrounds?

H3: There will be an interactive effect between cultural background and handwriting. Character writing proficiency will be more strongly associated with an increase of reading proficiency of Sinosphere learners than non-Sinosphere learners.




MATERIALS AND METHODS


Participants

We made use of the subset of a large-scale database, which was gathered in 2009, containing information on 80,506 examinees who participated in the HSK test at various locations in China. A brief questionnaire collected their individual background information when examinees registered for the HSK test online. This non-mandatory survey included questions about basic demographic features of learners such as gender, country of birth, age, and mother tongue.

Next, we selected samples from the original data of 80,506 examinees. First, 4,018 participants were excluded because of missing individual information and 1,728 participants owing to their unrealistic or ambiguous answers in the questionnaire. Second, 17 participants were excluded because of the scribble of the names of their L1s. Third, the study also removed 381 participants whose age was over 80 years. The final samples consisted of 74,362 CSL learners (M age = 23.3 years, range = 9.4–79.3 years; 36,528 males and 37,834 females) without outliers (e.g., unrealistic or ambiguous answers) or missing values.

The learners spoke 67 L1s (M = 1,109.9 speakers per language) and came from 173 countries (M = 429.8 speakers per country). There were 307 learners with Chinese as an L1, accounting for 0.41% of all the samples. These L1s, according to the World Atlas of Language Structures [WALS] (Dryer and Haspelmath, 2013), included about 14 language families (i.e., Afro-Asiatic, Altaic, Austro-Asiatic, Austronesian, Dravidian, Indo-European, Japanese, Kartvelian, Korean, Niger-Congo, Sino-Tibetan, Tai-Kadai, Turkic, and Uralic).



Instruments


Hanyu Shuiping Kaoshi

Hanyu Shuiping Kaoshi (HSK, abbreviation of Chinese pinyin: Hànyǔ Shuǐpīng Kǎoshì; literally translated as Chinese Proficiency Test) is a standardized and the most widespread test for assessing the Chinese language proficiency of non-native speakers in the world. HSK development has gone through three stages (see review by Teng, 2017 and Meyer, 2014). The HSK Testing Center of Beijing Language Institute (BLCU) designed and developed this test in 1984. Then, in 2010, China’s Hanban/Confucius Institute Headquarters (i.e., Office of Chinese Language Council International) supported and reformatted the test as the New HSK. The designers kept all the three versions of HSK comparable (Hanban, 2011).

In this study, CSL reading and writing data came from the raw data of HSK (Elementary–Intermediate) (M = 50, SD = 15) in 2009.4 Why did we use the sample data of BLCU’s HSK rather than the New HSK? First, the BLCU’s HSK has a longer history. The BLCU’s HSK had advanced based on experience in CSL proficiency testing design and practice of over 26 years (1984–2010). During this time, researchers conducted many empirical investigations to improve the test (e.g., Chai, 2006; Cheng, 2006; Huang, 2006). Thus, these studies verified the BLCU’s HSK reliability and validity (Meyer, 2014). Second, the BLCU’s HSK mainly focuses on examinees’ integrative ability of four language skills (listening, speaking, reading, and writing) and communicative competence, which is more applicable for this study.

The HSK consists of three levels of CSL proficiency: beginning level (HSK Basic), intermediate level (HSK Elementary–Intermediate), and advanced level (HSK Advanced). Learners who have mastery of 2,000–5,000 Chinese words and certain grammar rules are at the HSK Elementary–Intermediate level. This level covers learners with a wider range of proficiency than other HSK levels. HSK Elementary–Intermediate consists of four subtests (i.e., listening [50 items], grammar structure [30 items], reading [50 items], and cloze [40 items]), with 170 items in total. Of these, 1–154 items are multiple choice and 155–170 items are fill-in-the-blanks. This study focused on the results of two sections: the reading section and character writing part of the cloze section.




Variables

In total, this study inspected six variables: one dependent variable (CSL reading proficiency), two control variables (gender and age), and three independent variables (an individual-level variable, Chinese character writing proficiency [CCWP], and two group-level variables, language distance and cultural background).


Chinese as a Second Language Reading Proficiency

The data on CSL reading proficiency came from the results of the HSK reading test. The whole HSK reading section lasted 60 min and consisted of two parts: word substitution and paragraph reading. The first part examined the ability of students to understand, recognize, and use words in specific contexts. Within the first part, the test gave 20 sentences with words underlined. Then, examinees chose the best words with the most similar meaning and usage from four options to replace the underlined word in each sentence. The second part examined the competence of students in paragraph reading comprehension and reading speed within a given time. For example, competence consisted of summarizing and interpreting texts, extracting keywords and sentences, deducing implicit information, and identifying attitudes, moods, opinions, or intentions of authors. The test contained six to eight short articles of varying lengths, difficulties, forms, and topics. In addition, examinees answered 30 multiple-choice questions (one point per item), Figures 1, 2, respectively, show sample tests in the first and second parts of the HSK reading test.
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FIGURE 1. Sample test in the first part of the Hanyu Shuiping Kaoshi (HSK) reading test.



[image: image]

FIGURE 2. Sample test in the second part of the HSK reading test.




Chinese Character Writing Proficiency

The study used the phrase “CCWP” to refer to Chinese character writing test scores that students got in the HSK test. The second part of the HSK cloze section was the basis of the CCWP data. This part mainly examined students’ CSL orthographic competence of mastery and usage of lexical words and writing. Test-takers filled in 16 blanks (one point per blank) within the orthography part with appropriate and correct handwritten Chinese characters based on three to four passages that were give. The whole cloze section lasted for a total of 30 min. Figure 3 shows a sample test in the HSK character writing test. The CCWP was divided into two groups with low and high writing proficiency (baseline = low level, score lower than an HSK character handwriting test score of 7/16).5
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FIGURE 3. Sample test in the HSK character writing test.




Language Distance

This study computed the language distance between participants’ L1s and Chinese through the Automated Similarity Judgement Program (ASJP) database. ASJP is an extensive cross-linguistic linked database belonging to the Max Planck Institute. The latest version (19th edition) of ASJP (Wichmann et al., 2020) covers 40-item word lists of 5,499 languages. These lists cover nearly 70% of the world’s extant languages.

With consideration for language diversity, this study adopted the L1s of participants rather than the official languages of their nationalities. By applying the ASJP program (Bakker et al., 2009), we calculated language distance values using the Levenshtein Distance method comparing phonetic forms of 40 core words (Holman et al., 2008; see Table 1). The less linguistically similar an L1 is to Chinese, the higher the ASJP value. The language distance ranged from 0 to 102.88 (M = 97.92, SD = 6.7).


TABLE 1. Descriptive statistics of participants with language distance between L1s and Chinese.
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Cultural Background

Based on previous studies (Pae, 2020; Tang and Chan, 2021), Sinosphere contains five entities: China, Japan, North Korea, South Korea, and Vietnam. Some researchers prefer to divide Sinosphere into two categories: the “Chinese cultural sphere” and the “non-cultural sphere.” Others include South Asian countries (such as Laos and Singapore), with the limited L1 of learners influenced by the Chinese language and culture. For instance, they do not use Chinese characters in their language systems (B. Zhang, 2020). However, the dichotomy overlooks the individual differences caused by the influence of the L1 backgrounds of learners, CSL environments, and cultural factors (Li and Zhang, 2021). Thus, this study divided the sample by participants’ language context of current residence into three groups: the narrow-Sinosphere (NSG, i.e., learners from Japan, North Korea, South Korea, and Vietnam), broad-Sinosphere (BSG, i.e., learners from 10 Southeast Asian countries: Laos, Cambodia, Thailand, Burma, Malaysia, Singapore, Indonesia, Brunei, the Philippines, and East Timor) and non-Sinosphere (non-SG, i.e., learners from all other countries) groups (baseline = NSG).



Control Variables

Previous research has suggested that differences between males and females and children and adults may influence L2 reading and writing development (Phakiti, 2003; Jeon and Yamashita, 2014; Van der Slik et al., 2015; Vilas et al., 2019). However, reasons for the variation are still under investigation. This study controlled for the gender and age demographics of the examinees. Following previous research, two controlled variables were encoded as dichotomous, specifically, males as 1, females as 0, children (under 18 years old) as 0, and adults as 1.




Data Analysis

This study employed a two-level hierarchical linear model (HLM) to investigate the contributions and interaction effects of individual- and group-level variables on CSL reading (Hox, 2010). HLM is a statistical technique to analyze variance in the dependent variables by modeling the hierarchy of the nested structure of the data; for example, in this study, learners in a country shared variance of reading proficiency according to their common L1s. Considering within- and between-group regressions, this study used HLM software version 6 (Raudenbush et al., 2006) with a restricted maximum likelihood method to depict how the individual- and group-level predictors affected the reading proficiency of the students. Both the categorical variables (CCW and cultural background) were dummy-coded and added in the equation uncentered. All continuous variables involved in interaction effects were grand mean centered to avoid multicollinearity (e.g., Hofmann and Gavin, 1998; Enders and Tofighi, 2007).

Practically, the process of hierarchical model establishment could be divided into four steps (Heck et al., 2013): (1) null model, (2) individual-level (or level 1) random coefficient regression model, (3) group-level (or level 2) means-as-outcomes regression model, and (4) full model. Null model was regarded as the baseline model without any predictors for subsequent model comparison. The null model developed the levels 1 and 2 models by adding variables at each hierarchical level. The final model included full variables of the two levels for investigating statistical relationships with reading proficiency.

The level 1 equation is as follows:
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where Yij is the reading test score for student i within L1 unit j, β0j is the level 1 intercept (overall mean scores in the reading test for students with various genders and handwriting levels). β1j, β2j, and β3j are, respectively, the regression coefficients (slopes) for the two dichotomous control variables GENDER and AGE, and rij presents the residual error of the equation.

The level 2 equation of the random intercept model for estimating level 1 means is:
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where γ00 is the level 2 intercept (i.e., overall mean scores of reading test for an L1 unit j). γ01 is the average slope coefficient and predicts the change in β0j for one standard deviation change in language distances (ASJP). γ02 and γ03 are the expected changes of two predictors BSG and non-SG in β0j (compared with NSG). μ0j is the residual variance of L1 unit j after controlling for GENDER. The level 2 model for estimating level 1 slopes with cross-level interaction for two levels is:
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where γ10, γ20, and γ30 are, respectively, the variances of the two control variables (GENDER and AGE) and level 1 predictor CCWP in the reading proficiency slope across L1s. The term “γ31(ASJPj) + γ32(BSGj) + γ33(non-SGj)” states that the relationship between reading proficiency (Y) and handwriting level (X) of an individual depends on language distance (ASJP) and cultural background (BSG and non-SG). μ1j, μ2j, and μ3j represent the residual variance of the L1 unit j on the predicted GENDER slope (β1j), AGE slope (β2j), and CCWP slope (β3j).




RESULTS


Descriptive Statistics

For the combined sample of 74,362 CSL learners, the overall mean scale scores were 27.76 (SD = 10.17) and 6.52 (SD = 4.27) for the HSK reading and handwriting tests, respectively. For children (age < 18), mean scores in the reading and writing tests were 25.55 (SD = 9.81) and 6.30 (SD = 4.06), respectively. For adult learners, the mean scores in the two tests were 28.11 (SD = 10.18) and 6.55 (SD = 4.30), respectively. At the group level, for the sample of 67 L1s, the mean language distance was 98.79 (SD = 12.38).

Before HLM analysis, this study tested the multicollinearity of all the variables. Results of variance inflation factors (VIFs) (all VIFs < 3) show that there was no multicollinearity in the model (Tabachnick and Fidell, 2013). Table 2 summarizes the description of these variables.


TABLE 2. Descriptive statistics for the dependent variable (Chinese as a second language, CSL, reading proficiency) and explanatory variables (67 L1s from 173 countries).
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Model Specifications

This study started with a basic model, the null model. The null model involved only intercept items to account for how much of the variance in reading scores lay between the L1 units in the sample. According to the results of the unconditional model, the average reading test score across L1 units was 24.97, p < 0.001. The between-language variation, τ00 = 21.56, χ2 (66) = 19,519.34, p < 0.001, indicated significant differences among learners’ L1s in their mean scores in reading proficiency. The within-language variation was σ2 = 88.10. The intraclass correlation coefficient (ICC1) estimates the proportion of group-level variance in the population. Thus, when ICC1 ≥0.10, it is valid to use HLM (Raudenbush and Bryk, 2002). In this study, ICC1 = [image: image] = 21.56/(21.56 + 88.10) = 0.20. Therefore, the results indicated that of the 0.36 (τ00+σ2 = 0.36) variance in reading scores, the variance caused by group differences was 21.56, accounting for 20% of the overall variance. In comparison, the other 80% of the variance came from individual differences. The estimated inter-rater reliability (ICC2) was 0.90. Such substantial reliability meant a reliable estimation of these models. Thus, adopting multilevel analysis was valid.

Next, level 1 predictors (gender, age, and CCWP) were added into the baseline model as a random coefficient regression model. No group-level predictors were entered this model. Except for age (0.46, SE = 0.44, p > 0.05), the effects of both gender (−0.56, SE = 0.18, p < 0.01) and CCWP (12.50, SE = 0.36, p < 0.001) were highly significant, i.e., female learners may get better reading proficiencies than male learners. Thus, the higher the CCWP of learners, the better their reading proficiency. Children did not differ in reading proficiency from adult learners.

Then, we estimated the means-as-outcomes regression model with only group-level predictors. This model regressed average reading proficiency on language distance and variant cultural backgrounds. The effect of language distance (−0.062, SE = 0.01, p < 0.001) was significant, indicating that the more linguistically similar learners’ L1s and Chinese, the better their proficiency in CSL reading. Compared with NSG learners, learners from Southeast Asian countries (−5.30, SE = 2.98, p > 0.05) had no significant variance in reading from NSG learners. However, learners from non-Sinosphere countries (−9.64, SE = 2.18, p < 0.001) scored lower in reading than the NSG learners.

Finally, we estimated the full model with individual-level and group-level variables (see Table 3 for results of the final model). The level 1 model included the intercept and three slopes: gender, age, and CCWP. These three variables also served as a predictor of level 1 means and language distance, NSG, BSG, and non-SG s slopes in the level 2 model.


TABLE 3. Final hierarchical linear models (HLMs) predicting reading proficiency.
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Final Explanatory Models


Estimating the Means

The main purpose of the final model analysis was to explore the main and interaction effects of CCWP, language distance, and cultural background on the reading proficiency of the learners after controlling for gender and age. In Table 3, the L1 mean base value (γ00 = 24.68, SE = 0.62, p < 0.001) indicates the average reading score for the reference student. This reference student was an adult female with a narrow Sinosphere cultural background and an average language distance between L1 and Chinese and mastered high Chinese character writing skills. The mean reading score of this student was 24.68.

H1 addressed the relationship between CCWP and reading proficiency. The regression coefficient for CCWP was 12.48 (γ30 = 12.48, SE = 0.34, p < 0.001). Since CCWP was coded as 0 = low and 1 = high, this meant that, on average, learners with high CCWP scored 12.48 points higher on the reading test. Accordingly, this finding supported H1.

The language distance was negatively correlated to the average reading score (γ01 = −0.06, SE = 0.01, p < 0.001). This result meant that the average reading scores should decrease by 0.06 scale points, each standard deviation higher on the language distance. This prediction does not seem very much, but the language distance in this study ranges from 0 to 102.88, so the predicted difference between the closest and most distant languages is (102.88–0) × 0.06 = 6.17 points on the reading test. This study also observed that, on average, the NSG learners outperformed their BSG and non-SG counterparts by 6.62 and 10.71 points, respectively. For the controlled variables, the results indicated a negative relationship between gender and reading score γ10 (=−0.48, SE = 0.18, p < 0.01), but there was no significant difference between children and adult learners (γ20 = 0.47, SE = 0.45, p > 0.05).



Estimating the Slopes

In this model, we also added interaction effects to test if the influence of CCWP still held. Table 3 also displays the unique effects associated with the interactions of CCWP on reading proficiency.

H2 addressed the moderating effects of cultural background. Unexpectedly, this study found no interactions for cultural background. This result indicated that considering the main effects together, the beneficial effects of cultural background factors and CCWP were neither in conflict nor synergistic to learners’ improvement in reading proficiency (the Discussion section addresses this further). Therefore, the findings did not support H2.

H3 addressed the moderating effects of language distance. The results revealed that there was a negative interaction between language distance and CCWP (γ31 = −0.06, p < 0.001). Figure 4 provides a visual representation of this interaction, signifying that the effect of CCWP on reading proficiency can range from curbing to favorable, depending on the language distance between L1s and Chinese. Specifically, each standard deviation increase in language distance predicted a slight score decrease by 0.06 points, which was small but significant, in reading text for learners with high handwriting skills. These results suggested that learners proficient in handwriting still held their advantage in reading when their L1s were more distant from Chinese. Thus, this finding supported H3.
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FIGURE 4. Moderating effect of language distance on reading proficiency.


Moreover, outcomes of random effects showed the most variance between learners (σ2). This result indicated that individual differences of learners determined reading difficulty more than features of their L1s. This finding was not surprising, since learners succeed in reading development more through embodied activities, especially handwriting, than linguistic features. Interestingly, there was also variance between children and adults, although it was not significant. This finding may be due to the fairness of HSK design. Future research could explore more age-related factors to parse out this variance.

Finally, the model reported an σ2 of 88.10 in the full model and 58.65 in the baseline model. According to these results, the effect size of explained variance (Cohen’s d = 0.33) for the full model was moderate (cutoff range: 0.15 < d ≤ 0.35) (Cohen, 1988). This finding meant that the slope variance reduced sharply after introducing the predictors of two levels and interactions in the null model.





DISCUSSION

Although the role of the embodiment of Chinese characters in Chinese reading has been widely noted, only few studies involve HSK data on variant language backgrounds. This study was designed to investigate how three factors of Chinese character embodiment, CCWP, language distance, and cultural background, affected Chinese reading proficiency among 74,362 learners from 67 different L1s. First, this study found significant contributions of CCWP, language distance, and cultural background in reading proficiency. Second, there was a significant moderating effect of language distance. After controlling for gender and age, learners who were proficient in handwriting still held their advantage when their L1s were more distant from Chinese. Third, it was unexpected that cultural background had beneficial effects rather than no moderating effects on reading proficiency. These results broadly accord with the ECT.


Relationships Between Chinese Handwriting and Reading Comprehension

RQ1 set out to explore the positive influence of character writing on reading comprehension. First, as expected, CCWP showed a beneficial effect on the reading proficiency of learners. This finding further support the idea of the ECT and indicate that bodily graphomotor may facilitate the advanced cognition processing in reading (e.g., understanding, memorization, interpretation, and reasoning). This finding also concurs with the view of sociocultural theory (Vygotsky, 1978), which states that internal activity originates from external mediation (Swain, 2000; Ellis, 2008).

Notably, this finding does not mean it rejects the case study of Bi et al. (2009). On the contrary, this study attempted to provide a possible explanation for the debate. A possible explanation for these different results in the debate may be lack of adequate attention to the embodiment of Chinese characters. Thus, the experience of bodily activity and perception could couple with context as metaphors stored in one’s mind (Leung et al., 2011). Due to this, the brain-injured patient could holistically extract the phonetic, morphological, and ideographic information of Chinese character forms after his brain injury. Thus, we rigorously claim that at least for elementary and intermediate CSL learners, character writing may be essential in reading development (Tan et al., 2005b; Lam and McBride, 2018).

Second, this study was unable to demonstrate the interaction effect of age. In line with previous research supporting the writing-to-reading issue, the results of this study suggest a close association between Chinese handwriting and reading in adults and children (e.g., Tan et al., 2005b; Guan et al., 2021; Yin and Zhang, 2021). This result may be explained by the fact that early writing experience could aid the holistic processing of character visual recognition for children (James, 2017) and adults (Tso et al., 2011).



Role of Language Distance in the Relationships Between Chinese Handwriting and Reading Comprehension

The RQ2 in this study attempted to answer the question of how past language experience (L1 background) moderated the relationship between character writing and reading. Cross-linguistic influence is always an inevitable topic in SLA. As expected, language distance negatively moderated the positive effect between CCWP and reading proficiency, which corroborated L1–L2 transfer theories that similar linguistic features between L1 and L2 promoted SLA achievement (Sharwood Smith and Kellerman, 1986; Odlin, 1989). In addition, these findings also showed that for learners with high CCWP, the advantage in CSL reading could still be held regardless of language distance. This finding was consistent with the empirical evidence in the brain and neuroscientific research that handwriting experience may shape the specialized neural representation and accelerate the visual processing of character formation in reading (Tan et al., 2005b; James and Atwood, 2009; Hu et al., 2018).

Another possible explanation for this is the view of mental simulation in the ECT. According to the ECT, the nature of mental activity (including metaphor interpretation, empathy, embodied learning, and language comprehension) is to re-situate by mentally simulating a virtual world with which an individual is familiar (Zwaan and Taylor, 2006; Gibjr, 2010; Gallese, 2014). Piaget (1976) put forward that L1 learning was a sensorimotor process. Given this, L2 reading acquisition may be a mental simulation that could re-situate L2 symbols in the original sensorimotor memory trace of L1 learning. As such, researchers could build correlations between memory trace and L2 through vocabulary (Henning, 1973; Lindsay and Gaskell, 2010; Macedonia, 2014), sentences (Borreggine and Kaschak, 2006; Diefenbach et al., 2013; Papesh, 2015), and even passages (Zwaan, 2004, 2016), evidenced to promote language comprehension. Therefore, as an embodied activity, Chinese character writing may bridge the L1 sensorimotor memory and L2 scripts of learners by strengthening the link between body and situation. It seems that learners good at character writing can maintain these advantages in reading. As noted in the introduction, the sociocultural theory claims that internal mediation originates from external mediation, and we may infer that for intermediate learners, internal language experience is the medium between bodily activity and external language usage in CSL learning.



Role of Cultural Background in the Relationships Between Chinese Handwriting and Reading Comprehension

RQ3 investigated the role of cultural background in moderating the relationship between CSL character writing and reading. First, the results showed a significant effect of NSG and BSG on reading proficiency. This finding accorded with the research that intermediate learners from NSG and BSG are more proficient in reading than those from non-SG (Hsiao et al., 2015; Ke and Chan, 2017). In addition, the results further showed that CCWP could effectively distinguish between the NSG and BSG learners; that is, the NSG learners might be more proficient in reading than the BSG group. These initial results were suggestive of a relationship between cognition and context; that is, context embeds cognition and, in turn, contextual factors compose the cognition (Lakoff and Johnson, 1999; Rohrer, 2007). Even though the languages and cultures of most countries with Sinosphere cultural background have shifted, the cognitive and thinking patterns have not fallen far from the original Chinese. These results reflected those of studies (Yeh et al., 2003; Ke and Chan, 2017) that also found that readers with Chinese cultural backgrounds tend to use similar strategies in recognizing and reading characters.

Second, unlike our initial hypothesis, this study showed that CCWP × cultural background interaction effects were not statistically significant. Upon finding this result, we reconsidered whether there were any other important moderating factors at the individual level. However, there was no such factor in this study. This finding may indicate that for CSL beginners and intermediates, cultural background could not moderate the relationship between bodily activity and reading proficiency. In other words, for learners skilled in character writing, reading proficiency might fail to be constrained by non-Chinese cultural and contextual backgrounds.

One possible explanation for this finding of insignificant CCWP × cultural background interaction is differences in contexts. For the non-SG learners, because their L1s and Chinese belong to different systems, it may be difficult for them to correspond their L1s well with Chinese. Indeed, reading comprehension is a process in which the structural knowledge in the mind of a reader could interact with the text, meaning, and background of reading materials (Carrell and Eisterhold, 1983; Carrell, 1984). Also, in fact, Chinese is not a global language like English. It is possible, therefore, that CSL learners cannot wherever and whenever connect with the Chinese language in daily life. In this study, the learners of CSL at the beginning and intermediate levels might have suffered from corresponding their individual experience and knowledge to reading texts well, especially when they read texts full of unfamiliar Chinese idioms, cultures, and customs. This finding provides some explanation as to why both handwriting and cultural background are irreplaceable aspects in reading acquisition investigation.

For NSG and BSG learners, although Sinosphere countries share culture and languages, dramatic changes in languages and cultures have occurred in both China and Sinosphere countries. On the one hand, some NSG countries, such as Korea and Vietnam, have canceled character teaching and usage because of educational policy reform. On the other hand, there are some overlaps between Sinosphere languages and Chinese, but discrepancies in cultural schema, meaning, and forms of characters still exist. These discrepancies may lead to errors in CSL reading (Ellis, 2008). For example, take a shared character “[image: image]” in Japanese and Chinese as an example. In Japanese, “[image: image],” pronounced “musume,” mainly means young girl and daughter. In Chinese, when one uses “[image: image]” [niang2] alone, it fundamentally means mother rather than young girl, and the meaning “daughter” disappears. In addition, characters sharing the same meaning might differ in forms, such as “[image: image],” “[image: image],” and “[image: image]” in Chinese, or “[image: image],” “[image: image],” and “[image: image]” in Japanese. An implication of this is the possibility that learners from Sinosphere countries or skilled at character writing may still meet challenges during CSL reading (Ke, 1998; Jiang, 2003; Lin and Collins, 2012; Li, 2020; Tang and Chan, 2021; Zhang and Roberts, 2021b).

Going back to the question of Alderson of whether differences in reading proficiency are a reading problem or a language problem, based on the findings in this study, we cannot simply classify reading variance into dichotomous problems, at least for CSL learners. One of the issues that emerge from previous findings is that reading may be a more complicated cognitive process than what existing research knows. Therefore, we may prefer to regard the variance of reading as a mixed cognitive problem of reading, language, and conception, different problems that possibly appear in different learning periods.




CONCLUSION

Focusing on the role of CCWP in reading comprehension among CSL intermediates and adopting big data from HSK, this study contributed to a better understanding of the ECT in SLA. It revealed the embodied features of Chinese characters. First, CCWP had a positive effect on reading proficiency, which indicated an essential role of Chinese character handwriting in CSL reading. Second, language distance played a moderate role in the relationship between character writing and reading. The findings provided empirical evidence that character writing could constrain L1 negative transfer in CSL reading acquisition. Third, the cultural background of CSL learners could positively influence but might not moderate the relationship between character writing and reading proficiency.



IMPLICATIONS


Theoretical Implications

First, our study has highlighted the importance of handwriting in L2 reading. The results of this study illustrate that writing Chinese scripts by hand facilitates reading comprehension (Wang et al., 2014, 2015; Kuo et al., 2015; Tong and Yip, 2015; Tong et al., 2016; Chung et al., 2018; Zhang J. et al., 2020). In addition, the advantage of skilled character writing would remain even if L1 and L2 are linguistically distant (Sharwood Smith and Kellerman, 1986; Odlin, 1989).

Second, the findings in this study have provided a deeper insight into the cross-linguistic influence in SLA. For one thing, cross-linguistic influence occurs at the linguistic and conceptual levels (Jarvis and Pavlenko, 2008). In addition, for SLA beginners and intermediates, L1 experience may be the medium between bodily activity (i.e., character writing) and L2 usage. In turn, the L1–L2 cross-language congruity can moderate the correlations between bodily activity and L2 usage (Melby-Lervåg and Lervåg, 2011; Jeon and Yamashita, 2014). For another, language distance can be a measurement of cross-linguistic similarity or difference and may reflect the variance in L1–L2 embodied experience.

Third, this study has contributed new empirical evidence to the ECT that the effects of cultural background on investigations of CSL reading need to be reckoned with (Vygotsky, 1978; Ellis, 2008; Green and Abutalebi, 2013; Tong et al., 2016). For SLA learners in the primary stage, their L2 and the conceptual system are not completely established, and they are likely to rely on their L1 knowledge. Overall, there seems to be some evidence to indicate that although the influence of L1 cultural background on L2 scriptwriting is much less, the effect of L1 cultural background on L2 reading proficiency is more apparent.



Practical Implications

This study also has some practical implications. First, the findings of this study suggest that it is necessary to learn the knowledge of character writing orthography at the intermediate level of CSL acquisition (Lam and McBride, 2018; Zhou et al., 2020). This finding also indicates that CSL reading acquisition develops from embodied cognition.

The findings also provide suggestions for CSL acquisition that character writing by hand may benefit from withstanding the negative transfer from L1s. Thus, it is effective for CSL learners to learn character writing in CSL reading acquisition. Additionally, for CSL character teaching, teaching materials and methods are suggested to be more diversified for learners with different L1s and cultural backgrounds.

Moreover, in CSL teaching, teachers need to pay more attention to the sociocultural backgrounds of learners. For example, having a similar background with Chinese does not mean being more proficient in character writing and orthography. Thus, it is necessary for teachers to teach script motivation (i.e., correlations between character structures, radicals, and meanings, which translated from Chinese term “[image: image]”) (Xu, 1992) of characters and keep students practicing correctly.

Finally, to help build the conceptual system of students, teachers could introduce similarities and differences in cultures, thoughts, and society between the countries of students and China, encouraging them to share their views and underlying cultural contexts (Carrell and Eisterhold, 1983).




LIMITATIONS AND FUTURE RESEARCH

One limitation in the current study is that group-level predictor cultural background data are crudely based on the countries of residence of the participants and separated into NSG, BSG, and non-SG. As a result, case studies are needed in the future to further investigate more elaborate differences among learners with variant sociocultural backgrounds.

In addition, this study explored the role of character writing of CSL beginners and intermediates. However, this focus was limited to studying other factors that predicted reading comprehension in previous studies, including linguistic knowledge, L1 and L2 literacy experience, age of acquisition, L2 proficiency, script distance, and measurement characteristics (Koda, 2007; Jeon and Yamashita, 2014). Therefore, future research could consider these predictors and further investigate correlations among them. Also, it would be beneficial to study other latent variables (e.g., belief and anxiety) to investigate the non-linear relationship between CSL writing and reading, and how they vary across different groups6.

Finally, this study only explored the relationships between Chinese character handwriting and Chinese reading using the ECT at a macroscopic level. Future research could further examine the mechanism of embodiment in cognitive processing in the brain and neuroscientific technology at a microscopic level.
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FOOTNOTES

1Writing is the process of representing a language with written symbols to communicate thoughts and ideas in a readable form, while handwriting emphasize the process of scripts written by hand. We use the phrase “Chinese character writing” or “handwriting” to refer to the action of producing Chinese characters by hand from memory.

2This study focuses on Chinese characters of Chinese writing systems. For clarity, the term “language” in this article mainly refers to written language.

3Note the difference between the phrases “Chinese character reading” and “Chinese reading (comprehension).” The former refers to recognizing a single character without passage processing, while the latter requires readers to integrate the information of characters into words and sentences in a passage, and then understand the main idea of the passage. Chinese reading (comprehension) involves more advanced and complicated cognitive processing (e.g., understanding, memorization, interpretation, and reasoning) than character reading. This study focused on Chinese reading (comprehension).

4The sample selected from examinees taking different HSKs in different months of the year. Scores of each HSK were comparable after equivalent processing. In addition, previous research (see Meyer, 2014) showed no significant statistical difference in the difficulty of HSKs over the years. Items of one HSK are selected from different parallel versions in pretest trials according to difficulty and discrimination, which ensures the compatibility of HSKs.

5On the one hand, this study dichotomized CCWP into two groups to explore the between-group variance and cross-group interaction effects. On the other hand, this study grouped CCWP to keep the practical importance of results. In our study, CCWP was measured with total scores [16 points] in the HSK character writing part (one character per point). The point gap is too small to explain the variation in reality. The dichotomization of CCWP did not change the main results of this study.

6We wish to acknowledge the reviewer who offered this advice.
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Writing and reading are closely related and are thus likely to have a common orthographic representation. A fundamental question in the literature on the production of written Chinese characters concerns the structure of orthographic representations. We report on a Chinese character handwriting pedagogical corpus involving a class of 22 persons, 232 composite character types, 1,913 tokens, and 13,057 stroke records, together with the inter-stroke interval (ISI), which reflects the parallel processing of multilevel orthographic representation during the writing execution, and 50 orthographic variables from the whole character, logographeme, and stroke. The results of regression analyses show that orthographic representation has a hierarchy and that different representational levels are active simultaneously. In the multilevel structure of orthographic representation, the representation of the logographeme is absolutely dominant. Writing and reading have both commonalities and individual differences in their orthographic representations. The online processing of the logographeme unit probably occurs at the ISI before the initial stroke of the current logographeme, which may also cascade to the first subsequent logographeme. In addition, we propose a new effective character structure unit for describing orthographic complexity.

Keywords: handwriting, orthographic representation, logographeme, inter-stroke interval, pedagogical corpus


INTRODUCTION

Writing and reading are two forms of word processing. Writing is the process from concept preparation to outputting an orthographic representation, whereas reading is a process of accessing meaning from orthographic representation. In the process of Chinese character learning, writing and reading are often carried out synchronously and have a positive correlation with each other (Tan et al., 2005; Chan et al., 2006). Indeed, it has been shown that handwriting literacy affects reading literacy, such that both children who speak Chinese as their mother tongue who are better at handwriting and adult learners of Chinese as a foreign language (CFL) who are better at handwriting are also better at reading (Tan et al., 2005; Guan et al., 2015). Chinese character handwriting can promote the formation of long-term motor memory of Chinese characters and strengthen the orthographic representation of Chinese characters, which is conducive to extracting the visuospatial information required for Chinese character recognition. Moreover, the acquisition of Chinese characters by writing them activates more of the sensory-motor cortex and improves the accuracy of Chinese character recognition to a greater extent than does acquisition by writing pinyin (Cao et al., 2013). Therefore, reading and writing are likely to have a common orthographic representation. Studying how to represent Chinese characters in handwriting can help us gain a deeper understanding of the cognitive mechanisms underlying writing and Chinese character recognition in reading.

Handwriting includes not only the central processes underlying conceptual preparation, lexical selection, and orthographic access but also the peripheral processes of motor programming and the actual writing execution (Baxter and Warrington, 1986). According to van Galen’s (1991) model of handwriting production, handwriting is not just a succession of isolated acts but also rather an organized, hierarchical process in which the various representational levels are processed in parallel. The higher level of this model includes the intention to generate a message, the setting up of semantic information, lexical retrieval, and syntactic organization of the sentence, as in Levelt’s (1989) model of oral production. The lower levels of van Galen’s model are specific to the written modality and are concerned with the retrieval of spelling, selection of allographs, regulation of size control, and muscular adjustments. As all levels are activated in parallel during handwriting, high- and low-level modules operate at the same time. Because processing capacities are limited, this processing increases over the duration of the movement/writing execution. This means that the movements to write the forthcoming graphemes (i.e., strokes, letters, logographemes, or syllables) must be programmed during the execution of the initial graphemes. By comparing the distribution patterns of intervals between each two handwriting units at different levels (e.g., letter and syllable), researchers can infer the orthographic representational units and their content (Kandel et al., 2006, 2009; Kandel and Valdois, 2007; Vilageliu and Kandel, 2012). There are obvious interval time peaks among graphemes during handwriting, which implies the simultaneous processing of the spelling of the following grapheme and the local parameters, such as size and rotation direction, of the current grapheme.

Studies of the orthographic representation of Chinese character handwriting to date have employed a typical lab research set-up, where a small sample of native Chinese-speaking participants handwrite a small set of selected characters (Chen and Cherng, 2013; Damian and Qu, 2017), or are based on the systematic observation of native Chinese-speaking patients with brain injuries (Law and Leung, 2000; Han et al., 2007; Han and Bi, 2009). Although these studies have shed much light on the orthographic representations underlying handwriting, the extent to which findings from small numbers of healthy native Chinese speakers (or patients) and small stimulus samples are generalizable to CFL learners or to larger numbers of characters remain a topic of debate. Therefore, a large-scale pedagogical corpus of handwriting responses by CFL learners to a large sample of characters that are covered in the syllabus to explore the orthographic representation of character handwriting and to discuss the cognitive mechanisms underlying handwriting for both native speakers and CFL learners is needed. Chinese characters are complex things, and strokes are the smallest unit of handwriting. In this study, we investigate the inter-stroke interval (ISI) in a Chinese handwriting pedagogical database of learners of Chinese as a foreign language, looking at the contributions of the characteristics of orthographic units, to explore the orthographic representation of character handwriting.



THE CHARACTERISTICS OF CHINESE CHARACTERS

Chinese is a logographic language. The basic writing units are Chinese characters (also called Hanzi), which usually correspond to a syllable in sound and a morpheme in meaning. There are more than 20,000 characters in the modern Chinese language, including about 3,000 commonly used characters (Han et al., 2007). Linguists generally analyze a character spatially on three levels: radical (Law, 2004), logographeme (Han et al., 2007), and stroke (Luo et al., 2008). For example, the character 清 (/qing1/, clear) is composed of two radicals (氵 and 青), three logographemes (氵, 龶, and 月), and eleven strokes (e.g.,丶, 一, 丨) in a two-dimensional space. The number of strokes and the number and position of radicals/logographemes have been shown to be important determinants of Chinese character naming (Leck et al., 1995; Peng and Wang, 1997; Peng et al., 2006) and have been shown to affect handwriting (Shi et al., 2011; Zhang and Feng, 2017). About 85% of Hanzi are pictophonetic characters (Zhu, 1988), which are composed of a semantic radical (e.g., 氵 in 清) that suggests the meaning of the character and a phonetic radical (青 in 清) that provides cues to its pronunciation. About 64% of radicals can be further divided into logographemes, which are the smallest units between radicals and strokes in a character that are spatially separated (State Language Commission, 1998; Law and Leung, 2000), for instance, 龶 and 月 in 清; the remaining radicals serve as a single logographeme.

Whereas in orthographically shallow languages (e.g., Spanish), the orthography–phonology correspondence is direct, there is no segmental correspondence between radicals/logographemes and the pronunciation of the character in Chinese (Han and Bi, 2009; Huang et al., 2021a). Pronounceable radicals/logographemes are characters themselves and account for approximately 60% of the characters listed in Specification of Common Modern Chinese Character Components and Component Names (现代常用字部件及部件名称规范; Ministry of Education of China, 2009). The transparence between orthography and phonology operates at the whole-syllable level by means of phonetic radicals and only applies to a subset of characters (Han and Bi, 2009). Although phonetic radicals are not very reliable indices, they have been shown to affect the processing of Chinese characters in reading and handwriting access (Law et al., 2005; Wang et al., 2019). Many studies have proposed that the syllable is the grapheme that acts as the handwriting motor unit in alphabetic languages (Kandel et al., 2006) and that different degrees of transparency affect “online” orthographic access in handwriting execution. In Chinese, the effect of the phonetic identity of radicals/logographemes in orthographic representation has been supported by the study of patients with brain injuries (Han and Bi, 2009), but some studies have suggested that this impact does not occur in the motor execution period (Wang et al., 2019; Huang et al., 2021b).

The writing of Hanzi follows established stroke order norms, such as “left before right,” “up before down,” “middle before both sides,” etc. (Ministry of Education of China, 2020). Skilled stroke order memory is helpful in activating the representation of characters (Flores d’Arcais, 1994). However, the stroke itself may be a combination of lines in multiple directions. There are 8 basic strokes which generate 29 compound strokes (Wang and Su, 2012). Related studies further subdivide strokes into segments (also called “substrokes” or “strokemes”) from the perspective of graphics. For example, the second stroke 𠃌 in 句 (/ju4/, sentence) can be analyzed into three segments according to the turning point during the stroke trajectory (Ministry of Education of China, 2001). Although the segment is a graphic concept, using the segment as the primitive of Chinese characters can effectively improve the accuracy and efficiency of Chinese character computer recognition, and experiments show that the number of segments has an effect on orthographic access to Chinese characters (Wang et al., 2013).



ORTHOGRAPHIC REPRESENTATION IN THE HANDWRITING PRODUCTION OF HANZI

The complex structure of Chinese characters offers a rich research perspective for studying the orthographic representation of Chinese character handwriting. Law and Leung (2000) proposed that the logographeme constitutes the basic orthographic processing unit underlying Chinese written production, based on evidence from brain-impaired dysgraphic patients, because the type of writing error produced by the Cantonese-speaking patient in question, SFT, mostly took place at the level of the logographeme (211/315). Law and Leung’s (2000) argument was, however, subsequently questioned by Han et al. (2007) because the errors made in delayed copying and direct copying had accuracy rates of 40 and 53%, respectively, and the patient clearly performed much better on an oral than on a written naming task. Therefore, the damage to SFT was not in the grapheme buffer, but more likely at the peripheral stage. Han et al. (2007) reported the case of a brain-damaged Mandarin speaker, WLZ, who had not sustained a peripheral motor system injury, as direct copying was 100% correct. Delayed copy was not affected by lexicon variability and showed an obvious word-length effect. Most of the errors occurred at the logographeme level, and the greater the number of logographemes, the lower the accuracy of copying. Therefore, the existing evidence shows that the basic orthographic representation unit of Hanzi is a logographeme, which is stored in the logographeme output buffer, much like the grapheme output buffer proposed by Rapp and Caramazza (1997). In addition, Han et al. (2007) found that many response logographemes tend to have the same strokes as the target logographemes at levels significantly higher than random. Therefore, orthographic representation includes not only the identity of the logographeme itself but also the stroke and other information, which has been confirmed to a certain extent by Lo et al. (2016). Lo et al. (2016) examined the contribution of the types of orthographic knowledge to handwriting traditional Hanzi in a two-year longitudinal study and proposed that stroke knowledge makes a unique contribution to writing performance and has a non-significant effect on reading performance.

Han and Bi (2009) reported the case of a Mandarin-speaking individual suffering from a brain injury, MZG, who had normal auditory and visual comprehension and oral production and had not sustained a peripheral motor system injury, with near-perfect performance in oral reading (30/30), oral picture naming (29/30), delayed copying (28/30), and direct copying (30/30). Therefore, the patient preserved intact input processing, the conceptual system, and handwriting motor ability. He had, however, significant difficulty in written picture naming (19/30) and writing to dictation (17/30), indicating that MZG’s writing deficit should lie in the processing stages between lexical retrieval and motor execution, probably at the point of retrieval of the shapes of the character radicals/logographemes. Such patterns in the first Chinese-speaking case documenting an oral spelling preservation in the face of dysgraphia show that the phonological identities of radicals/logographemes are part of the orthographic representation of Hanzi.

Some evidence with regard to logographemes from healthy adults has also been reported by Chen and Cherng (2013), who used the implicit priming task to explore the relevant planning units of Chinese written production and found that the priming effect occurred when logographemes overlapped among responses. Furthermore, the authors introduced a model for Chinese handwritten character generation, which consists of two separate and serial stages of form encoding: “morphological encoding” and “orthographic encoding.” During orthographic encoding, the logographeme as a “proximate unit” of handwriting (O’Seaghdha et al., 2010) is specified and associated with a structural frame according to the orthotactic principles of written Chinese. However, Chen and Cherng’s (2013) experimental results were not replicated by Damian and Qu (2017). The latter study used similar experimental paradigms and found strong evidence for radical-based effects but only weak evidence for logographemic priming effects. The authors provided possible reasons for this discrepancy in terms of the potential differences between simplified and traditional script.

In addition to the above two research paradigms, analyzing the types of writing errors or the latency before writing execution, Zhang and Feng (2017) designed two delayed-copy Hanzi experiments to test the effects of component (radical or logographeme), complexity (few or many strokes), stroke position (radical boundary or non-radical boundary stroke), and lexicality (character or non-character) on two dependent variables: the latency (as the index of central processing) and stroke velocity (as the index of peripheral processing) of correct handwritten forms. The findings showed that, regardless of lexicality, writing latencies were longer for characters with higher complexity than for characters with lower complexity, indicating that the adult participants needed to prepare the whole character before initiating writing execution. The velocities of the strokes at the radicals’ boundaries were slowest, indicating that there is a radical boundary effect in writing execution due to the “online” planning of a second radical within a character and the fact that radicals/logographemes are a processing unit in Chinese. Interestingly, both lexicality and radical complexity affected the central processing and cascaded over peripheral processing during the execution of Hanzi writing.

To our knowledge, the only research to examine CFL learners with respect to orthographic representation in Chinese character handwriting production is that reported by Xu et al. (2018). According to Kandel et al. (2006), these researchers adopted digital ink technology and designed a lab experiment with three factors: Chinese level, critical stroke position, and Hanzi structure; the dependent variable was the critical ISI in the writing process. The experiment assumed that the processing retrieval time of the same stroke in different positions (between logographemes or inside logographemes) is different. For example, the third stroke “丿” is located inside the first logographeme (穴 in 窄) but is a starting stroke in the second logographeme (谷 in 容). The 36 participants were required to copy 24 pairs of orthographically similar characters, and the results showed that the critical ISI between the logographemes was longer than within a logographeme. This is consistent with most of the above studies of native writers, which suggest that there is a logographeme boundary effect in Chinese characters with up–down structures and left–right structures. Although the study proposed that logographemes are the units of representation of orthography, the experiment only compared the difference in ISI before a critical stroke in each pair of orthographically similar characters; that is, it only checked the effect of the identity of the logographeme where the critical stroke was located on its ISI. It was impossible to determine whether there was also a logographeme boundary effect between other logographemes in multi-logographeme Hanzi. Logically, if a character unit smaller than a logographeme is a unit of representation, it is reasonable to have a logographeme boundary effect. Therefore, it is necessary to comprehensively investigate the effect of other character units on ISI, including critical strokes and non-critical strokes. In addition, this study also had the limitations of previous studies, and the stimulus sample was small. In the present study, we will continue to take ISI as the index of parallel processing of multilevel orthographic representation and conduct a detailed study of the depth and breadth of orthographic representation in a large-scale pedagogical handwriting database of CFL learners.



THE HANZI HANDWRITING PEDAGOGICAL CORPUS OF CHINESE AS A FOREIGN LANGUAGE LEARNERS


Participants

This database was established under a conventional teaching plan, including direct copy handwriting datum in a specific range of Hanzi types. One class of 22 CFL adult learners (14 males, 8 females; age range = 18–30 years with a mean of 21.5) in Beijing Language and Culture University was the source of data collection. These participants were from 12 countries from non-Chinese-character cultural circles, namely Russia, Kyrgyzstan, Tajikistan, Kazakhstan, Mongolia, Italy, Switzerland, Macedonia, Bulgaria, Guinea, Indonesia, and Morocco. Their native languages were very diverse, including nine languages, such as Russian, Mongolian, Italian, Bulgarian, and French, which may have minimized the possibility of this research being systematically affected by mother tongue factors. This was related to the class division measures of the college, as the university managers hoped that learners at the same level would be in a multicultural learning environment to reduce their dependence on their mother tongue. The participants were all total beginner learners and had no experience of Chinese education before taking part in the study. Limited by the implementation of teaching, although the sample of participants is small, which may undermine the validity of the results, the subject group can still be regarded, to a certain extent, as a CFL beginner sample with a high diversity of mother tongue backgrounds and a high degree of homogenization of Chinese language level. Before the establishment of the corpus, the students were told that the performance of their direct copy handwriting tasks in class would be recorded in their semester results. All had normal or corrected-to-normal vision and intact reading and handwriting ability.



Materials

All Hanzi types came from the first three volumes of Road to Success (Qiu, 2010), the official teaching materials for teaching college Chinese in the first one and a half months of the semester. During this period, students study Hanzi knowledge intensively and learn how to write under special Hanzi teaching guidance. We collected 232 types and 1,913 tokens of composite Hanzi, in which the average number of segments, strokes, and logographemes of characters in the database are 10.96 (SD = 3.07), 8.69 (SD = 2.64), and 2.6 (SD = 0.76), respectively, taking ISI as the observation index, and looked at the contributions of different orthographic units’ characteristics. Subsequently, we decomposed each composite token and stored data records according to the number of strokes and stroke order. For example, the character 男 (/nan2/, male) can be decomposed into seven strokes: 丨, 𠃍, 一, 丨, 一, 𠃌, 丿. Except for the first stroke of every Hanzi, there is an ISI before the other remaining strokes, which was used to characterize the “online” processing during handwriting execution. Then, 1,913 composite characters were decomposed into 14,970 stroke records, including 13,057 stroke records with ISI information and 1,913 stroke records (first stroke status) lacking ISI information.



Apparatus and Procedure

Each direct copying task was incorporated into the normal teaching procedure. As the students had been taught the writing knowledge of the target Chinese characters, such as strokes, logographemes, and stroke orders, before the task in the same class, it was assumed that all participants would have the same amount of Chinese character writing knowledge. The specific requirements of the copying task were: The target character was printed directly on the paper, which was full of small points. All of the points formed a dot matrix to construct a two-dimensional space with coordinate information, as shown in Figure 1. The participants were required to start to follow the target character and to handwrite it twice with an Anoto Digital Pen at the same time in class until the copy task was completed (up to 10 min) or the students terminated in advance by themselves, as shown in Figure 2. In the process of copying, the students were allowed to look back at the target Chinese characters freely. They could, however, only write the character twice, so the students always wrote as much as possible and showed their handwriting ability.
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FIGURE 1. Direct copy task.
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FIGURE 2. Handwriting sample.


The digital pen recorded the digital ink data of the handwriting of Chinese characters by sensing the pressure formed by the contact between the pen and the paper. In the handwriting movement, the process from making a stroke to lifting the pen is a stroke-step (SS). The pen tip is suspended between two SSs, and the pressure is 0. When a writer writes Chinese characters in a standardized stroke form according to the stroke order criterion, the SS corresponds to the stroke. On the contrary, there is no corresponding relationship between the two. For example, the first and third strokes of “叶” in standard form should be written as “丨” and “―,” respectively, as shown in Figure 3B in the black dotted box. One writer may put these two strokes together by mistake and finish them in one SS like “𠃊,” as shown in Figure 3A. In order to eliminate the pollution of the dependent variable ISI caused by stroke shape or order errors, this study deleted the 3,191 wrong tokens and only retained the 1,913 correct tokens as analytical materials.
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FIGURE 3. (A, B) The visualization of “叶” written by a writer and the standard form.



Orthographic Variables From the Whole Character, Logographeme, and Stroke Character Composition and Complexity

We used the Dictionary of Chinese Character Information (汉字信息字典; Chinese Character Encoding Group of Shanghai Jiao Tong University, and Chinese Pinyin Characters Research Group in Shanghai, 1988) to determine the characters’ compositions. In particular, a character was coded as having a left–right composition if its radicals are horizontally arranged, a top–down composition if the radicals are vertically arranged, or a surrounding composition if its radicals are surrounded by other radicals in whole or in part. Because character composition is a categorical variable, it was dummy coded with three variables: “ChaLR” refers to whether a character has a left–right composition (labeled 1) or not (labeled 0), “ChaUD” refers to whether a character has an up–down composition (labeled 1) or not (labeled 0), and “ChaSur” refers to whether a character has a surrounding composition (labeled 1) or not (labeled 0). The more units in the lower structure hierarchy, the lower the repeatability and the weaker the complexity of the Chinese characters. We analyzed the complexity of the Chinese characters according to the number and types of logographemes, strokes, and segments. The variable “NumChaStr” referred to the number of strokes of a character, which was taken from the Modern Dictionary of Common Characters in Chinese (现代汉语通用字表; Chinese Ministry of Culture and State Language Affairs Commission, 1988). Linguists generally believe that there are about 30 kinds of strokes. Then, following Wang and Su (2012) and Wang et al. (2013), we further decomposed the stroke composition of the Hanzi to determine the “NumChaSeg,” referring to the number of segments in a character, the “TypeChaStr,” and the “TypeChaSeg,” referring to the number of stroke types and segment types of a character, respectively. For example, the character 右 (/you4/, right side) has five strokes (一, 丿, 丨, 𠃍, 一) and six segments (一, 丿, 丨, 一, 丨, 一) but just four stroke types and three segment types, as the stroke 𠃍 is decomposed into 一 and 丨. The variable “NumLog” refers to the number of logographemes in a character, which were counted according to the Specification of Common Modern Chinese Character Components and Component Names (现代常用字部件及部件名称规范; Ministry of Education of China, 2009).



Logographeme Complexity, Phonetic Identity, and Local Structure

We also determined the properties of the logographeme where the stroke is located. Using the same standards as above, “NumLogStr” and “NumLogSeg” refer to the number of strokes and segments, respectively, in the logographeme, and “TypeLogStr” and “TypeLogSeg” refer to the stroke types and segment types, respectively. Some logographemes are themselves Chinese characters (see the section on “The characteristics of Chinese characters” above) that have phonetic identities. Therefore, we used a categorical variable “IsCha” to refer to whether a logographeme has a phonetic identity (labeled 1) or not (labeled 0). For instance, the first stroke 一 and the third stroke 丨 of 右 are located in the first and the second logographemes, respectively, but the second logographeme 口 (/kou3/, mouth) can also be used as a Hanzi and has its own sound. Previous studies have shown that the component is likely to be the unit of orthographic representation (Han et al., 2007; Han and Bi, 2009; Chen and Cherng, 2013; Xu et al., 2018). In order to explore the breadth of “online” orthographic representation processing, we also mark the relevant attributes of the logographemes subsequent to the logographeme where the stroke is located. We used “NumRestLog” to represent the number of logographemes to be written behind the current logographeme. As the Chinese characters learned in this teaching stage only contain five logographemes at most, theoretically, it is only necessary to determine the information about the subsequent four logographemes at most for a stroke which is in the first logographeme. In the database, we used “Back1,” “Back2,” “Back3,” and “Back4” plus the variable names of the above five variables “NumLogStr,” “NumLogSeg,” “TypeLogStr,” “TypeLogSeg,” and “IsCha” to refer to the relevant attributes of the subsequent logographemes. For instance, when the writer writes any stroke in the current logographeme 木 in 楼 (/lou2/, building), the first logographeme subsequent to that stroke is 米 and the second is 女. Hence, “Back2NumLogStr” refers to the number of strokes of the second subsequent logographeme, 女. There is still a local and relative spatial relationship between each logographeme. Complex spatial relationships require a more precise coordinated operation of motor effectors, and more complex abstract motor coding needs to be retrieved (Schmidt and Wrisberg, 2000; Woch and Plamondon, 2004). For instance, 画 (/hua4/, painting) is a surrounding composition, but there are more complex relations locally among 一 ①, 田 ②, and 凵 ③ (the upper-right label on the logographeme represents the order in the writing execution). In detail, we should write 一 and 田 from top to bottom and then surround 田 with 凵. There is a larger movement distance between the offset of the last stroke of the logographeme in front and the onset of the initial stroke of the logographeme in the back compared with the writing strokes in the same logographeme. Hence, we used three categorical variables to label the local structure of logographemes through every initial stroke: “LR” refers to whether the logographeme is on the right side of the previous logographeme (labeled 1) or not (labeled 0), “UD” refers to whether the logographeme is under the previous logographeme (labeled 1) or not (labeled 0), “Sur” refers to whether the logographeme is surrounded by the previous logographeme (labeled 1) or not (labeled 0). Except for the initial stroke of each logographeme, other strokes were marked as 0 in all three variables.



Stroke Identity, Frequency, Complexity, Direction, and Position

With a closed stroke classification system and using a limited number of strokes to combine Chinese characters or logographemes, stroke repetition is bound to occur. For instance, 三 (/san1/, three) is a triple replication of the stroke 一, although there are differences among these three strokes in details such as length. We used a categorical variable “IsRepeat” to label whether the stroke is written repeatedly (labeled 1) or not (labeled 0). When the 3,000 Chinese characters in Chinese Proficiency Grading Standards for International Chinese Language Education are decomposed into strokes, it will be found that some strokes, such as 一, 丨, 丿, and 丶, are used very frequently. The frequency of occurrence of these four strokes together is as high as 74%. We used the statistical results in the study by Wang and Su (2012) regarding the frequency of occurrence and generativeness of strokes as two variables, “Occurrence” and “Generative,” which are not exactly the same and reflect the frequency factors of strokes. Generally, the more complex the strokes are, the lower their frequency of occurrence. We used two variables, “NumSeg” and “TypeSeg,” to define the stroke complexity with respect to the number and type of segments, following Wang et al. (2013). In addition, strokes that need to change direction multiple times in the writing process are obviously more difficult than strokes in a single direction (Woch and Plamondon, 2004). In particular, there are five forms of strokes of Chinese characters: horizontal (from left to right, e.g., 一), vertical (from top to bottom, e.g., 丨), diagonal (from top left to bottom right, or from top right to bottom left, e.g., 丿), arc (like an arc, e.g., 乚), and a mixture (mixing the above directions, e.g., ㄋ). As stroke direction is a categorical variable, it was dummy coded with five 1/0 binary variables: “Horizontal,” “Vertical,” “Diagonal,” “Arc,” and “Mixture,” where 1 indicates that it conforms to the form indicated by the variable name, and 0 otherwise. According to Kandel et al. (2006) and Zhang and Feng (2017), there are obvious interval time peaks among the graphemes (syllables or logographemes, also called a “boundary effect”) during handwriting, in which the velocity of the first stroke of the subsequent logographeme is slowest. Hence, the position of strokes was marked with three categorical variables: “StartStr” refers to whether a stroke is the initial stroke of the logographeme (labeled 1) or not (labeled 0), “EndStr” refers to whether a stroke is the last stroke of the logographeme (labeled 1) or not (labeled 0), and “MiddleStr” refers to whether a stroke is located between the initial and the last stroke of the logographeme (labeled 1) or not (labeled 0).




The Analysis of the Orthographic Representation of Chinese Character Handwriting

We compiled the strokes and ISIs with 50 orthographic variables into a database. In this section, we report an analysis of the orthographic representation of Chinese character handwriting, making use of a large-scale handwriting database of CFL learners. To minimize individual differences in timing, we then transformed each ISI into z-scores (ZISI). After deleting the aberrant ISI data (ZISI > 2), there were 12,951 valid stroke records left; Min. (ISI) = 0.024 s, Max. (ISI) = 4.814 s, Mean (ISI) = 0.450 s, SD (ISI) = 0.497 s.

Table 1 presents the descriptive results for the ISI and the orthographic variables, and Table 2 presents the correlations between the ISI and all other variables. From Table 2, we can see that (1) ISI was correlated with all character-located variables except TypeChaStr. It seems that the complexity of Chinese strokes and logographemes is negatively correlated with the ISI. Moreover, the ISI of the strokes in the left–right composition and surrounding composition was longer, and the ISI in the upper and lower composition was shorter. (2) ISI was correlated with all logographemic-located variables, except NumLogStr. The position of the stroke in a logographeme, whether the logographeme could form a character independently, and the complexity of the logographeme were significantly related to the ISI of the strokes. (3) There was a significant negative correlation with the three subsequent logographemes at most. (4) The ISI of strokes was related to the frequency and spatial form of the strokes being written. However, it had no significant relationship with the stroke segment complexity of the stroke itself.


TABLE 1. Descriptive statistics for all variables.
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TABLE 2. Correlations of all variables (N = 12,951).
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Because there were correlations among the predictors (Table 2), before conducting regression analyses, we checked for collinearity issues using a stepwise variance inflation factor (VIF) selection procedure with a wrapper of the VIF function in the fmsb R package (for the stepwise VIF selection procedure, see1). Setting the VIF threshold at 5, we found that having more than 20 variables led to collinearity. For instance, in the case of NumSeg and Mixture, strokes in multiple directions must be composed of more than two segments. To address this, we removed 22 variables. Further stepwise VIF selection revealed no collinearity among the remaining predictors. Hence, in the subsequent regression analyses, we included the following predictors, as shown in Table 3.


TABLE 3. The predictor variables in the regression analyses.
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The results of the regression model (R2 = 0.102, adjusted R2 = 0.100) are reported in Table 4. Assuming that the ISI reflects the retrieval of orthographic programming codes, the orthographic representation in “online” processing is multilevel, including the whole character, logograms, and the strokes themselves. The variables of the logographeme where the stroke is located affect the ISI of strokes: the position of the stroke in the logographeme has a significant impact on the ISI of the stroke. Whether the logographeme to be written is on the right, below, or surrounded by the previous one, the ISI before the starting stroke of the logographeme is longer than those of the strokes at the middle and end of the logographeme. The stroke at the end of the logographeme shows the opposite trend, however. Hence, there is an obvious logographemic boundary effect, as the ISI is longer, with more strokes and more types of segments. Surprisingly, however, the shorter the ISI, the fewer stroke types in the logographeme, which may be related to the mapping relationship between strokes and segments. In addition, the ISI of strokes in a component that can form a character independently on other occasions and has its own phonetic identity is shorter. The variables of the subsequent logographeme also impact the ISI of strokes in the logographeme being written: the ISI is longer, with fewer strokes but more segment types, in the subsequent logographeme. The identity of the subsequent logographeme (whether it can form a character independently or not) has a marginally significant impact on the ISI of strokes in the logographeme being written. Interestingly, the breadth of online orthographic representation processing is not limited to the logographeme being written but cascades over the first subsequent logographeme. In addition to the logographeme level, ISI is also affected by several variables of the whole character and stroke itself. The ISI is longer, with fewer segments (types) or with more strokes of character. Compared with other compositions, the ISI of strokes in up–down compositions tends to be shorter. The ISI of repeated strokes is shorter, whereas the ISI of more generative strokes is shorter, indicating that the information of orthographic representation includes the complexity, structure, and stroke identity of Chinese characters.


TABLE 4. Results of regression on ISI.
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To gain a better understanding of the relative importance of the predictors, we also used the calc.relimp function in the relaimpo R package to determine the relative importance of a predictor in the face of other predictors (Johnson and Lebreton, 2004; Grömping, 2006). Initially, we used three variables (StartStr, MiddleStr, EndStr) to represent the position of the stroke in the current logographeme. In order to describe the relative position between logographemes in detail, we assigned the relative position attribute to the initial stroke of the current logographeme. Therefore, the strokes with three variable (LR, UD, Sur) values of 1 were essentially the initial strokes; that is, StartStr = LR + UD + Sur. As shown in Figure 4, for ISI (as a measure of “online” orthographic access), the most important variables were those related to the position of the stroke: “LR,” “UD,” “Sur,” and “EndStr,” which explained more than 69% of the variance. The complexity of the logographeme where the stroke is located was also a key determinant of ISI, and the variables TypeLogSeg, TypeLogStr, and NumLogStr explained about 18% of the variance. In other words, the seven above-mentioned variables related to the logographeme located could explain more than 88% of the variance. The explanatory power of the variables from the subsequent logographeme, whole character, or stroke itself was relatively small and could explain 2.8, 5, and 3.8% of the variance, respectively. It can be said that the orthographic representation of real-time processing is multilevel, but that logographemes play a very important role, probably working as units of representation, as expected.
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FIGURE 4. Relative contributions of the different predictors to the ISI.





DISCUSSION

The current study represents the first systematic and large-scale empirical investigation into the orthographic representation of Hanzi by CFL learners during the execution of handwriting movements. In the field of written production, to explore how orthography may be represented and organized, many studies have used writing latency as the dependent variable to uncover the planning process before writing execution (Chen and Cherng, 2013; Damian and Qu, 2017; Wang et al., 2019). The second approach to exploring the cognitive mechanisms underlying writing production is to analyze the phenomenon of handwriting output errors in specific types of brain injury cases (Law and Leung, 2000; Han et al., 2007; Han and Bi, 2009). Another approach investigated the process of writing execution from a motor perspective (van Galen, 1991), and these studies utilized inter-letter/stroke interval or stroke velocity in writing execution as the dependent variables to explain the movement processes involved in written word production (Kandel et al., 2006; Vilageliu and Kandel, 2012; Zhang and Feng, 2017).


The Hierarchy and Unit of Orthographic Representation

In this study, following the third approach, we tried to study how orthography is represented and organized, taking the ISI as an index of parallel processing of multilevel orthographic representation, together with 50 orthographic variables from the whole character, logographeme, and stroke. After excluding 22 variables that caused collinearity, we used the 28 remaining independent variables as predictors to conduct the regression analyses. The results showed that orthographic representation has a hierarchy and that different representational levels are active simultaneously at the lower levels of van Galen’s (1991) model. Although properties from logographemes (the current logographeme and the subsequent one) accounted for 91.2% of the variance, those from the whole character and stroke to be written still have a certain explanatory power. At the whole character level, complexity and composition accounted for 4.9% of the variance; at the stroke level, identity and generativeness accounted for 3.9% of the variance, which is compatible with the findings of Han et al. (2007) and Lo et al. (2016). This result partially supported Houghton and Zorzi’s (2003) dual-route model, which proposed two distinct representational levels, one for grapheme units and another for letter units. However, our findings differ from the dual-route model in suggesting that there may be a representation level of the whole character in Hanzi writing, which may be related to the complexity of the structure of Chinese characters. Among all predictors, logographemic properties play a decisive role, which is consistent with the findings of Han et al. (2007), indicating that the logographeme is likely to be an orthographic unit of representation. The more complex the logographeme (more strokes, more segment types), the longer the ISI. Moreover, the ISI of strokes in logographemes with phonetic identity is significantly shorter than that of logographemes without phonetic identity, indicating that the phonetic identity or the integrity of the logographeme can make orthographic representation easier to access, which is compatible with the findings of Han and Bi (2009). Our study has revealed more information about orthographic representation, but how different levels of representation operate and relate to each other—in other words, whether the representation at the three levels of whole character, logographeme, and stroke is processed in parallel or in sequence—needs to be studied further.



The Commonalities and Differences in the Orthographic Representations of Writing and Reading

The stroke is a structural unit that affects Chinese character recognition. Several studies have investigated the effects of the number, self-complexity, repeatability, and position of strokes on Chinese character recognition (Flores d’Arcais, 1994; Peng and Wang, 1997; Zhang et al., 2002; Wang et al., 2003). These results showed that the reaction time for Hanzi with more strokes is longer than that for Hanzi with fewer strokes and that the recognition of Hanzi composed of repeated strokes is faster and the error rate is lower than for Hanzi composed of non-repeated strokes. Moreover, different stroke positions have different effects on Hanzi recognition. Generally speaking, the initial stroke plays a more important role in recognition than the end stroke. In our study, the ISI of writing repeated strokes is shorter and the ISI of initial strokes is longer than that of middle and end strokes, which is a commonality in the orthographic representation of the writing and reading of Hanzi. Surprisingly, we found that the number of strokes had the opposite effect on writing and recognition. In the regression analysis, variables related to the number and type of strokes/segments could explain 24% of the variance. However, most of these variables were significantly negatively correlated with the ISI, which made the content of orthographic representation in recognition and writing different in terms of strokes.

At the logographeme level, the attributes of the current logographeme and, at most, three subsequent logographemes were significantly correlated with the ISI of the stroke, and properties from logographemes (the current logographeme and the subsequent one) could account for 91.2% of the variance, indicating that the number of logographemes was an important element of the orthographic representation, which is consistent with the conclusions of Hanzi recognition research (Peng and Wang, 1997). Moreover, the present study also found that orthographic representation also includes the complexity of the logographeme itself, such as the number and type of strokes/segments. In addition, both Hanzi recognition and writing contain a representation of the logographeme’s relative position. However, in this study, the ISI of the stroke in the right logographeme was longer than that in the lower or surrounding logographeme, contrary to the conclusions of Yu et al. (1990), which may be related to the experimental task. Our study adopted the direct copying task, whereas their research named the logographemes under the condition of the whole character.

At the whole character level, CFL learners find it easier to decompose left–right compositions (Hao and Fan, 2008). The conclusions of our study also support the representation of Chinese character structure in writing, but the results showed that the ISI of strokes in up–down compositions was shorter than in other compositions, contrary to the findings of Hao and Fan (2008). Hao and Fan (2008) used new characters composed of familiar logographemes, a method completely different from that of our study in terms of the familiarity of the experimental materials. Perhaps, for unfamiliar Hanzi, CFL learners tend to segment Chinese characters in the usual left–right linear direction, whereas up–down decomposition is more advantageous for familiar Hanzi.



The Similarities and Dissimilarities in Orthographic Representation Between Native Chinese Writers and Chinese as a Foreign Language Learners

Compared with the research on CFL learners, there are relatively more studies on the orthographic representation of Chinese characters handwritten by Chinese native writers, including patients with brain injuries and healthy writers. The logographeme is likely to be an orthographic unit of representation; in another way, there is a logographeme boundary effect in Chinese characters during writing execution, which is compatible with the findings for CFL learners (Xu et al., 2018) and native writers (Han et al., 2007; Chen and Cherng, 2013; Zhang and Feng, 2017). In CFL learner-oriented research, Xu et al. (2018) found that there was no significant difference in the interval effect of critical strokes between up–down and left–right characters. However, our findings differ from the results of Xu et al. (2018) in suggesting that the ISI of strokes in up–down compositions is shorter than in other compositions. In native writer-oriented research, orthographic representation includes not only the attributes of the logographeme, such as the (phonetic) identity (Han et al., 2007; Han and Bi, 2009) and complexity (Zhang and Feng, 2017), but also that of the stroke, such as the stroke identity (Lo et al., 2016). Our results show that the conclusions of previous studies on native writers are also applicable to CFL learners, meaning that there are similarities between the two. Moreover, the present research found that the orthographic representation of CFL learners was a hierarchy on the three levels of the whole character, logographeme, and stroke. This study also extensively analyzed the details of orthographic representation and found more information, such as the relative position of the logographeme, the repeatability of the stroke, the number of stroke types in the logographemes, and the attributes identified by segments, which was beneficial to the use of the pedagogical corpus. In addition, there are also differences between native writers and CFL learners in the occurrence and breadth of online processing of logographemes. See the following for details.



Occurrence of Online Processing of Logographemes

Most studies of the orthographic representation of Hanzi handwriting to date have revealed that logographemes are units of orthographic representation in handwriting production (Law and Leung, 2000; Han et al., 2007; Chen and Cherng, 2013). We conclude that in the multilevel orthographic structure of representation, the representation of the logographeme is absolutely dominant, which is basically consistent with the findings of previous studies. During handwriting movement, there is obviously a logographeme boundary effect (Zhang and Feng, 2017; Xu et al., 2018), like the syllable boundary effect in alphabetic languages (Kandel et al., 2006, 2009; Kandel and Valdois, 2007; Vilageliu and Kandel, 2012). In the regression analysis, the variable StartStr was eliminated on the grounds of collinearity, but the three relative position variables (LR, UD, Sur) entered the regression analysis and had a significant predictive effect (accounting for more than 60% of the variance) on ISI, as expected. The ISI before the initial stroke of the current logographeme is longer, whereas the ISI time of the end stroke of the current logographeme is shorter than that of other positions, indicating that, like native speakers, an obvious logographeme boundary effect in the process of handwriting Hanzi is also to be found among CFL learners.

It is generally believed that the abstract coding of the first logographeme is activated before writing execution, and other logographemes are processed online in parallel during execution. Zhang and Feng (2017) showed that for Chinese characters with higher frequency and fewer strokes in the first logographeme, the online processing for the second logographeme occurs at the end stroke of the initial logographeme, whereas for Chinese characters with low frequency and more strokes in the initial logographeme, the processing is delayed to the initial stroke of the second logographeme. In CFL teaching, we usually teach Chinese characters with high frequency and generativeness. Frequency is a meaningful influencing factor for native speakers, but for a CFL beginner, frequency may not play a major role. Therefore, there was a significant ISI decrease at the end stroke of the first logographeme due to the absence of planning for the second logographeme.



Breadth of Online Planning of Logographemes

As mentioned earlier, previous studies have shown that logographemes play a key role in the representation of writing orthography and the second logographeme of Chinese characters is processed in parallel during the writing of the initial logographeme because processing capacities are limited in writing latency. However, there is no clear research on the extent to which online cognitive processing cascades to subsequent logographemes, as the writing materials in many experiments only contained composite characters with two logographemes (Zhang and Feng, 2017; Xu et al., 2018). In our database, we collected a larger collection of character types, including 134 two-logographeme character types, 69 three-logographeme character types, 24 four-logographeme character types, and 5 five-logographeme character types, which made it possible to understand the breadth of online processing in logographeme units. According to the correlation, as shown in Table 2, we can see that the ISI of the stroke in the initial logographeme was related to the attributes of the subsequent three logographemes in the most complex five-logographeme characters. The results of the regression analysis showed that the current logographeme where the stroke was located could explain about 88% of the variance and that the first subsequent logographeme could explain about 3% of the variance. Both showed that the proportion of orthographic representation for logographemes reached about 91%. In other words, the online processing of the current logographeme in the composite character mainly occurs in the ISI of the initial stroke of the current logographeme, but the processing for the current logographeme has probably been done with a very small contribution when writing the previous logographeme. Hence, although there are more than two logographemes in a Hanzi, the online processing in a logographeme unit can only cascade to the first subsequent logographeme, and any effect of further ones is undetectable.



New Chinese Character Orthographic Units and Complexity Indexes

As described in the section on “The characteristics of Chinese characters,” linguists generally analyze a character in terms of three levels: radical, logographeme, and stroke. In addition, in the field of computer Chinese character recognition, the segment is the most basic graphic unit. Although only one study has shown that the number of segments affects orthographic access to Chinese characters (Wang et al., 2013), researchers have established many interpretative models for simple writing motion from the perspective of motion control (Plamondon, 1995; Grossberg, 2013). Writing a simple stroke with only one segment is an impulse response process, and writing a composite stroke with multiple segments is a linear combination of multiple impulse response processes. The complexity of writing motion execution increases as the number of segments increases. To our knowledge, most existing studies of the handwriting production of Chinese characters have used the number of strokes or components (radicals or logographemes) to define the complexity of orthography and have explored the effect of strokes and components on the access of orthography and writing execution (Lo et al., 2016; Wang et al., 2019). Compared with alphabetic languages, the separability of Chinese characters into strokes allows us to define the complexity of Chinese characters with less granular structural units. In the present study, those variables defined by segment could account for 17% of the variance, whereas the explanatory power of those variables defined by stroke was weaker, about 7%, which means that the segment may be a more effective structural unit for describing orthographic complexity. Interestingly, the effects of strokes and segments on orthographic processing during handwriting movement are usually not the same and are sometimes even opposite. For instance, the number and type of segments of the logographeme are significantly positively correlated with the ISI, whereas the number and type of strokes are significantly negatively correlated with the ISI, which may be related to the characteristics of the configuration system of Chinese characters. Although there are more than 20,000 Chinese characters, there are only about 32 kinds of strokes and 8 kinds of segments. Taking 口 as an example, it has three strokes, three stroke types, but four segments and two segment types. Characters with more stroke types may have fewer stroke segment types, which is particularly obvious in Chinese characters with symmetrical structures.




CONCLUSION

The present study made a first systematic analysis on the orthographic representation based on a large-scale pedagogical corpus of handwriting responses by CFL learners to a large sample of characters. The study used inter-stroke interval (ISI) as the index of parallel processing of multilevel orthographic representation from a motor perspective and made a mega-analysis on the depth and breadth of orthographic representation. We showed that orthographic representation has a hierarchy and that the logographeme is absolutely dominant, although three representational levels are active simultaneously during writing execution. Except for the first logographeme, the online processing of the logographeme to be written in the composite character mainly occurs before the initial stroke of the current logographeme, and the processing for the current logographeme has been done with a very small contribution when writing the previous logographeme. In addition, there exit the commonalities and differences between in the orthographic representations of writing and reading. Finally, we found that the segment is a more effective structural unit for describing orthographic complexity. These findings help us gain a deeper understanding of the cognitive mechanisms underlying writing and Chinese character recognition in reading and provide enlightenment on how to carry out effective Chinese character writing teaching in CFL.
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Positive valence bias refers to speakers responding faster to positive than negative information in L2 emotion words. Few researchers paid attention to the initial learning phase of L2 Chinese emotion idioms in which whether positive valence bias was acquired, based on the three-stage model of L2 vocabulary acquisition. Besides, whether the semantic information would modulate positive valence bias at the initial learning phase remained unclear. This study reports two experiments on speakers learning Chinese as a second language (CSL) to investigate positive valence bias in the initial learning phase of new Chinese emotion idioms and the modulation of semantic information on positive valence bias. Chinese as a second language speakers, who had acquired new Chinese emotion idioms and passed the test for learned Chinese idioms with a high accuracy rate before formal experiments, participated in Experiments 1 and 2. In Experiment 1, target materials were new Chinese idioms with positive and negative information. Positive valence bias at the initial learning phase of Chinese idioms was investigated with valence judgments. Experiment 2 used a semantic relatedness decision task further to explore the semantic effect on positive valence bias. The result in the first experiment showed that positive valence bias appeared in Chinese emotion idioms even at the initial learning phase of the acquisition. Meanwhile, semantic information of Chinese emotion idioms appeared to affect positive valence bias in the infant learning phase in Experiment 2. The findings revealed that semantic information would affect the performance of positive valence bias, suggesting that the semantic processing would automatically access the valence at the infant learning phase L2 Chinese emotion idioms. The research results provided evidence that positive valence bias would form in the infant learning phase of Chinese emotion idiom acquisition, based on the L2 vocabulary acquisition model.

Keywords: Chinese as a second language learners, positive valence bias, Chinese emotion idioms, semantic information, the L2 vocabulary acquisition model


INTRODUCTION

People prefer to listen to positive words in daily communication. Psycholinguistic studies on emotion words provided evidence to support this preference in language. Researchers found that positive words have a speed advantage over negative ones in the processing of emotion words with high arousal and either high (positive) or low (negative) valence (Pavlenko, 2008). Specifically, participants could make faster responses to positive words compared with negative counterparts, and this phenomenon was called positive valence bias (Dodds et al., 2015; Wang et al., 2019). This positive preference has been confirmed in a second language as well. Eilola and Havelka (2010) invited native English speakers and English as a second language (L2) speakers to participate in behavioral experiments with emotional Stroop tasks. The result showed that the two groups of participants both made slower responses to negative words significantly, in contrast to positive ones, suggesting that positive valence bias also appeared in the L2 emotion words. This finding had been proved in other related L2 studies on emotion words (Eilola et al., 2007; Sutton et al., 2007; Altarriba and Basnight-Brown, 2010; Degner et al., 2012).

However, whether this positive valence bias in the L2 emotion words could be generalized into the L2 Chinese emotion idioms with different features from emotion words remained unknown. Chinese emotion idioms, to some extent, differ from common emotion words on the number of characters and meanings. In general, compared with four-character Chinese emotion idioms, the most common emotion words consist of less than four characters in Chinese (e.g., “开心”/kāi xīn/in Pinyin, meaning to be happy in English, “难过” /nán guò/in Pinyin, meaning to be sad in English). With the feature of metaphor, Chinese emotion idioms include literal and figurative meanings, while the common emotion words only have a literal meaning. In other words, Chinese emotion idioms describe people’s feelings and emotions by metaphorical connotations, not the literal meaning. Wang et al. (2015) and Yu (2018) while common emotion words only bear the literal meaning to convey people’s thoughts. Despite some differences between Chinese emotion idioms and emotion words, speakers learning Chinese as a second language (CSL) all have to experience a similar gradual learning process to grasp and apply L2 Chinese idioms and words flexibly, especially for the late L2 learners.

According to the model of L2 vocabulary acquisition proposed by Jiang (2000), the late L2 speakers were obliged to experience three stages to reach the flexible application of L2 vocabulary. The first one is called the formal stage, where phonological and orthographic forms of a new word enter into a lexical entry. Next is the first language (L1) lemma mediation stage. In this stage, the lemma information, including semantic information of a new L2 word, is absorbed into the lexical entry and regulates L2 word usage by its L1 translation equivalents. The last stage is the L2 integration stage. This stage incorporates semantic, syntactic, and morphological information into the lexical entry when the new word is used frequently in real contexts. Based on the three stages in the L2 vocabulary acquisition model, speakers could learn the L2 vocabulary’s forms, semantics, and usage of L1 translation equivalents in the first two stages, classified as the initial learning phase in general, and the last one mainly referred to the application in natural contexts called the subsequent application phase by and large. In other words, late L2 speakers acquired L2 emotion words gradually by the initial learning phase and next application phase. Most studies in the second language showed that positive valence bias appeared in L2 emotion words people had developed and applied proficiently (Eilola et al., 2007; Sutton et al., 2007; Altarriba and Basnight-Brown, 2010; Degner et al., 2012). Few studies focused on this positive bias in the initial learning phase of L2 vocabulary acquisition. Thus, it seemed little known on the appearance of this positive bias in the initial learning phase of L2 vocabulary acquisition.

For emotion words with semantics and emotion information, there were two different accounts on the relation between semantics and emotion information. One assumption suggested that semantic information processing was independent of the emotion information, showing that semantic processing varied independently from emotion information (Opitz and Degner, 2012; Chen et al., 2015). In contrast, the other account suggested that semantic information processing was strongly associated with emotional information (Storbeck and Robinson, 2004; Eilola and Havelka, 2010; Dudschig et al., 2014; Sianipar et al., 2015). One behavioral study revealed that bilinguals processed the L2 emotion information depending on the access to the semantics (Storbeck and Robinson, 2004). Then, Eilola and Havelka (2010) proposed that the semantic processing of emotion words could refer to the automatic access to valence (Pavlenko, 2012). Or rather, the semantics of emotion words have a closer connection with valence rather than other factors among affective information. Much less research, however, has explored whether semantic processing was involved in the automatic access to valence. Besides, Eilola and Havelka (2010) focused on the familiar emotion words in which semantic processing automatically activated the valence. In other words, whether semantic processing in the initial learning phase of emotion words is directly accessible to the valence seemed unclear. If so, the semantic modulation of the valence processing should be demonstrated in the study.

As mentioned earlier, our study would pay more attention to three research questions. One was about whether positive valence bias would appear in L2 Chinese emotion idioms since a gradual learning process of L2 Chinese idioms is similar to L2 vocabulary. The second one was concerned with positive valence bias in the initial learning phase of L2 vocabulary. Another one referred to whether semantic processing of L2 Chinese emotion idioms would have access to the valence in the infant learning phase. Therefore, this study would design two experiments to explore three research questions mentioned earlier. Our main goal was to test further the appearance of positive valence bias in the initial learning phase of L2 Chinese emotion idiom acquisition in Experiment 1 by integrating the first two research questions. Experiment 2 would concentrate on the semantic effect on valence at the initial learning phase of L2 Chinese emotion idiom acquisition by manipulating the semantic factor of Chinese emotion idioms.



MATERIALS AND METHODS


Experiment 1


Participants

Thirty-four junior CSL learners (8 male, 20–27 years old, and mean age = 22.7 years) from the School of International Culture, South China Normal University, were recruited for the following two experiments. They were right-handed with normal or corrected normal vision. Regarding their native language, 24 learners were native Indonesian speakers, and the remaining ten learners were native Thai speakers. As for L2 language proficiency, twenty participants have passed HSK 4 (“Hanyu Shuiping Kaoshi,” an international standardized test of Chinese language proficiency, with levels from 1 representing the ability to communicate in basic Mandarin to 6 representing to be proficient as a native speaker). The rest of the participants succeeded in HSK5 without taking part in HSK4. Generally speaking, CSL international students could basically reach the level of HSK 4 at the end of sophomore year. Passing HSK4 or even HSK5 means, CSL learners were able to discuss complicated topics in paragraphs, such as Chinese culture and cross-cultural topics, reaching the (upper) intermediate HSK levels (The Office of Chinese Language Council International, 2007). They all completed a language background and proficiency questionnaire before the experiment. The mean age of the Chinese acquisition (AoA) was 14.56 (±6.03) years. Their self-rated levels of Mandarin in speaking (M = 5.09 and SD = 0.82), listening (M = 4.97 and SD = 0.82), reading (M = 4.90 and SD = 1.12), and writing (M = 4.35 and SD = 1.28), from 1 (very bad) to 7 (very good), were calculated.



Materials

Ninety-six Chinese emotion idioms with four characters (including 48 positive idioms and 48 negative idioms) were first chosen from the Complete Dictionary of Chinese Idioms (Wang, 2008) and the Chinese Idiom Dictionary (Yu and Sun, 2004). Then, 47 native Chinese college students from South China Normal University rated the valence of chosen idioms from 1 (very negative) to 7 (very positive). The scorer reliabilities for 47 native raters were calculated using the Kendall W coefficient of concordance (Siegel, 1956), showing a good inter-rater agreement (the Kendall W coefficient of concordance = 0.68 and p = 0.00). The frequency and the total number of strokes of these idioms were computed with BCC Chinese corpus (Beijing Language and Culture University-Corpus Center) (Xun et al., 2016). A total of 30 Chinese idioms (half were higher than the mean valence of all 48 positive idioms and the other half were lower than the mean valence of all 48 negative idioms) were selected, and these 30 selected idioms were not taught in class according to the feedback of the teachers for teaching Chinese as a Second Language (TCSL) from the School of International Culture, South China Normal University. Meanwhile, eight CSL juniors who did not participate in the formal experiment were invited to pick out the idioms with which they were unfamiliar. Specifically, the eight CSL juniors were asked to explain the meanings of 30 idioms and make a sentence with each idiom. The meanings and sentences with idioms they provided were evaluated by TCSL teachers. The 24 idioms were picked out on the basis of the wrong meanings and incorrect sentences these CSL students gave. In total, 24 Chinese emotion idioms (half were positive and the other half were negative) were selected from 30 idioms. All the Chinese characters in the selected idioms were familiar in form but strange in semantics to the participants in the experiments. Twenty-four selected Chinese emotion idioms were target materials in the first experiment. The characteristics of all Chinese emotion idioms are presented in Table 1, and 24 selected Chinese emotion idioms are listed in Table 2. The rating revealed a significant difference in valence between positive and negative Chinese emotion idioms (t11 = 7.58 and p < 0.001). But both positive and negative idioms were similar in frequency (t11 = 0.01 and p = 0.99) and strokes (t11 = 0.44 and p = 0.67).


TABLE 1. Characteristics of Chinese emotion idiom in the experiments.
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TABLE 2. Twenty-four Chinese emotion idioms and their Pinyin.
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Design and Procedure

We used a single factor (types of valence: positive idiom and negative idiom) within-subject design for exploration. The dependent variables were reaction times (RTs) and accuracy (ACC).

Before the formal experiments, 34 participants were taught 24 selected Chinese emotion idioms for 80 min in class with annotations, examples, and pictures. After learning, CSL learners had to complete a test by reading Chinese emotion idioms and choosing the right one to finish a sentence. At last, all participants grasped these Chinese emotion idioms to reach a 90% ACC rate in this test. Then, 34 participants who passed the test took part in the first experiment. The task of the experiment mainly asked participants to make valence judgments on newly learned Chinese emotion idioms presented at the center of the screen. The task was conducted using E-prime 2.0.10. In total, there were 24 trials. Each trial of the task began with the presentation of fixation cross “+” for 800 ms. Then, a Chinese emotion idiom was followed, where participants were required to judge the valence of emotion idioms. To be specific, they had to judge whether the idiom was positive or negative (by pressing the “F” or “J” key). One-half participants pressed the “F” key when seeing the positive idioms and pressed the “J” key for negative stimuli, while the other half responded to the positive idioms with the “J” key and chose the “F” key responding to negative ones. The presented Chinese emotion idiom would remain on the screen until a judgment was given or after 2,000 ms had passed. Before the formal experiment, there were four practice trials (Figure 1).


[image: image]

FIGURE 1. A trial used in Experiment 1.




Results

Three participants were removed from the analysis, given that their ACC rates were lower than 50%. Besides, the error trials were excluded, and RTs in the correct trials beyond 2.5 SDs from the mean were also removed as outliers. Based on the two removal criteria mentioned earlier, 19% of data were deleted. The descriptive results are shown in Table 3.


TABLE 3. Mean reaction times (RTs) and accuracy (ACC) in Experiment 1 (SDs in parentheses).
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Reaction time analysis was conducted with mixed-effect models, using the lme4 package (Bates et al., 2007) and the lmerTest package (Kuznetsova et al., 2014) of the statistical software R 3.4.3. Mixed-effect models were used because the method took random effects of participants and items into consideration, offering a more appropriate way for us to model the data. This could generalize the results of this study to the other studies with similar subjects and items.

For RT analysis, we fitted a mixed-effect model with the type of valence (positive idiom vs. negative idiom) as a fixed effect. In addition, we included by-participants and by-item random intercepts as random effects. To determine the best-fitting structure in the study, we employed the forward comparison method (Bates et al., 2015; Matuschek et al., 2017). Table 4 gives a summary of results from the model for RTs. As shown in Tables 2, 4, we could find a significant difference in RTs between positive and negative idioms (p = 0.036) (Table 4), suggesting faster RT in positive idioms (961 ms) than in negative idioms (1,077 ms).


TABLE 4. Model parameters for the best-fitting model for RTs in Experiment 1.
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For ACC analysis, a generalized linear mixed-effect model with binomial distribution was used to analyze the ACC rate with the type of valence (positive idiom vs. negative idiom) as a fixed effect. By-participant and by-item random intercepts were included as random effects. Table 5 summarizes the results from the model for ACC. As shown in Tables 3, 5, the difference for the type of valence was not significant (p = 0.195). In general, the results showed that positive valence bias occurred in Chinese emotion idiom for RTs, and this phenomenon in RTs was not at the cost of reducing ACC.


TABLE 5. Model parameters for the best-fitting model for ACC in Experiment 1.
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In brief, positive valence bias in emotion words was found in Chinese emotion idioms for CSL learners as well. Furthermore, this phenomenon in emotion words had been acquired well in the infant learning phase of L2 Chinese emotion idioms.

In emotion words, the semantics seemed to be associated with the valence. Eilola and Havelka (2010) found that semantics could directly access the valence of the emotion words (Pavlenko, 2012). Based on the L2 vocabulary acquisition model proposed by Jiang (2000), at the initial learning phase, semantic information of emotion idioms has been acquired. If this was the case, semantic information processing should have activated the valence in the infant learning phase of emotion idioms, suggesting the semantic modulation of the positive valence bias. In the second experiment, we, therefore, decided to investigate the semantic effect on positive valence bias in the infant learning phase of L2 Chinese emotion idiom acquisition by a semantic relatedness decision task applied in many psychological pieces of research (Silveri et al., 1996; Balota and Black, 1997; Zwaan and Yaxley, 2003). According to the assumption that semantic processing would be the access to valence, we could predict that the positivity bias only happens in the related semantics, revealing semantic processing would automatically activate valence in the initial phase of emotion idioms. Besides, with our attention to the initial learning phase of L2 Chinese emotion idioms, we invited the same participants to participate in Experiment 2.




Experiment 2


Participants

The same thirty-four CSL learners in Experiment 1 participated in Experiment 2.



Materials

Prime words related and unrelated to target idioms in semantics were selected. Six related prime words in semantics for each Chinese emotion idiom were chosen from the BCC Chinese corpus (Beijing Language and Culture University-Corpus Center) (Xun et al., 2016). Then, the most related one in semantics from six prime words was selected with 289 online questionnaires. Moreover, specific words (e.g., “书本” /shū běn/ in Pinyin, meaning “book” in English) were chosen as unrelated prime words. These related and unrelated words are listed in Table 6. Fifteen native Chinese speakers were invited to rate the semantic relatedness between the prime words (related and unrelated) and emotion idioms (positive and negative), using a seven-point scale (1 = very unrelated and 7 = very related). The scorer reliabilities for 15 native Chinese raters were calculated using the Kendall W coefficient of concordance (Siegel, 1956), showing a good inter-rater agreement (the Kendall W coefficient of concordance = 0.725 and p = 0.00). The rating data of the semantic relatedness between emotion idioms (positive and negative idioms) and prime words (related and unrelated) was analyzed using a two-way ANOVA. The results showed no significant main effect of emotion idioms (positive and negative idioms) on the semantic relatedness, F(1, 11) = 0.948 and p = 0.35, while there was a significant main effect of prime words (related and unrelated) on the semantic relatedness, F(1,11) = 2,216.12 and p < 0.001, suggesting the distinct difference on the semantic relatedness between the related and unrelated prime words on the semantics. Besides, the interaction of the semantic relatedness between emotion idioms and prime words was also insignificant, F(1,11) = 1.539 and p = 0.24. The frequency and the total number of strokes of prime words were computed with BCC Chinese corpus (Beijing Language and Culture University-Corpus Center) (Xun et al., 2016). These characteristics of prime words are listed in Table 7. Both prime words in positive and negative idioms were similar in frequency (t46 = 1.38 and p = 0.18) and strokes (t46 = -0.39 and p = 0.70). Fillers contained six positives and six negative four-character words (e.g., “开开心心”/kāi kāi xīn xīn/ in Pinyin, meaning to be happy in English; “十分生气”/shí fēn shēng qì/ in Pinyin, meaning to be very angry in English), not idioms. Before Experiment 2, TCSL teachers from the School of International Culture, South China Normal University, were invited to revise all the prime words and fillers to ensure that junior CSL speakers had learned these words in class. Besides, eight CSL juniors involved in selecting the target idioms could also recognize and tell the meanings of these prime words and fillers without participating in the formal experiments.


TABLE 6. Twenty-four Chinese emotion idioms, and the related and unrelated words.

[image: Table 6]

TABLE 7. Characteristics of prime words in Experiment 2.
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Design and Procedure

We used 2 (types of valence: positive idiom and negative idiom)×2 (semantic relatedness: related and unrelated) within-subject design in Experiment 2, with RTs and ACC as dependent variables.

This study conducts a semantic relatedness decision task to determine whether semantic information would modulate positive valence bias in the L2 Chinese emotion idiom learning phase. There were 60 trials in total for this experiment. Each trial began with the presentation of fixation cross “+” for 800 ms, followed by a prime word for 2,000 ms. Then, the target Chinese emotion idiom was displayed for 2,000 ms or disappeared when a response was given. Participants were instructed to decide whether the target Chinese emotion idiom was related to the prime word in semantics. They responded to this task as quickly and accurately as possible by pressing the “F” or “J” key, which were counterbalanced across participants. Before the experimental session, participants first completed four practice trials (Figure 2).


[image: image]

FIGURE 2. A trial used in Experiment 2.




Results

Five participants whose ACC rate was below 50% were removed from data analysis. The rest of the data removal procedures were identical to Experiment 1. Then, 72% of the data were kept for further analysis. Descriptive results are shown in Table 8.


TABLE 8. Mean RTs and ACC in Experiment 2 (SDs in parentheses).
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We fitted a mixed-effect model for RT analyses with the type of valence (positive idiom vs. negative idiom), semantic relatedness (related vs. unrelated), and their interactions as fixed effects. Prime word frequency, word frequency of idiom, language background (AoA, the first language), L2 language proficiency (listening, speaking, reading, and writing) were added into this mixed-effect model as covariates. We considered by-participant and by-item random intercepts and by-participant random slopes for the valence and semantic relatedness and their interaction as random effects. The forward comparison method was employed to determine the best-fitting structure in the study (Bates et al., 2015; Matuschek et al., 2017).

As shown in Figure 3 and Tables 8, 9, no main effects were significant but the interaction between type of valence and semantic relatedness was significant (p = 0.023). To further understand this interaction, we conducted separate sub-models for related semantics and unrelated semantics. In the related semantics, we found that the main effect of valence was significant (p = 0.018), suggesting the appearance of positive valence bias. In the unrelated semantics, the main effect of valence was nonsignificant (p = 0.466), indicating no positive valence bias. Among the covariates, only the idiom frequency was significant (p = 0.047), and other covariates were insignificant (Table 9).


[image: image]

FIGURE 3. An interaction between semantic relatedness and type of valence for RTs. *p < 0.05.



TABLE 9. Model parameters in the mixed-effect model for RTs in Experiment 2.
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We conducted a generalized linear mixed-effect model with a binomial distribution for ACC analyses, with the same fixed effect structure, covariates, and random effect structure as the linear mixed-effect model for RTs. For this model, the variables were coded using a mean-centered contrast. However, the two main effects and interaction effects were not statistically significant (Table 10). These results showed that this positive valence bias shown in RTs was not at the expense of reducing ACC.


TABLE 10. Model parameters in the mixed-effect model for ACC in Experiment 2.

[image: Table 10]
In summary, the main effect of valence was significant in the related semantics, while no significant signs were in the unrelated semantics, revealing that in the initial learning phase of L2 Chinese emotion idiom acquisition, the semantic information would conditionally modulate the positive valence bias. This finding consistent with our prediction has confirmed the automatic access to the valence in the semantic information processing.





DISCUSSION

This study mainly investigates positive valence bias and semantic modulation on this bias in the initial learning phase of L2 Chinese emotion idiom acquisition. In Experiment 1, immediately after CSL participants had learned Chinese emotion idioms, positive valence bias in Chinese idioms was found. This result suggested that positive valence bias could occur even at the initial learning phase of L2 Chinese emotion idioms. In Experiment 2, newly learned positive valence bias was measured with semantic relatedness decision task. The significant result revealed that the semantics seemed to conditionally modulate positive valence bias in the earlier learning phase of L2 Chinese emotion idioms. Overall, one remarkable finding was revealed that positive valence bias presented not only in L2 Chinese emotion idioms but also at the earlier learning phase. The other significant finding showed that in the initial learning phase of Chinese emotion idioms, the semantic information still would modulate the presence of positive valence bias, suggesting that semantic processing would be involved in the access to valence. Then, we would illustrate the results of this study from two aspects, positive valence bias and its semantic factor.

Positive valence bias was also found in L2 Chinese emotion idioms. This finding was in line with previous studies on L2 emotion words (Eilola et al., 2007; Sutton et al., 2007; Altarriba and Basnight-Brown, 2010; Eilola and Havelka, 2010; Degner et al., 2012). Eilola and Havelka (2010) used the common emotion words with which L2 speakers were familiar and discovered positive valence bias in L2 emotion words. In other words, positive valence bias in L2 emotion words could be generalized to L2 Chinese emotion idioms, based on the finding in our study.

Furthermore, positive valence bias occurring in L2 familiar emotion words had formed very early since this valence bias appeared in the initial learning phase of L2 Chinese idiom acquisition. According to the three-stage model of L2 vocabulary acquisition put forward by Jiang (2000), we supposed that CSL learners might have experienced three similar stages in Chinese idiom acquisition, just as L2 vocabulary. At the first stage, learners are familiar with the formal information of Chinese idioms. At the second stage, they should independently develop and grasp new semantics and lemma in the idiom learning without bypassing L1 translation equivalents. Finally, CSL learners could use Chinese idioms proficiently in the context. Based on this finding in our study, positive valence bias seemed to form in the first two stages of the L2 acquisition model rather than after the final application stage. In other words, positive valence bias could be possible to present in the initial learning phase of L2 emotion vocabulary acquisition, which is consistent with the observation from most L2 emotion words in other studies that people have acquired and applied proficiently (Eilola et al., 2007; Sutton et al., 2007; Altarriba and Basnight-Brown, 2010; Eilola and Havelka, 2010; Degner et al., 2012). Besides, the initial learning phase included the first two stages based on L2 vocabulary acquisition (Jiang, 2000). Specifically, which one in the first two stages of L2 vocabulary acquisition would be closer relevant to the appearance of positive valence bias remained further to be explored in the future.

In Experiment 2, CSL participants showed faster responses to positive idioms than negative ones in processing related semantic information. This significant finding in semantic factor proved that this positivity bias was well-established in the initial learning phase of emotion idioms again since positive valence bias in the valence judgment task also appeared in the semantic relatedness decision task. Besides, the result that semantic effect on positive valence bias verified that semantic processing did get automatic access to valence information in emotion words (Eilola and Havelka, 2010; Pavlenko, 2012). Positivity bias happened in the related semantic condition but not in the unrelated semantics, suggesting that the processing of related semantics facilitated the access to valence, and the semantic unrelatedness did not activate the valence information, resulting in the disappearance of positive valence bias.

More generally, our result that semantic modulation of the positivity bias provided further evidence for the assumption that the processing of semantic information was associated with the emotion information, especially with the valence in emotion words. Furthermore, the clear demonstration of semantic effect on positive valence bias suggested that, at least, at the initial learning phase of emotion idioms, semantic processing is connected with emotion information rather than independent of the emotion information.

Word frequency as a factor would influence the speed for responding to familiar emotion words with different valence (Chastain et al., 1996; Burt, 2002; Kahan and Hely, 2008). Burt (2002) found that participants responded faster to familiar emotion words with high word frequency in the emotional Stroop task than low-frequency emotion words in the experiments. Based on these studies, word frequency as a covariate in this study was controlled as the frequency was unrelated to our research purposes. We found that the semantic modulation of positive valence bias could be observed when the influence from word frequency of idiom was removed as a covariate. It suggested that word frequency of idioms still affects response speed in the initial learning phase of Chinese emotion idioms. Thus, word frequency of idioms seemingly was worth investigating as a variable at the earlier learning phase of emotion words in the future.

Interestingly, regarding the ACC in the two experiments, there were different performances between the two tasks, although the ACC rate of all conditions from the two tasks was higher than the chance level. The ACC rate was nearly higher than 80% in the valence judgment task, while the ACC rate of the semantic relatedness judgment task was lower than 80%. Based on the discrepancy in ACC for the processing of valence and semantics, we assumed that CSL learners were more prone to grasp and judge the valence of Chinese emotion idiom acquisition than semantics. In addition, with the two experiments’ distinct research proposes, the difference in task difficulty was plausibly responsible for the discrepancy in the ACC. Specifically, compared with the valence task referring to target idioms, the semantic relatedness task was possibly more complicated, involving the semantic association between prime words and target idioms.

There were some limitations in the research. This one limitation was about the learning method in the learning phase. Participants were required to learn 24 Chinese emotion idioms for 80 min in class at a time. This approach to learning would enable participants to feel fatigued. However, this tiredness had the same effect on the positive and negative idioms for idioms in a balanced way. The other referred to the language background of participants. With the high requirement for L2 language proficiency, we could not find enough CSL learners with HSK 4 from the same country. Therefore, participants were mainly from Indonesia and Thai. Some CSL participants were at the level of HSK 4, but a few were with HSK 5. The difference in the L1 background and L2 proficiency of CSL learners might have less influence on Chinese emotion idioms acquisition. Regarding the possible influence of language background and L2 language proficiency on the results, the two factors were controlled as covariates in the statistical analysis. The results showed that language background and language proficiency seemingly fail to affect the performance of positive valence bias.

In the future, it might be interesting to investigate further the stages in a model where positive valence bias would be acquired, e.g., which stage at the initial learning phase of Chinese emotion idioms is closer related to the presence of positive valence bias.



CONCLUSION

This study found evidence that CSL learners instantly responded faster to positive information than negative information after learning new Chinese emotion idioms, supporting that in the initial learning phase of Chinese emotion idiom acquisition, positive valence bias had been learned. Furthermore, we observed the positive valence bias in the semantically related condition, but not in the semantically unrelated condition, indicating that the semantic information would conditionally regulate this positive valence bias in this learning phase, at least for L2 Chinese emotion idiom acquisition. Again, the results supported positive valence bias acquisition in the initial learning phase of Chinese emotion idioms and even verified that semantic processing was direct to access valence, not independent of emotion information. Our findings showed that positive valence bias did form in the infant learning phase of L2 Chinese emotion idioms, discovered the processing of semantics accessible to valence, and supported the assumption that semantics was associated with the emotion information.
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Previous studies have found the effect of cognitive skills (e.g., phonological awareness, morphological awareness, orthographic awareness, and rapid automatized naming) on reading ability, but the role of different reading-related skills in acquisition of Chinese as a second/foreign language (CSL/CFL) remains unexplored. Prior meta-analyses on the relationship between cognitive skills and reading have been conducted primarily in native English-speaking or Mandarin-speaking children. The purpose of the present meta-analysis was to examine the relationship between Chinese reading-related skills and Chinese word reading of CSL/CFL learners. A search of English and Chinese databases yielded 42 effect sizes, comprising 1103 subjects met the criteria for meta-analysis and were included in the final meta-analysis. Results revealed a moderate relationship between phonological awareness (r = 0.41), morphological awareness (r = 0.36), orthographic awareness (r = 0.38), rapid automatized naming (r = −0.32) and Chinese word reading in CSL/CFL learners. In addition, a moderating effect of length of study on the relationship between phonological awareness and Chinese word reading (QB = 5.20, p = 0.023): phonological awareness and Chinese word reading correlated more strongly for beginning learners than for advanced learners. These results suggest importance of cognitive factors in the acquisition of Chinese word reading as a second language. Results also shed light on the impact of length of study on the influence from phonological awareness to the sensitive period of phonological learning for CSL/CFL learners.

Keywords: Chinese as a second/foreign language, Chinese word reading, meta-analysis, CSL/CFL learners, reading-related skills


INTRODUCTION

Chinese has become more and more important as a second or foreign language (CSL/CFL) both inside and outside China over the last two decades. According to the official website of the Central People’s Government of the People’s Republic of China, more than 4,000 universities, 30,000 primary and secondary schools, and 45,000 Chinese language schools and training institutions worldwide offer Chinese language courses, and the cumulative number of people learning Chinese outside of China had reached 200 million by September 20201. The expansion of CSL/CFL teaching and learning has been linked to extensive study on topics involving the learning of Chinese in non-Chinese learners across the world (Gong et al., 2020). Learning to read Chinese, a logographic writing system (Shu, 2003), is a unique process as compared to learning to read an alphabetic language such as English.

Learning to read is a process that requires a number of cognitive and metalinguistic skills (Tong and McBride-Chang, 2010a). Previous studies have shown that phonological awareness (PA), morphological awareness (MA), orthographic awareness (OA), and rapid automatized naming (RAN) were particularly essential for children’s reading acquisition, both in alphabetic languages and in Chinese reading (McBride-Chang and Manis, 1996; Ho and Bryant, 1997a; Parrila et al., 2004; Tong et al., 2009; Tong and McBride-Chang, 2010b; Lei et al., 2011; Li et al., 2012; Lin et al., 2012; Xue et al., 2013; Wang et al., 2014). But their roles are slightly different in Chinese reading and English reading. For example, it has been argued that PA plays a more important role in English reading, while MA plays a distinct role in Chinese reading (McBride-Chang et al., 2006, 2013; Shu et al., 2006). The influence of these cognitive skills on reading in native languages (e.g., English and Chinese) have been systematically investigated in previous meta-analyses (Swanson et al., 2003; Melby-Lervåg, 2012; Song et al., 2016; Ruan et al., 2018). However, no systematic review or meta-analysis has been done to examine the relationship between these cognitive skills and Chinese reading in CSL/CFL learners. The purpose of this meta-analysis was to investigate the relationship between reading-related skills and reading of Chinese as a second/foreign language.


Characteristics of Chinese Characters

More than 80 percent of modern Chinese characters are phonetic-semantic compounds [e.g., 材/cai2/(material)], i.e., a character is made up of two parts: a phonetic radical and a semantic radical. The phonetic radical provides the pronunciation clues (e.g., 才/cai2/) and the semantic radical provides the meaning information [e.g., 木(wood)] (Shu, 2003). In terms of the semantic radical, according to Shu et al. (2003)’s research, about 58% of the characters taught in elementary school are semantic transparent [the semantic radical represents the character’s conceptual category, e.g., 吃(eat), the semantic radical 口(mouth) is directly related to the meaning of the character], 30% are semi-transparent [the semantic radical indirectly relates to the character’s meaning, e.g., 猎 (hunting), the semantic radical 犭 means animal] and 9% are opaque characters [the radical gives no clues regarding the character’s meaning, e.g., 略 (brief), the semantic radical 田(field) provides no information about character meaning]. For the phonetic radical, about 39% of characters are regular (the phonetic radical provides trustworthy information about the pronunciation of a character, e.g., 粮/liang2/, the phonetic radical is 良/liang2/), about 26% are semi-regular (the phonetic radical provides only limited information about the pronunciation, e.g., 积/ji1/ with the phonetic radical 只/zhi1/) and 15% are irregular characters (the phonetic radical provides no clues regarding the pronunciation, e.g., 路/lu4/ with the phonetic radical 各/ge4/). In addition, McBride (2016) also argues that Chinese character learning differs in four fundamental ways (semantic radicals, morphology and phonology, scripts, and orthography) from alphabetic language learning. Chinese as a logographic language, does not have the same grapheme–phoneme correspondence (GPC) rules as alphabetic languages (McBride, 2016). Furthermore, in Chinese, one character typically represents one morpheme, and there are a large number of homophones [e.g., 意/yi4/(meaning) and 异/yi4/(different)]. Thus learning Chinese is more challenging for L2 Chinese learners than L2 alphabetic language learners, especially for native speakers of alphabetic languages.



Cognitive Skills in Chinese Character Reading

It is well-accepted that PA and MA were both important for Chinese reading acquisition. PA is one category of metalinguistic development that continues to get attention as an important component of early reading abilities (Ball and Blachman, 1988). It is the ability to identify that a spoken word consists of a series of sounds, as well as to reflect on and manipulate the spoken language’s subunits, phonemes and words (Tunmer et al., 1988). MA implies an understanding of morphemes, either implicitly or explicitly (McBride-Chang et al., 2003), and a morpheme is the smallest unit of meaning and grammatical function in a language.

In terms of PA and MA’s contribution to Chinese acquisition, previous studies have consistently found they were important in Chinese reading (Ho and Bryant, 1997b; Siok and Fletcher, 2001; Li et al., 2002; McBride-Chang et al., 2003, 2005; Zhou et al., 2012; Hu, 2013; Tong et al., 2017). However, some studies found both PA and MA were important in Chinese L1 reading (Li et al., 2002; Hu, 2013), while others stressed the higher effect of MA than PA in both Chinese L1 (McBride-Chang et al., 2005; Zhou et al., 2012; Tong et al., 2017) and Chinese L2 reading (Hao and Zhang, 2006). It should be noted that in terms of the role of PA for Chinese reading, Shu et al. (2008) highlighted the significance of tone and syllable awareness in Chinese children’s early character acquisition, whereas Siok and Fletcher (2001) found onset-rime awareness played an important role in Chinese reading.

Previous research has also revealed OA plays an essential role in Chinese acquisition (Ho et al., 2003; Tong et al., 2009; Georgiou et al., 2021). OA refers to the understanding of the print conventions employed in a writing system or knowledge of how words are spelled (Conrad et al., 2013). Shaped like squares, Chinese characters which are made up of strokes emphasize visual structure and arrangement (Ho et al., 2003; Tong and McBride-Chang, 2010a). Therefore, Chinese OA is distinctly different from alphabetic languages, which is the ability to identify or distinguish real Chinese characters from a set of pseudocharacters, non-characters, and visual symbols (Tong et al., 2009). Chinese OA tasks involve judging and memorizing the correct position of Chinese characters’ radical/structures. Tong and McBride-Chang (2010a) found visual-orthographic skills was a consistent factor in explaining both Chinese and English word reading of Hong Kong children.

Finally, RAN has been found to be another important determinant of reading ability across languages (McBride-Chang and Manis, 1996; Moll et al., 2009; Georgiou et al., 2013; Wang et al., 2014; Zhou and McBride, 2015). RAN is a microcosm of the processes of reading (Norton and Wolf, 2012), which measures a reader’s efficiency in accessing lexical elements that are frequently used in a language (e.g., characters, numbers, and colors). It indicates not just the quickness of naming but also the language’s oral proficiency (Zhou and McBride, 2015). Wolf and Bowers (1999) proposed PA and RAN double-deficit hypothesis for dyslexia in English based on a review of previous research. Shu et al.’s (2008) study showed that RAN was an effective predictor of Chinese character recognition.

In previous meta-analyses of Chinese as a first language, the relationship between PA, MA, RAN, and Chinese word reading have been estimated. Song et al. (2016) and Ruan et al. (2018) found moderate relationships between PA and Chinese word reading (0.36 and 0.302 with reading accuracy, respectively; 0.39 and 0.263 with reading fluency, respectively). Similarly, moderate relationships have been found between MA and Chinese word reading (0.393 with reading accuracy, 0.385 with reading fluency) (Ruan et al., 2018). In addition, the correlation between RAN and reading accuracy was −0.38, the correlation between RAN and reading fluency was −0.51 (Song et al., 2016).



Cognitive Skills in L2 Chinese Character Reading

Regarding reading-related skills of Chinese as a second/foreign language, previous studies have controversial results. For the relationship between PA, MA, and Chinese L2 reading, some studies showed PA had moderate correlation with Chinese reading [e.g., 0.54 in Zhou et al. (2018)’s study; 0.57 in Hao and Zhang (2006)’s study; 0.41 in Ju et al. (2021)’s study; 0.3 in Zhang and Roberts (2021)’s study; 0.64 with character reading and 0.69 with two-character compound words reading in Hao and Wang (2020)’s study], while other studies showed no correlation [e.g., −0.06 in Zhou and McBride (2015)’s study; 0.33 in Chang (2011)’s study; 0.14 between tone awareness and character reading in Zhang (2017)’s study; 0.03 between onset-rime awareness and reading fluency, 0.29 between tone awareness and reading fluency in Hao and Zhou (2019)’s study].

It is worth noting that this inconsistency does not appear to be the result of the specific measures. This is because in the inconsistent results, some studies used similar types of measurements. For instance, Ju et al. (2021)’s study adapted from the PA measures used in Zhou and McBride (2015)’s study, the task included syllable deletion and phoneme deletion. However, these two studies showed different results. Zhou and McBride (2015)’s study had a non-significant correlation between PA and Chinese word reading (r = −0.06), while Ju et al. (2021)’s study presented a significant correlation (r = 0.41). In addition, the participants’ L1 was English in Ju et al. (2021)’s study, as was that of the majority of participants’ L1 in Zhou and McBride’s study (67.5% English). Such inconsistencies have also emerged in other studies [e.g., studies in Hao and Zhou (2019) and Hao and Wang (2020); studies in Hao and Zhang (2006) and Chang (2011)] (Hao and Zhang, 2006; Chang, 2011; Zhang, 2017; Zhou et al., 2018; Hao and Zhou, 2019; Hao and Wang, 2020; Ju et al., 2021; Zhang and Roberts, 2021).

In addition, the similar discrepancy was found in the correlation between MA and Chinese L2 reading, i.e., moderate correlation in some studies (Chang, 2011; Hao and Wang, 2020) and no significant correlation in others (Zhou et al., 2018). Zhang found that morphological compounding was not significantly correlated with both character reading (r = 0.172) and two-character compound words reading (r = 0.120), while the correlation between homography of MA and character/two-character word reading was significant (0.420 with character reading, 0.446 with two-character reading) (Zhang, 2017). Hao and Zhou’s (2019) study showed OA was correlated with reading accuracy and reading fluency while RAN just correlated with reading accuracy but not reading fluency.

As a result, it is important to investigate the controversy further based on larger samples and quantitative analyses in a meta-analysis with more existing research. In addition, our study can contribute to a better understanding of Chinese acquisition for CSL/CFL learners, which in turn helps researchers develop better CSL/CFL teaching methods and promote the development of Chinese teaching in the world.



Age, Length of Study, First Language and Current Meta-Analysis

Age plays an essential role in language learning (Flege et al., 1995). Critical period hypothesis (Scovel, 1988; Abello-Contesse, 2009), multiple critical period hypothesis (Schouten, 2009; Deyeyser et al., 2010) and multiple sensitive period hypothesis (Long, 1990, 2005; Moyer, 2004) all illustrate the importance of age in second language acquisition. Moreover, for native Chinese speakers, prior studies have shown that different levels of PA might develop at different rates and explain Chinese reading skills differently with age (Li et al., 2012), and MA plays an increasing role in reading with age (Xue et al., 2013). Likewise, it has been demonstrated that in Chinese L2 reading, age has an impact on the Chinese acquisition (Chai, 2013). For example, in children’s studies, some showed significant correlations (e.g., PA and reading: Zhou et al., 2018’s study; MA and reading: Hao and Wang, 2020’s study) while others showed no correlations (e.g., PA and reading: Zhou and McBride, 2015’s study; MA and reading: Zhou et al., 2018’s study). These controversial results might be caused by age. Therefore, it is necessary to explore the moderating role of age. Along these lines, we tried to check the role of CSL/CFL learners’ age on Chinese reading.

Apart from age, length of residence is apparently another important predictor in L2 acquisition (Flege et al., 1999; Deyeyser et al., 2010). As many participants did not reside in China, it was more appropriate to use length of study as a moderator variable in our analysis. Additionally, we were interested in the role of different first languages on the relationship between cognitive skills and reading, so we also tried to test the moderating effect of the L1.

In summary, the present study aimed to explore cognitive skills for learning to read Chinese as a second language. Specifically, the purpose of this meta-analysis was to examine the strength of the relationship between Chinese PA, MA, OA, RAN and Chinese word reading in CSL/CFL learners. We aimed to answer the following questions:


(1)What is the magnitude of the association between Chinese PA, MA, OA, RAN and Chinese word reading for CSL/CFL learners?

(2)Do age, length of study and L1 play moderating roles in the relationship between cognitive skills and Chinese word reading?






METHOD


Eligibility Criteria

The search and coding procedures are detailed in Figure 1. A series of inclusion and exclusion criteria were established to determine whether articles were included in this meta-analysis before the retrieval was formalized. The following criteria must be followed for the inclusion of studies: (a) studies assessed the correlations between at least one of PA, MA, OA, RAN, and Chinese word reading; (b) participants were CSL/CFL learners or bilinguals whose second language is Chinese; (c) to avoid any misunderstanding of the scripts, studies must be published in English or Chinese.
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FIGURE 1. Flow diagram for the search and inclusion of studies (adapted from http://www.prisma-statement.org/).


To avoid duplicate samples, articles by the same author were further screened. Only one study was coded for the data from the same group of participants. To be considered a measure of Chinese PA, the task should involve manipulation, generation, or judgment of syllables, phoneme, onset, rhymes, or tone in Chinese words (e.g., syllable deletion, phoneme deletion, onset-rime judgment, and the oddity test). In one of the studies, the participants were L2 Chinese-speaking ethnic minority children in Hong Kong, so the Cantonese phonological awareness and morphological awareness was tested as predictor variables (Zhou et al., 2018). Chinese MA included morphological construction, compounding production, homographic discrimination, and morphological judgment. In turn, to be considered a measure of Chinese OA, the test should involve judging and memorizing the correct position of Chinese characters’ radical/structures. Finally, RAN testing should require rapid array naming of objects, colors, characters, digits or other symbols in Chinese. The RAN task incorporated in our meta-analysis was for subjects to quickly read out Chinese characters or numbers, and then the time spent for oral reading was calculated. For Chinese word reading, the test included reading accuracy, reading fluency or overall reading skills. Test materials include single Chinese characters and two-character words.



Data Collection Process

We first searched in computerized databases (Web of Science, Springer, Elsevier ScienceDirect, and ProQuest) for studies published in English using the subject words combined with related free words: Chinese as a second/foreign language OR CSL/CFL learners OR L2 Chinese AND cognitive factors OR phon* awareness OR phonological awareness OR PA OR morphological awareness OR MA OR orthographic awareness OR orthography OR OA OR rapid automatized* naming OR naming speed OR RAN. Then we searched in databases (CNKI, VIP, and WanFang data) for studies published in Chinese using Chinese translations of the aforementioned subject and free words: 汉语作为第二语言 OR CSL/CFL OR 汉语二语 OR 对外汉语 AND 认知 OR 语音意识 OR 语素意识 OR 正字法 OR 快速命名 OR 命名速度. There is no limit on the year of publication. Together with the three additional articles (checking the references following the articles and searching for articles by experts in the field), we retrieved a total of 989 articles. Ten articles, forty-two effect sizes, comprising 1103 subjects met the criteria for meta-analysis and were included in the final meta-analysis (see Supplementary Appendix).



Coding Procedure

These studies were coded based on: (1) Basic study information: author(s), publication year, and publication type; (2) Sample sizes; (3) Age of participants; (4) Number of years participants had been learning Chinese (length of study); (5) Participants’ native languages (L1); (6) Measurement type of cognitive factors; (7) Reading type; (8) Effect sizes (r of PA, MA, OA, RAN, and reading). Detailed information regarding results coding is available in Supplementary Appendix.



Meta-Analytic Procedures

The analyses followed standard analytic procedures as claimed in PRISMA2. The correlations between predictor variables (PA, MA, OA, and RAN) and Chinese word reading, as well as information pertinent to age and length of study were coded. We used the meta package in R software (version 4.0.3) to perform data analysis.

The effect sizes for the studies were displayed by the Pearson’s r correlation coefficient, and all correlation indicators were translated to Fisher’s Z scale, all analyses were run with the transformed data. For presentation, the data were transformed back to correlation coefficients, including the overall effect and its confidence interval. A 95% confidence interval (CI) was calculated for each effect size to examine whether the correlation was significantly different from zero. The overall correlation was estimated by calculating a weighted average of the correlations from each study, and the strength can be assessed by these general guidelines: 0.1 < | r| < 0.3, small/weak correlation; 0.3 < | r| < 0.5, medium/moderate correlation; | r| > 0.5, large/strong correlation (Cohen, 1988). The fixed-effect model (common-effect model) assumes that there is one true effect size and that all differences are caused by sampling error, and the random-effects model posits the effect size varies from study to study (Borenstein et al., 2009). Hence, our study used random-effects models for analysis. Then we identified and quantified heterogeneity through Q statistic (p) and I2 value (0–100%), if I2 is large, we should explain the reasons for the variance, for example, by using subgroup analysis to explain it. Higgins et al. (2003) suggested I2 values on the order of 25%, 50%, and 75% might be considered as low, moderate, and high. The leave-one-out method was used as a metric of sensitivity analysis to evaluate the stability and reliability.

For the categorical moderator variables (age and length of study), the studies were separated into subgroups based on the categories of the moderator variable. The degree of differences between the subgroups of studies was tested with a Q statistic and by comparing the correlation magnitude with CIs between the study subgroups. Q-test would be significant when between-groups difference is statistically larger than within-group difference.

A forest plot indicated the effect sizes and confidence intervals for each study. The horizontal line represented the confidence interval of the study results, the square showed the effect size of a single study, and the diamond represented the summary effect in our meta-analysis.

A funnel plot was used to test for publication bias, with the horizontal axis being the effect size, the vertical axis being the standard error and the vertical line in the middle being combined effect value, ideally the studies should be evenly distributed on both sides. In the presence of bias, the funnel will be asymmetric. The funnel plot is a subjective qualitative method to determine the presence or absence of bias, and therefore requires a statistical test for the degree of asymmetry in the funnel plot. We used Egger’s regression intercept test to address publication bias in studies (Egger et al., 1997), and whether the bias was statistically significant based on the p-value. If publication bias exists, the trim and fill method is used to correct the model (Duval and Tweedie, 2000a,b).



Moderator Variables

We coded moderators: age, length of study and first language of the participants. The analysis for the moderator was not reported when there were less than four studies. As participants in some studies were from different countries and their L1 belonged to different language families, we had attempted a subgroup analysis using the language family to which their L1 belonged (Indo-European and Altaic). Only studies reported that participants from the same language family were included. Lamentedly, there were too few subgroup studies (less than four studies in the Altaic) to allow for L1 subgroup analysis. For age and length of study, it is noteworthy that the two moderator variables, did not overlap in our study, because participants in some studies were adults, but they had been learning Chinese for only a few months. In other studies, participants were children, and they had been learning Chinese since kindergarten (more than 3 or 5 years of learning). Considering this complex situation, that is why we conducted two different subgroup analyses. Ultimately, we coded two moderators (age and length of study) in the studies of the relationship between PA, MA, and Chinese character reading.



Age

Since there is a strong correlation between age of acquisition and age at testing (Deyeyser et al., 2010), and some of the studies did not clearly report the age of acquisition of the participants, we used age at testing as a moderator variable. We divided two subgroups, children and adults. On one hand, as age 12 was often mentioned as a turning point in early literature (Lenneberg, 1967; McDonald, 2006; Abrahamsson and Hyltenstam, 2008), on the other hand, the age distribution of the participants in these studies showed a clear cut-off point at age 12–17 (no articles in the age range). Specifically, the age range of children subgroup was from 7 to 11 years old, and 18 to 26 years old of adults subgroup.



Length of Study

There was also a cut-off point for the length of study of participants in these articles. Therefore, the L2 Chinese-speaking participants were divided into two subgroups according to the time they were exposed to the Chinese language environment. Beginning learners group learned Chinese for less than 2 years. Advanced learners group learned Chinese for 3–5 years.




RESULTS

The literature search and screening process resulted in 10 studies: five studies in Chinese and five studies in English. Forty-two effect sizes, comprising 1103 subjects met the criteria for meta-analysis and were included in the final meta-analysis, see Supplementary Appendix, for a list of the studies (e.g., age, length of study of the participants, measurement type, subgroup).


Correlations Between Phonological Awareness and Word Reading of Chinese as a Second/Foreign Language

Eighteen independent correlations including 1,003 subjects revealed the relationship between PA and Chinese word reading of CSL/CFL (Figure 2). The random-effects model used in this study, Q(17) = 47.92, p < 0.0001, I2 = 64.5% (Table 1). The weighted mean correlation was moderate and significant, r = 0.406, 95% CI [0.308,0.495], Z(17) = 7.50, p < 0.0001. The leave-one-out method was utilized to analyze reliability of the overall meta-analysis, revealing that each study made a similar contribution to the main effects, and the overall correlation raged from r = 0.38, 95% CI [0.29,0.49], to r = 0.43, 95% CI [0.33,0.51]. The funnel plot indicated no publication bias in the results (Figure 3). Egger’s regression intercept was 0.099, t = 1.83, p = 0.09, indicating that the correlation effect size did not have significant bias.
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FIGURE 2. Forest plot of the correlations between phonological awareness and Chinese word reading.



TABLE 1. Number of effect sizes, heterogeneity statistics, and Egger’s test of the relationship between phonological awareness, morphological awareness, orthographic awareness, rapid automatized naming, and Chinese word reading.
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FIGURE 3. Funnel plot of effect sizes vs. standard error for phonological awareness and Chinese word reading.




Correlations Between Morphological Awareness and Word Reading of Chinese as a Second/Foreign Language

Ten independent correlations including 671 subjects revealed the relationship between MA and Chinese word reading of CSL/CFL (Figure 4). The random-effects model used in this study, Q(9) = 33.02, p = 0.0001, I2 = 72.7% (Table 1). The weighted mean correlation was moderate and significant, r = 0.361, 95% CI [0.218,0.489], Z(9) = 4.74, p < 0.0001. The leave-one-out method was utilized to analyze reliability of the overall meta-analysis, revealing that each study made a similar contribution to the main effects, and the overall correlation raged from r = 0.32, 95% CI [0.18,0.45], to r = 0.39, 95% CI [0.23,0.52]. The funnel plot indicated no publication bias in the results (Figure 5). Egger’s regression intercept was 0.136, t = 0.88, p = 0.40, indicating that the correlation effect size did not have significant bias.
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FIGURE 4. Forest plot of the correlations between morphological awareness and Chinese word reading.
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FIGURE 5. Funnel plot of effect sizes vs. standard error for morphological awareness and Chinese word reading.




Correlations Between Orthographic Awareness and Word Reading of Chinese as a Second/Foreign Language

Nine independent correlations including 624 subjects revealed the relationship between OA and Chinese word reading of CSL/CFL (Figure 6). The random-effects model used in this study, Q(8) = 24.79, p = 0.0017, I2 = 67.7% (Table 1). The weighted mean correlation was moderate and significant, r = 0.376, 95% CI [0.240,0.497], Z(8) = 5.14, p < 0.0001. The leave-one-out method was utilized to analyze reliability of the overall meta-analysis, revealing that each study made a similar contribution to the main effects, and the overall correlation raged from r = 0.34, 95% CI [0.21,0.45], to r = 0.41, 95% CI [0.27,0.52]. The funnel plot indicated no publication bias in the results (Figure 7). Egger’s regression intercept was 0.312, t = 0.32, p = 0.76, indicating that the correlation effect size did not have significant bias.
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FIGURE 6. Forest plot of the correlations between orthographic awareness and Chinese word reading.
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FIGURE 7. Funnel plot of effect sizes vs. standard error for orthographic awareness and Chinese word reading.




Correlations Between Rapid Automatized Naming and Word Reading of Chinese as a Second/Foreign Language

Five independent correlations including 176 subjects revealed the relationship between RAN and Chinese word reading of CSL/CFL (Figure 8). The random-effects model used in this study, Q(4) = 6.80, p = 0.15, I2 = 41.2% (Table 1). The weighted mean correlation was moderate and significant, r = −0.323, 95% CI [−0.491, −0.133], Z(4) = −3.25, p = 0.001. The leave-one-out method was utilized to analyze reliability of the overall meta-analysis, revealing that each study made a similar contribution to the main effects, and the overall correlation raged from r = −0.40, 95% CI [−0.54, −0.25], to r = −0.28, 95% CI [−0.46, −0.07]. In addition, the funnel plot indicated that studies were missing on the right side of the mean. In the trim-and-fill analysis, one study was added (Figure 9) and the adjusted overall correlation was r = −0.276, 95% CI [−0.447, −0.085], Z(5) = −2.81, p = 0.005. Quantifying heterogeneity: Q(5) = 9.47, p = 0.092, I2 = 47.2%.
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FIGURE 8. Forest plot of the correlations between rapid automatized naming and Chinese word reading.
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FIGURE 9. Adjusted funnel plot of effect sizes vs. standard error for rapid automatized naming and Chinese word reading.


In addition, we compared the differences between these four correlation coefficients and found that they were not statistically significant (PA-reading vs. MA-reading: Z = 1.056, p = 0.291; PA-reading vs. OA-reading: Z = 0.693, p = 0.488; PA-reading vs. RAN-reading: Z = 1.164, p = 0.245; MA-reading vs. OA-reading: Z = 0.311, p = 0.756; MA-reading vs. RAN-reading: Z = 0.505, p = 0.614; OA-reading vs. RAN-reading: Z = 0.703, p = 0.482).



Moderator Analyses

A subgroup analysis was used to test for moderating effects, the results of the moderator analyses were shown in Table 2.


TABLE 2. Test for moderating effects of age and length of study on Chinese word reading and phonological awareness/morphological awareness.
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Age

In the correlation between PA and reading, there are 7 effect sizes, comprising 604 subjects in children group, and 11 effect sizes, comprising 399 subjects in adults group. The moderating effect of age was marginally significant (QB = 3.54, p = 0.060) (Figure 10): the correlation between PA and reading was slightly stronger in the CSL/CFL adults group (r = 0.483) than in the CSL/CFL children group (r = 0.311). In the correlation between MA and Chinese word reading, there are 5 effect sizes, comprising 494 subjects in children group, 5 effect sizes, comprising 177 subjects in adults group, and age did not play a moderating role (QB = 2.07, p = 0.150).
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FIGURE 10. Forest plot for age subgroup analysis between phonological awareness and reading.




Length of Study

In the correlation between PA and reading, there are 12 effect sizes, comprising 433 subjects in beginning learners group, 6 effect sizes, comprising 570 subjects in adults group. A moderating effect of length of study on the correlation between PA and Chinese word reading was observed (QB = 5.20, p = 0.023) (Figure 11): PA and reading correlated more strongly for beginning learners (r = 0.487) than for advanced learners (r = 0.285). In the correlation between MA and reading, there are 6 effect sizes, comprising 211 subjects in beginning learners group, 4 effect sizes, comprising 460 subjects in adults group, and length of study did not play a moderating role (QB = 0.73, p = 0.393).
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FIGURE 11. Forest plot for length of study subgroup analysis between phonological awareness and reading.






DISCUSSION

The present meta-analysis revealed moderate relations between reading-related skills (PA, MA, OA, and RAN) and Chinese word reading as a second/foreign language, and there were no significant differences among them. In addition, length of study moderates the relation between PA and reading.

First, our meta-analysis showed that PA correlated significantly with Chinese reading (r = 0.406), which supported the previous meta-analyses of Song et al. (2016) and Ruan et al. (2018) on the relationship between PA and reading in L1 Chinese. Although previous studies have shown that MA is more important than PA in Chinese reading (McBride-Chang et al., 2006, 2013; Shu et al., 2006), our study revealed that PA is equally crucial in Chinese reading, especially in Chinese as a second/foreign language.

In addition, our correlation coefficient is higher than Ruan et al. (2018) reported in their meta-analysis conducted in native Chinese subjects (reading accuracy: Z = 3.46, p < 0.001; reading fluency: Z = 0.97, p = 0.33). The difference might be due to the limited number of the present study and the different age groups between our study and Ruan et al.’s (2018) study. Ruan et al.’s (2018) meta-analysis excluded adults. If we only consider children subgroup, the r between PA and reading of the present study is similar to the size in their study (reading accuracy: Z = 0.23, p = 0.82; reading fluency: Z = 3.40, p < 0.001). In comparison with Wang et al.’s (2006a) study of L1 Chinese, L2 English bilinguals, our correlation coefficient for PA and reading is also larger (onset: Z = 2.43, p = 0.02; tone: Z = 2.58, p = 0.01). An explanation for this could be the cross-language transfer. Wang et al. (2006a,b, 2009) found that PA could be transferred from one language to another. That is to say cross-language facilitation in bilingual reading acquisition might occur at the phonological level. In our meta-analysis, most of the participants’ L1 were alphabetic languages. As previously stated, the relationship between PA and Chinese word reading could be facilitated by PA of the native language of CSL/CFL learners, especially for participants whose native language is an alphabetic language, as previous studies have shown a stronger correlation between PA and reading in alphabetic languages (McBride-Chang et al., 2006, 2013; Shu et al., 2006). Another explanation for this may be, most CSL/CFL learners start learning Chinese with Pinyin, which can facilitate the transfer of PA between Chinese and English reading (Wang et al., 2009). According to previous research, Chinese readers who had learned to read using Pinyin (e.g., Children in mainland China) were more adapted to manipulating phonics than readers who simply knew Chinese characters (e.g., Hong Kong children are not directly exposed to a phonetic coding system, they neither learn Pinyin like mainland children, nor do they learn Zhuyin Fuhao like Taiwanese children) (Read et al., 1986; McBride-Chang et al., 2004). For CSL/CFL learners, the study of Pinyin promoted cross-language transfer.

It should be noted that we also observed that length of study moderated the relationship between PA and CSL/CFL reading, and age’s effect was marginally significant. The correlation observed in beginning learners was stronger than advanced learners. Among native Chinese readers, Song et al. (2016) found age/grade did not moderate the relationship between PA and Chinese word reading, but the participants in their study were all children, with a grade range of 1–6. In contrast, the age distribution of the participants in our study was much wider. According to the multiple critical period hypothesis (Deyeyser et al., 2010), for adult learners, there is a significant association between ultimate attainment and verbal aptitude, but not for kids. Liu et al. (2020) found PA contributed significantly to Chinese character reading of beginning learners (studied Chinese for about 6 months) than zero-starting learners (studied Chinese for less than 3 months). Our study extends the age range further. Non-native speakers learn Chinese mostly through pinyin at the beginning. As we discussed before, beginning learners are influenced by the cross-language transfer effect, which can facilitate the link between PA and reading (Wang et al., 2009). However, as the length of study increases, L2 Chinese learners become more proficient in Chinese reading. Thus, for advanced learners, their Chinese reading has even reached an automated level, which makes them less dependent on PA. This may be the reason why their PA and reading correlation are lower than those of the beginning learners.

Secondly, our results also showed MA was significantly related to Chinese word reading (r = 0.361), which was similar to the previous meta-analysis of Ruan et al. (2018) (0.385 with reading fluency and 0.393 with reading accuracy). It is worth mentioning that according to previous studies, PA was more important for reading in English than for reading in Chinese, while MA was more important for reading in Chinese than English (McBride-Chang et al., 2005, 2006; Shu et al., 2006). Our results showed there was no significant difference in r between PA-reading and MA-reading (Z = 1.056, p = 0.291). It indicates that MA is equally important as PA in reading Chinese as a second language. As we have previously described, for CSL/CFL learners, especially those whose native language are alphabetic languages, the transfer of their GPC rules is more likely to facilitate the relationship between PA and Chinese reading than between MA and Chinese reading. In addition, age and length of study did not moderate the relationship between MA and reading. This is consistent with the finding of previous studies (McBride-Chang et al., 2003; Ruan et al., 2018). Ruan et al. (2018) coded grade level instead of age to distinguish reading development phases. They coded kindergarten children as “preschooler,” Grade 1 and 2 as “beginning,” Grade3 and 4 as “intermediate,” Grade 5 and above as “advanced.” They found grade did not moderate the correlation between MA and Chinese reading. These findings suggest that the correlation between MA and Chinese word reading was stable across age and learning stages, and MA is important for Chinese reading among CSL/CFL learners.

Thirdly, the results of our meta-analysis also revealed a significant relationship between OA and Chinese word reading (r = −0.376). Tong and McBride-Chang (2010a) investigated the relationships of OA, PA, and MA to Chinese and English word reading in Hong Kong children learning English as a second language. They discovered that OA was modestly related to Chinese word reading (r = 0.29 in 5th grade and r = 0.41 in 2nd grade). In addition, they found that Chinese OA could predict English reading (Tong and McBride-Chang, 2010a). We can infer that for L2 Chinese learners, their native OA may also facilitate the connection between Chinese OA and reading.

Finally, our findings showed that RAN was significantly related to Chinese word reading (r = −0.323). In the previous meta-analysis of Chinese and English (Araújo et al., 2015; Song et al., 2016), RAN correlated significantly with both reading accuracy (Chinese: r = −0.38, English: r = 0.42) and reading fluency (Chinese: r = −0.51, English: r = 0.49). RAN is a microcosm of the processes of reading, so it is likely to be related to reading fluency rather than accuracy (Norton and Wolf, 2012). Our correlation coefficient among CSL/CFL is smaller than those of previous studies in native Chinese readers, which may be due to the specificity of the subject population. A cross-language study found that L2 Chinese learners had a slower speed of Chinese RAN compared with native Chinese speakers (Zhou and McBride, 2015). For Chinese, syllable-character mapping is more arbitrary (Shu et al., 2003; Zhou and McBride, 2015). If learners do not know the meaning of a Chinese character, there are literally very few clues to rely on. The RAN task incorporated in our meta-analysis was for subjects to quickly read out Chinese characters or numbers, and then the time spent for oral reading was calculated. Obviously, CSL/CFL learners take more time than native speakers from seeing the target to speaking out. Furthermore, the correlation between RAN and Chinese reading in our meta-analysis is based on a smaller number of studies. As a result, our findings should be interpreted with caution and follow-up studies can continue to discuss the relationship between RAN and reading ability in second language learners.


Limitations

First, previous studies have concluded that learning to read Chinese relies on PA abilities far less than learning to read English does (Huang and Hanley, 1995; Ruan et al., 2018). However, in our study, we observed the importance of PA in Chinese reading as a foreign/second language. This may be due to the specificity of the participants. Additionally, in present study, most of the subjects’ L1 belonged to Indo-European, and only one article’s participants were Korean whose native language belonged to Altaic, so that a subgroup analysis of L1 could not be carried out. Similarly, subgroup analyses for Mandarin vs. Cantonese and character vs. word reading could not be performed due to limitations in the number of studies. Future studies could use these as moderating variables to examine whether transfer effects occur across different native languages if possible. Second, because of the relatively small number of extant articles, our age variable could not be subdivided among children, so we cannot make good inferences about whether cognitive factors play different roles at different stages for children CSL/CFL learners, which makes it difficult to compare with previous meta-analyses in Chinese children. Similarly, due to the limitation in numbers of articles, we were unable to divide the two aspects of reading (accuracy and fluency) as Song et al. (2016) and Ruan et al. (2018) did. Finally, the analysis for the moderator was not reported in OA and RAN, because there were not enough studies. Future studies can further investigate this issue when conditions allow.



Educational Implications

Learning Chinese as a second/foreign language is becoming increasingly important worldwide, and research on CSL/CFL reading can promote the development of L2 Chinese teaching. Our findings can promote a better understanding of CSL/CFL learning and help to propose targeted language training based on the role of different cognitive skills on reading, thus improving learning efficiency and teaching effectiveness. Results also shed light on the impact of length of study on the influence from PA to reading, which provides implications for the sensitive period of phonological learning for CSL/CFL learners.




CONCLUSION

Our meta-analysis explored the relationship between cognitive skills and reading form an L2 Chinese perspective, and showed that PA, MA, OA and RAN are significant correlates of Chinese reading. In addition, length of study moderated the relationship between PA and Chinese reading.
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Measuring Chinese character recognition ability is essential in research on character learning among learners of Chinese as a second language (CSL). Three methods are typically used to evaluate character recognition competence by investigating the following properties of a given character: (a) pronunciation (phonological method), (b) meaning (semantic method), and (c) pronunciation and meaning (phonological and semantic or PS method). However, no study has explored the similar or dissimilar outcomes that these three measurements might yield. The current study examined this issue by testing 162 CSL learners with various L1 backgrounds and Chinese proficiency levels. Participants' performance in character recognition measured using a phonological method, a semantic method, and a PS method was compared, which led to two major findings. In terms of similarity, participants' performance in character recognition and the influence of L1 background and Chinese proficiency level on character recognition was similar across the three methods. As for differences, the semantic method could yield a character recognition test with better quality than the other two methods, and the three methods yielded different best fitting models and showed different predictions for Chinese proficiency across different L1 groups. Theoretical and practical implications of these findings are proposed.

Keywords: Chinese characters, character recognition, character test, Chinese as a second language (CSL) reading, Chinese reading acquisition


INTRODUCTION

The Chinese script is categorized as a logographic or morphosyllabic writing system (DeFrancis, 1984). In general, although there are some mono-morphemic two-character words (e.g., 蝴蝶 húdié “butterfly,” 玻璃 bōli “glass”), a majority of Chinese characters carry a certain meaning as a morpheme and can be combined with another character to form a new word. For instance, 手机 (shǒujī, “mobile phone”) is composed of 手 (shǒu, “hand”) and 机 (jī, “machine”), with each character representing a morpheme. Chinese characters are recognized as the basic units of Chinese words and sentences, so sufficient Chinese character knowledge is fundamental for reading and writing skills for both native Chinese speakers and learners of Chinese as a second language (CSL). Recognizing a Chinese character generally means decoding both its pronunciation (phonology) and meaning (semantics), yet the sublexical or syntactic knowledge of the target character could also be activated during character recognition (Tsai et al., 2004; Yan et al., 2009, 2012; Tsang et al., 2017; Yeh et al., 2017; Pan et al., 2019).

Based on the number of orthographic components within a character, Chinese characters are classified as simple characters or compound characters. A simple character is composed of a single undividable component, such as 木 (mù, “wood”), while a compound character is comprised of two or more components, as in 森 (sēn, “forest” with three 木 glyphs). It is estimated that simple characters and compound characters make up about 15 and 85% respectively, of commonly used modern characters in mainland China (Shu et al., 2003). Decoding the pronunciation and meaning of Chinese characters is not an easy task due to the opaque mapping between orthography (visual forms) and phonology, and between orthography and semantics.

The relationship between orthography and phonology in a character is opaque, which poses considerable difficulty in extracting character pronunciation from written forms. Some semantic-phonetic compound characters, which make up about 70% of commonly used characters (Shu et al., 2003), contain a component bearing phonological information related to the pronunciation of the entire character, which is called a phonetic radical. However, the chance that a phonetic radical accurately indicates the character's exact pronunciation is low. According to the degree to which a phonetic radical corresponds to a whole character's pronunciation, phonetic compound characters can be grouped into three types. The first type is regular compound characters, in which a phonetic radical and a whole character share the same syllable, without considering tones, such as 请 (q[image: image]ng, “invite”) and 青 (q[image: image]ng, “green”). The second type is semi-regular compound characters, where a phonetic radical and a whole character share the same onset or rime, such as 忙 (máng, “busy”) and 亡 (wáng, “dead”), and 倩 (qiàn, “pretty”) and 青 (q[image: image]ng, “green”). The third type is irregular compounds: the pronunciations of a phonetic radical and a whole character are entirely different, as seen in 冯 (féng, “a surname”) and 马 (mǎ, “horse”). However, only about 35% of commonly used compound characters are regular (Li et al., 1992; Shu et al., 2003; Wan, 2005). Even so, native Chinese speakers (Tzeng et al., 1995; Chan and Nunes, 1998; Zhou and Marslen-Wilson, 1999a,b,c; Anderson et al., 2003; Ho et al., 2003; He et al., 2005; Lee et al., 2005; Cai et al., 2012; Yin and McBride, 2015; Tong et al., 2017; Li et al., 2018, 2020) and CSL learners (Williams, 2013; Tong and Yip, 2014; Wei et al., 2014; Tong et al., 2015; Liu et al., 2020) still rely on the phonetic radicals to extract character pronunciation.

Although Chinese characters are considered logographic or meaning-based, decoding the exact meaning of characters is also difficult. In the course of being used for thousands of years, the visual forms of Chinese characters have undergone change, and the meaning of most Chinese characters cannot be immediately inferred from their orthographic appearance. For instance, the simple character 目 (mù, “eye”) was written in the shape of an eye, [image: yes] or [image: yes], about 3,000 years ago when these characters were written on oracle bones, but the current rectangular form has lost its resemblance to an eye. Most compound characters contain a semantic component, called a semantic radical, but a semantic radical roughly indicates an approximate semantic category to which a character belongs. In the character 枫 (fēng, “maple tree”) for example, the semantic radical 木 (mù, “tree”) only suggests that 枫 may be semantically related to trees. Most characters containing the semantic radical 木, such as 村 (cūn, “village”), 杏 (xìng, “apricot”), 柏 (bǎi, “cypress”), or 框 (kuāng, “frame”), are associated with trees to some extent, but correctly guessing the exact meaning of a character in modern Chinese based on its semantic radical is difficult. However, Chinese children still use semantic radicals to derive character meaning in studies involving Pinyin-character mapping (Shu and Anderson, 1997), generating names for novel objects (Chan and Nunes, 1998), semantic category judgements (Ho et al., 1999), priming experiments (Zou et al., 2019), and eye-tracking experiments (Li et al., 2019). Some studies further found that the effect of semantic radicals in retrieving character meaning might interact with imageability and neighborhood density (Feldman and Siok, 1999; Li et al., 2020). Similarly, CSL learners rely on semantic radicals to extract unfamiliar character meaning (Taft and Chung, 1999; Lü et al., 2014; Nguyen et al., 2017) or to complete semantic categorization tasks (Williams, 2013) and lexical decision tasks (Williams and Bever, 2010), and their productive knowledge of semantic radicals uniquely predicted their performance in word reading (Su and Kim, 2014).

Based on these components of Chinese character recognition, three methods have been commonly utilized by researchers to measure Chinese learners' character recognition. The first method focuses on learners' performance in character pronunciation, that is, the phonological method1. The second method emphasizes learners' performance on character meaning, or the semantic method. The third method, known as the phonological and semantic (PS) method, concentrates on learners' performance in both character pronunciation and character meaning. Both similar and dissimilar results have been generated from these different methods; however, researchers have not reached a consensus about which method is optimal in measuring Chinese character recognition skills. This is an important practical issue for researchers studying native Chinese speakers and CSL learners because measuring character recognition skill is the basis for carrying out research on Chinese literacy skills. Considering the increasing importance of CSL learning (Ma et al., 2017; Gong et al., 2018, 2020a,b) and growing attention to the acquisition of characters by CSL learners (Li, 2020), such study is significant for theories concerning character acquisition and classroom instruction.



LITERATURE REVIEW


Measuring Chinese Character Recognition

Different models have been proposed for visual word recognition, such as the interactive-activation model (McClelland and Rumelhart, 1981), the dual-route cascaded model (Coltheart et al., 2001), the distributed representation triangle model (Plaut and Booth, 2000), and the lexical constituency model (LCM; Perfetti et al., 2005). Although these models hold different assumptions about the mechanisms underlying word recognition, a consensus has been reached about the interaction between orthographic, phonological, and semantic representations (Seidenberg and McClelland, 1989; Lupker, 2005), which can be also observed in models exploring Chinese character recognition for CSL learners (Tong et al., 2015) and native Chinese speakers (Yang et al., 2006, 2009; Chang et al., 2016b; Reichle and Yu, 2018). Of these models, the LCM has been well validated across alphabetic (e.g., English) and nonalphabetic (e.g., Chinese) writing systems (Perfetti and Liu, 2006). LCM assumes that a word representation consists of three interlinked constituents: orthography, phonology, and semantics, and “written word identification entails the retrieval of a phonological form and meaning information from a graphic form” (Perfetti et al., 2005, p. 46).

For evaluating participants' character recognition skills, researchers have measured these from three perspectives: phonology, semantics, and phonology plus semantics. There are three commonly used phonological methods. The first method is requiring participants to provide the pronunciation of a Chinese character by reading the character aloud, and this has been widely used with native Chinese speakers across the mainland China, Hong Kong, and Taiwan regions (Huang and Hanley, 1995; Ho and Bryant, 1997; McBride and Kail, 2002; McBride-Chang et al., 2003; Shu et al., 2008; Tong et al., 2009, 2011; Pan et al., 2011; Li et al., 2012; Wei et al., 2014), and with CSL learners (Wu et al., 2017). The second is asking the participants to write down the character pronunciation in Pinyin (the official romanization system for Chinese in mainland China). This method has been commonly observed in studies of CSL learners (Everson, 1998; Tseng et al., 2016; Gao, 2017; Hao, 2018). The third method is requiring participants to indicate character pronunciation using Zhuyin Fuhao (the official transliteration system for Chinese in Taiwan) and has been used mainly for Chinese children (Liao et al., 2008; Liao and Kuo, 2011) and CSL learners (Tseng et al., 2016) in Taiwan. Phonological methods are usually developed in-house and have not been standardized or validated, but some researchers have used a standardized test for character pronunciations, such as the Graded Chinese Character Recognition Test in Taiwan (Huang, 2001) and The Hong Kong Test of Specific Learning Disabilities in Reading and Writing (HKT-SpLD) (Ho et al., 2000).

The semantic method asks participants to provide the meaning of a character. Requiring Chinese-speaking children to form words or phrases using a target character (Wang and Tao, 1996) or asking CSL learners to translate characters into their L1 (Ke, 1996; Everson, 1998; Jiang, 2003) are some examples of semantic tasks. Semantic methods are used by some researchers to measure how many characters a person can recognize, and one particular character recognition test developed by Wang and Tao (1996) has been widely used in China.

A PS method elicits both the pronunciation and the meaning of a character. This type is mainly used in research exploring character recognition ability among Chinese-speaking children (Hung et al., 2008; Wen et al., 2015) or CSL learners (Ke, 1996; Jiang et al., 2006; Zhang et al., 2021).



Features of Three Measurement Methods of Character Recognition

Phonological methods have been popular for the following reasons. A majority of previous studies on Chinese character recognition have focused on character naming, so a phonological measurement would be ideal for such research. Also, phonological methods save time and effort, as it generally takes less than 5 min to read out 100 characters for Chinese children with normal cognitive development. Moreover, phonological methods are closely correlated with semantic methods requiring much more time, for both native Chinese speakers (Perfetti and Zhang, 1995; Perfetti and Tan, 1998; Myers et al., 2007) and CSL learners, in particular those who are from the non-Sinographosphere2 (Everson, 1998; Jiang, 2003). Evidence from neuropsychological studies have also shown that phonological and semantic processing of Chinese characters overlap in the left middle frontal gyrus, the left superior parietal lobule, and the left mid-fusiform gyrus (Wu et al., 2012). Therefore, considering the limited time and funding available to most researchers, phonological methods could be optimal for collecting data on character recognition.

In spite of the correlation and the overlaps between phonological methods and semantic methods, these two methods are distinct in several respects. They differ in the cognitive processes involved. Generally, accessing character pronunciation activates phonological representations of written characters, but questions eliciting meaning depend on the activation of semantic representations from orthographic and/or phonological features. Researchers have argued for the importance of phonological activation in semantic processing using different tasks, such as masked priming experiments (Tan et al., 1996), primed-naming experiments (Perfetti and Tan, 1998), and semantic judgement (Perfetti and Zhang, 1995). However, researchers have also found that the mediation of phonology in accessing a character's meaning might not be obligatory in Chinese speakers with normal cognitive skills in priming experiments (Zhou et al., 1999; Chou, 2000; Wu and Chen, 2000; Zhou and Marslen-Wilson, 2000; Chen and Shu, 2001) and eye-tracking paradigms (Tsai et al., 2012; Pan et al., 2016, 2021). Similar results were observed among Chinese-speaking aphasic patients (Han and Bi, 2009) and Kanji recognition in Japanese (Wydell et al., 1993; Sakuma et al., 1998; Chen et al., 2007), where phonological contribution to the activation of kanji meaning were found to be condition-specific. In addition, brain areas with separate activation for the phonological processing of characters (such as the posterior dorsal region of the inferior/middle frontal gyrus) and for semantic processing (such as the anterior ventral region of the middle frontal gyrus) have been reported (Booth et al., 2006; Wu et al., 2012). That is, phonological and semantic processing of characters might have specific, separate pathways to some extent.

Phonological methods might be easier than semantic methods in measuring character recognition. The first reason relates to the nature of phonological and semantic clues in Chinese characters, since, as mentioned, accessing the pronunciation and meaning of a simple character is difficult due to the insufficient phonological and semantic cues within the character. For a compound character, Shu et al. (2003) concluded that the effect size of a phonetic component on character reading (Ho and Bryant, 1997; Ho et al., 1999; Shu et al., 2000; Anderson et al., 2003) might be similar to that of a semantic component (Shu and Anderson, 1997; Ho et al., 1999). However, some research has reported that knowing character pronunciation without knowing the meaning might be more common than knowing character meaning without knowing the pronunciation, and that readers were more confident in knowing character pronunciation than in knowing character meaning (Myers et al., 2007). The overall results suggest that participants performed better with phonological methods than with semantic methods.

The second reason concerns the limited number of possible character pronunciations and the relatively wide yet imprecise range of character meanings (Perfetti and Tan, 1998). There are only approximately 1,200 possible syllables in modern standard Chinese, which correspond to thousands of characters with various meanings. Nearly 88.6% of 7,263 characters listed in the Xinhua Dictionary (1971) have only one pronunciation, but most characters, particularly high-frequency characters, have more than one meaning (Li and Kang, 1993). The character 张, for example, has one pronunciation, zhāng, and eight meanings in the Modern Chinese Dictionary (现代汉语词典) (2016). Although learners would not know all the semantic differences, recalling one from among its various meanings might be more difficult than naming one unique pronunciation. Unlike the limited number and stability of character pronunciation, the number of semantic items for a character is comparatively difficult to define because character meanings change quickly with the emergence of new words. For instance, the original meaning of 粉 (fěn) is powder, yet it has acquired the new meaning of fan (i.e., a follower of a celebrity) in recent years. The English word fans has been transliterated in Chinese as 粉丝 (fěnsī), and consequently 粉 has been used as a suffix to describe the fans of popular stars, although this meaning has not been listed in Chinese dictionaries.

The third reason is related to the context-independence of character pronunciation and context-dependence of character meaning. Across different writing systems, orthographic-phonological relationships are more reliable than orthographic-semantic relationships in word identification, and word pronunciation can be retrieved without context, yet word meaning is context-dependent (Perfetti and Zhang, 1995; Perfetti and Tan, 1998). Single-pronunciation characters, constituting the majority of modern characters, are mostly pronounced the same in meaningful or non-meaningful contexts. In contrast, character meanings are highly varied and ambiguous, and difficult to define in isolation. Taking 张 (zhāng) for example, its pronunciation is the same across different contexts, such as 张 (zhāng), 张开 (zhāngkāi), 一张纸 (yī zhāng zhǐ), 东张西望 (dōngzhāng xīwàng), but the meanings are entirely different: “open” in 张开, “a measure word for paper” in 一张纸, and “look” in 东张西望. Moreover, it is difficult to judge which meaning is dominant in various meanings of a character. Even in some characters with a limited number of meanings, it is still not easy for native Chinese speakers to describe their precise meanings in isolation (Perfetti and Tan, 1998). In fact, this phenomenon relates with homophony, whereby two or more words have the same pronunciation but distinct meanings, such as bark and watch in English. Homophony is universal across different languages, and the estimated rate of homophony ranges from 3% (e.g., in Dutch) to 15% (e.g., in Japanese; Rodd et al., 2002; Ke, 2006; Trott and Bergen, 2020). Although semantic ambiguity could facilitate lexical decision to some extent, a semantic ambiguity disadvantage could interfere with word naming or tasks requiring disambiguating the meaning of ambiguous word (Borowsky and Masson, 1996; Rodd et al., 2002, 2004). Therefore, the variability of character meanings and the semantic ambiguity disadvantage might make retrieving character meaning more difficult without a context.

In sum, phonological and semantic methods focus on the phonological and semantic aspects of character recognition, respectively, and these two different methods are correlated and yet independent to some extent. In contrast, the PS method measures a person's overall knowledge of phonological and semantic properties of characters. However, whether these different methods would yield different results is still not clear.



Measuring CSL Learners' Character Recognition

Due to the rapidly growing number of CSL learners around the world and the unique features of Chinese characters, increasing attention has been directed to CSL learners' character recognition. Chinese character acquisition has been commonly acknowledged as one of the main difficulties for CSL learners, in particular those from the non-Sinographosphere area (Allen, 2008). Measuring character recognition skills is crucial in exploring CSL learners' acquisition of Chinese characters. Different measurement methods have been utilized, and mixed results have emerged concerning the following research topics.

The first issue concerns CSL learners' comparative performance in different aspects of character recognition, particularly in character pronunciation and character meaning. Considering the complex relationship between orthography, phonology, and semantics in character recognition as discussed above, researchers have reported conflicting findings. Some studies have found that CSL learners performed better in character pronunciation than in character meaning. For instance, Li (2003) reported that both intermediate and advanced-level CSL learners in China performed better in character pronunciation than in character meaning. However, Jiang (2003) found that beginning CSL learners in China showed higher accuracy rates in character meaning than in character pronunciation. In contrast, Everson (1998) observed similar performance on these two tasks among elementary CSL learners in the United States. These inconsistent results suggest that it is still necessary to explore CSL learners' comparative achievement in character pronunciation and character meaning.

Another issue concerns the influence of individual differences on CSL learners' comparative performance in character pronunciation and character meaning, such as L2 Chinese proficiency and L1 background. It is generally accepted that CSL learners' character recognition skills improve along with their Chinese proficiency, which has been widely observed in previous research (Jiang, 2003; Li, 2003; Zhang et al., 2021).

The effect of L1 background on character acquisition refers to the phenomenon whereby CSL learners from the Sinographosphere region tend to perform better in character recognition than those from non-Sinographosphere areas. The Sinographosphere category includes CSL learners from Japan, South Korea, and Vietnam, where Chinese characters are or were commonly used in their written languages. In contrast, the non-Sinographosphere category includes CSL learners from other countries with no influence of Chinese characters on their writing systems, such as the United States, the United Kingdom, Russia, or European countries. For non-Sinographosphere learners, character learning poses a greater challenge due to the stronger orthographic contrasts between alphabetic writing systems in their L1s and the Chinese script (Chang et al., 2016a). On the other hand, CSL learners of the Sinographosphere demonstrate certain advantages in learning characters due to some shared orthographic and/or semantic features of Chinese characters in Chinese, Japanese (i.e., Kanji), and Korean (i.e., Hanja). For example, the Chinese character 剑 (jiàn, “sword”) appears as [image: yes] ([ken] or [tsurugi]) in Japanese and 劍 [geom] in Korean with the same meaning. Such aspects of L1 background is a crucial component of the Non-native Chinese Character Processing (NCCP) Model (Tong et al., 2015). The NCCP model includes a Chinese layer and an L1 layer, and the applicability of L1 word recognition features in Chinese character processing depends on the distance between the L1 and Chinese layers. The closer the two layers, the easier it would be to apply relevant strategies from the L1 to encode Chinese characters.

The effect of L1 background might interact with L2 Chinese proficiency in character acquisition. The achievement gap in character acquisition between Sinographosphere and non-Sinographosphere learners is assumed to decrease as CSL learners' L2 proficiency increases (Li, 2003; Zhang et al., 2021). However, it remains unclear whether the measurement method for character recognition interacts with L1 background and L2 proficiency, i.e., whether CSL learners' comparative performances in phonological, semantic, and PS methods vary across L1 background, L2 proficiency, or both. As discussed above, phonological methods are assumed to be easier than semantic methods and the PS method. However, the results summarized in Table 1 show mixed findings, as better performance in character pronunciation has not been consistently found among CSL learners with different L1 backgrounds and L2 proficiencies. Unfortunately, none of the studies in Table 1 carried out inferential statistical analysis to compare CSL learners' relative performances in these different methods. Therefore, this topic requires further exploration, which is addressed in the present study.


Table 1. Summary of CSL learners' performance in character pronunciation and meaning in previous studies.
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The third issue is the effect of Chinese character recognition on L2 proficiency. Similar to the significance of word recognition for alphabetic language proficiency, as in English, the crucial role of Chinese characters in the development of Chinese language proficiency has been widely accepted. In the literature on CSL reading, character recognition has been used as an index of CSL learners' overall Chinese proficiency (Jiang and Liu, 2004; Gao, 2017; Zhang, 2018). For example, depending on the phonological task, both Wu et al. (2017) and Zhang et al. (2020) found a significant correlation (r = 0.45 and r = 0.63, respectively) between CSL learners' performance in character recognition and their Chinese proficiency level. Using a PS task, Zhang et al. (2021) reported a similar correlation coefficient between character recognition and L2 Chinese proficiency (r = 0.58). However, these studies used various measures for character recognition; thus, whether character recognition measured with different methods would generate similar or dissimilar effects requires further exploration.




THE CURRENT STUDY

As described above, researchers have used different methods to measure Chinese character recognition, yet some research gaps remain. No study has explored the influence of certain measurement methods for character recognition on the research findings, such as the influence of L1 background and Chinese proficiency level on character recognition, and the relationship between character recognition and CSL proficiency. It is also still not clear whether the measurement methods influence the quality of Chinese character recognition tests, such as reliability, validity, and item quality. Therefore, the current study aimed to explore the following research questions.

RQ1: Does the quality (i.e., reliability, validity, and item quality) of Chinese character recognition tests differ across the phonological method, the semantic method, and the PS method?

RQ2: Do participants' performance in Chinese character recognition vary across the phonological method, the semantic method, and the PS method?

RQ3: Depending on individual differences of CSL learners in L1 background and L2 Chinese proficiency, does performance in Chinese character recognition differ across the phonological method, the semantic method, and the PS method?

RQ4: Does predictive Chinese character recognition in L2 Chinese proficiency differ across the phonological method, the semantic method, and the PS method?



METHODS


Participants

The data of the present study were selected from a large-scale study that created a valid and reliable Chinese character size test among 318 adult CSL learners in mainland China (Zhang et al., 2021). The demographic information of the participants is summarized in Table 2. In the present study, 162 adult participants3 were selected based on the completeness of their background information. Their educational backgrounds varied and included 30 majors ranging from Chinese literature to electronic engineering. Participants came from 34 countries, which were further divided into two groups (i.e., Sinographosphere and non-Sinographosphere groups) according to the writing systems of their L1s.


Table 2. Demographic information of participants.
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The participants' Chinese proficiency levels were categorized based on their HSK (Hanyu Shuiping Kaoshi, “Chinese proficiency test”) performance. HSK is a standardized Chinese proficiency test for foreigners and has been widely recognized worldwide. It has six levels, with Levels 1 and 2, Levels 3 and 4, and Levels 5 and 6 representing beginner, intermediate, and advanced proficiency levels, respectively (Peng et al., 2020). Similar to IELTS and TOEFL tests, HSK scores are valid for two years from the test date. The participants were categorized into three groups according to the highest HSK level they obtained within the past two years: Level 4 (N = 60), Level 5 (N = 66), and Level 6 (N = 36).



Instrument

The instrument was a Chinese character recognition test developed by the first author of this paper (see Appendix 1 for the full test), by selecting 100 Chinese characters from a pool of 3,000 characters listed in The Graded Chinese Syllables, Characters, and Words for Teaching Chinese to the Speakers of Other Languages (汉语国际教育用音节汉字词汇等级划分) (The State Language Affairs Commision, 2010), an official syllabus for CSL learners developed by the Confucius Institute Headquarters. The 3,000 characters in the syllabus were divided into beginning (n = 900), intermediate (n = 900) and advanced (n = 1,200) levels. The characters in each level were first ranked from high to low frequency and then further classified into 10 groups based on character frequency, with 300 characters in each group. The target characters were selected using stratified sampling method by further controlling the percentage of characters with single vs. multiple pronunciations, orthographic structure (e.g., top-bottom and left-right) and different degrees of phonetic regularity (e.g., regular, semiregular, and irregular). In addition, to further strengthen the representativeness of the test characters, the test characters from each group and the pooled characters in each group were comparable in the number of strokes, number of components, semantic concreteness, and morphological family size (i.e., the total number of multi-character words containing the same character in the official syllabus).

The final character recognition test included 30 beginning, 30 intermediate, and 40 advanced characters, with 95 single-pronunciation characters and five multiple-pronunciation characters. The 100 characters were printed on two pages from high to low frequency, which overlapped with character presentation according to difficulty level from easier to more difficult ones. The task involved asking the participants to write out the pronunciation in Pinyin and the meaning for a target character by forming words4 or translating to L1. The participants' performance in Chinese character recognition was measured via phonological, semantic, and PS method, respectively, whose scoring criteria were introduced below.


Phonological Method

The phonological method only focused on the participants' performance in character pronunciation. In scoring pronunciation, only the syllable onset and rime were considered, without considering tones. Tones were excluded for analysis mainly due to the difficulty of tone acquisition for CSL learners. For instance, Wu et al. (2006) administered a Pinyin writing task for target characters among 89 CSL learners and found that CSL learners' performance in onset and rime significantly improved along with their Chinese proficiency from beginner to intermediate level, yet their tone performance did not show such a similar growth pattern. In addition, excluding tones in scoring Chinese character recognition is commonly seen in studies involving CSL learners (Jiang, 2003; Jiang and Liu, 2004; Kim et al., 2016; Tseng et al., 2016; Kim and Shin, 2018; Xu and Maries, 2019). Tseng et al. (2016) further found that a non-tone scoring method could enhance the discrimination of test items and the validity of test results, and was more sensitive in measuring CSL learners' proficiency in character recognition. Therefore, the correct answer to the pronunciation of 你 (nǐ, “you”) could be nǐ (without a tone diacritic mark), nǐ (with the correct tone diacritic mark), or nì (with an incorrect tone diacritic mark). One point was assigned for a correct answer in pronunciation for characters with a single pronunciation or any correct answer for characters with multiple pronunciations, and zero points for an unanswered item or incorrect response. To minimize the influence of random guessing effect, scoring stopped if participants made 10 consecutive errors in pronunciation (Hung et al., 2008; Zhang and Roberts, 2019). The Cronbach alpha and McDonald's ω for the phonological method was 0.973 and 0.971, respectively.



Semantic Method

The semantic method only focused on the participants' performance in character meaning. The participants were encouraged to use Pinyin instead of writing in Chinese characters, because it usually takes too much time for CSL learners to write Chinese characters. In scoring the meaning, the answer was rated more holistically, and thus minor spelling or orthographic errors in Chinese characters, Pinyin, or L1 translation were ignored. Fifteen participants out of 162 participants responded to the meaning section in their L1s, such as Thai, Russian, or English, and advanced CSL learners speaking the same L1 were invited to mark these participants' responses, which was confirmed later by the first author in discussion with the graders. One point was assigned for a correct answer in meaning and zero points for unanswered items or incorrect responses; scoring stopped if participants made 10 consecutive errors in the semantic method. The Cronbach alpha and McDonald's ω for the semantic method was 0.972 and 0.971, respectively.



PS Method

The PS method concentrated on the participants' performance in both character pronunciation and character meaning. One point was assigned if the participants correctly responded to both the pronunciation and the meaning of the target character; otherwise, zero points were assigned. For characters with multiple pronunciations, one point was assigned only when the pronunciation and the meaning were matched. The scoring cutoff criterion in the phonological task and the semantic methods was also applied in the PS method. The Cronbach alpha and McDonald's ω for the PS method was 0.973 and 0.971, respectively.




Procedure

This study was approved by the ethics committee by the first author's university. An informed consent form presented in Chinese was given to the participants before the test, informing them of the aim and the tasks in the study. The character test was administered in paper-and-pencil form in a group setting. It took 10–30 min for participants to complete the character test, depending on their Chinese proficiency. The participants received a gratuity or a gift for their participation. The participants were required to fill in the background questionnaire after finishing the character test. After the character test, two raters were invited to score participants' performance in the three tasks, and the correlation coefficient between the two raters' responses was 0.98, indicating high inter-rater reliability.



Data Analysis

To answer RQ1 on the quality of character recognition test, testing analyses based on both Classical Test Theory (CTT) and the Rasch model were conducted across the three measurement methods. To answer RQ2 and RQ3, a series of ANOVA tests were carried out. Considering that the three measurement methods relied on different cognitive skills and were scored using different criteria, participants' raw scores in each measurement method were first transformed into z scores to ensure the comparability of the results yielded from the three methods. As for RQ4, a series of ordinal regression analyses were conducted to investigate how the prediction of Chinese character recognition in L2 Chinese proficiency differs across the three measurement methods, because the dependent variable of HSK level ranged from Level 4 to Level 6, and it was ordinal in nature.




RESULTS

The participants' performance data on the three methods are presented in Table 3.


Table 3. Participants' performance in measured variables.
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Testing Analysis for RQ1

The main CTT-based indexes for test quality include item difficulty, item discrimination, reliability, and validity (Table 4). The general rule-of-thumb for indicating a reliable measurement was 0.20–0.80 for item difficulty and 0.20 and above for item discrimination. For item difficulty, the test with the phonological method was the easiest, followed by the one with the semantic method, and the test with the PS method was the most difficult. For item discrimination (point biserial correlation), although the three tests showed similar statistics, the test with the phonological method had more items with low discrimination than the other two methods. In addition, the three methods were similar in reliability (i.e., Cronbach alpha coefficient) and validity (i.e., correlation coefficient between accuracy rate in each measurement method and HSK level).


Table 4. Summary of item difficulty and item discrimination of the three measures.
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One major shortcoming of CTT-based testing analysis is that the results are sample-dependent. Therefore, to overcome this limitation, the quality of character recognition tests using the three methods was further explored using a Rasch model via Winsteps software (Linacre, 2019). The quality of the test based on the Rasch model was analyzed according to person and item (Table 5). A unidimensionality analysis revealed that the three methods similarly pointed to the existence of one underlying measurement construct in character recognition, as seen in the percentage of explained variance. Next, person separation indicates the efficiency of a test in separating test-takers, and item separation indicates how well the test-takers are able to separate those items used in the test. A higher value for person separation or item separation points to a higher accuracy in measurement (Wright and Stone, 1999). It was found that the three tests were similar in person separation, person-level reliability and item-level reliability. However, the three methods differed in item separation, in which the value of the PS method was the highest, followed by that of the semantic method, and that of the phonological method was the lowest. Finally, the rule-of-thumb for interpreting parameter-level mean-square fit statistics was 0.50–1.5 as productive for measurement, and 1.5–2.0 as unproductive for measurement construction.5 Therefore, a character recognition test with the semantic method might be productive for measurement, and tests with the other two methods might be unproductive for measurement.


Table 5. Summary of the person separation and item separation values.
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ANOVA Tests for RQ2

As mentioned in the method section, the participants' performance in the PS method was dependent on those in the other two methods, which violated the assumption of ANOVA tests. To overcome this limitation, the participants were systematically divided into three groups by mainly controlling for the participants' background variables and Chinese language proficiency (Table 6). The three groups did not differ significantly from each other in accuracy rates for each of the three measurement methods. Thus, the three groups could be seen as paired and matched in Chinese recognition skills. The participants' performance in each of the three measurement methods was randomly selected from each of the three groups and used for ANOVA tests. In the final analysis, the accuracy rates in the phonological method from Group 1, the semantic method from Group 2 and the PS method from Group 3 were chosen for between-subjects ANOVA tests, with accuracy rate as the dependent variable and measurement method as the independent variable. The results showed that the main effect of the measurement method was not significant, and that the effect size was small: F(2, 159) = 1.48, η2 = 0.02, and ω2 = 0.01.


Table 6. Summary of the three randomly selected groups.
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ANOVA Tests for RQ3

To answer RQ3, a series of two-way ANOVA tests were carried out, with accuracy rate as the dependent variable and L1 background (Sinographosphere vs. non-Sinographosphere) and Chinese proficiency (HSK Level 4 vs. Level 5 vs. Level 6) as the independent variables. As seen in Table 7, the results of the two-way ANOVA tests were similar across the three measurement methods: the main effect of L1 background and the interaction effect between L1 background and HSK level on character recognition was insignificant, and the effect size was very similarly small (Cohen, 1988, 0–0.06 for small, 0.06–0.14 for medium, and a number >0.14 for large); the main effect of HSK level on character recognition was significant and the effect size was similarly large.


Table 7. Summary of ANOVA tests for each measurement method.
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Regression Analysis for RQ4

A set of ordinal regression tests were carried out to answer RQ4. L2 Chinese proficiency was used as the dependent variable due to following reasons. Although researchers have commonly regarded Chinese character recognition skill as an indicator of L2 Chinese proficiency (Zhang, 2018; Zhang et al., 2020), they used different tasks to measure character recognition and have not reached a consensus about which method could best tap character recognition skill. Also, Chinese character recognition skill is an integrated component of, but does not equate to, Chinese proficiency. According to theories concerning second language proficiency (Bachman, 1990; Hulstijn, 2012), Chinese proficiency represents an individual's global performance in various language elements (e.g., characters and grammar) and language skills (e.g., reading and listening). Recent research further found that using character recognition skill as a measure of L2 Chinese proficiency was less powerful than other comprehensive measures such as HSK test (Zhang et al., 2020). Therefore, it is reasonable to add L2 Chinese proficiency as the dependent variable predicted by Chinese character recognition.

The correlation matrix between the measured variables is presented in Table 8, where one can see that participants' standardized scores in the three measurement methods were highly correlated. However, since researchers have not reached a consensus on the optimal method to measure character recognition, and since the correlation coefficients varied across the Sinographosphere and non-Sinographosphere groups (Table 8), exploring the predictive power of these three methods in L2 Chinese proficiency could deepen our understanding of the impact of different methods on research findings across CSL learners with different L1 backgrounds. Therefore, three-step hierarchical regression tests were administered (Tables 9, 10). In the first step, a base model was created for the pooled participants, and the predictors included individual learner variables such as age, gender, and L1. A second-step model was created by adding years of CSL learning. In the third step, participants' accuracy rates in each of the three methods were added separately6. Similarly, a series of regression tests excluding L1 from the predictor variables were conducted in the Sinographosphere and the non-Sinographosphere group, respectively.


Table 8. Correlation matrix between measured variables.
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Table 9. Summary of results for ordinal regression tests.
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Table 10. Summary of the predictive power of three methods in Chinese language proficiency.
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Different types of pseudo R2 indices have been used in logistic regression, and [image: image] proposed by McFadden (1974) and [image: image] proposed by Cox and Snell (1989) are commonly recommended (Smith and McKenna, 2012). Therefore, these two pseudo R2 indices are presented here. The percentage of variance by HSK level explained by each measurement method was similar in each group7, and the effect sizes were small (Cohen, 1988; Hair et al., 2011). For [image: image] change, the percentage of variance explained by each method was 0.04–0.06 in the pooled group, 0.07–0.10 in the Sinographosphere group, and 0.02–0.05 in the non-Sinographosphere group. For [image: image] change, the percentage of variance explained by each method was 0.02–0.03 in the pooled group, 0.04–0.06 in the Sinographosphere group, and 0.01–0.02 in the non-Sinographosphere group. That is, the differences in the contributions of character recognition to L2 Chinese proficiency across the three methods were very small. Table 10 shows the predictive power of each method for L2 Chinese proficiency. It can be seen that, based on the odds ratio values, the most robust method of Chinese character recognition in predicting HSK level was the semantic method in the pooled group and the non-Sinographosphere group, and the phonological method in the Sinographosphere group.

Altogether, according to the AIC and BIC values (the smaller the better), and [image: image], [image: image] and the odds ratios (the larger the better), the semantic method seems to yield the best model fit in the pooled and non-Sinographosphere group, and the phonological method seems to generate the best model fit in the Sinographosphere group.




DISCUSSION

The present study explored whether three different measurement methods (phonological, semantic, and phonological plus semantic) for Chinese character recognition would lead to different results. The overall findings from 162 CSL learners' data revealed that these three methods produced both similarities and differences in results for Chinese character recognition. In terms of similarities, the participants' performance in character recognition was similar across the three measurement methods; the influence of L1 background and Chinese proficiency level on character recognition did not vary across the measurement type; and the contribution of character recognition to L2 Chinese proficiency as measured by each measurement method was similar. Yet some differences were found, in that the three methods differed in the quality of the character recognition test, and different methods yielded the best model and showed different predictions for L2 Chinese proficiency across different L1 backgrounds.


Similarities in Results of the Three Measurement Tasks

The similarities among the three measurement tasks for character recognition in this study need to be accounted for. The results for RQ2 suggest that the participants' performance in Chinese character recognition might be similar across the three methods. The results for RQ3 indicate that the three methods might have comparable power to differentiate CSL learners with variations in L1 background and HSK level. The results for RQ4 found that the percentage of variance in L2 Chinese proficiency explained by Chinese character recognition was similar across the three measurement methods, suggesting that each method might make a similar contribution to L2 Chinese proficiency. The overall results might be explained from both theoretical and pedagogical perspectives.

From a theoretical perspective, these results support the interconnection between orthographic, phonological, and semantic representations of word recognition (Seidenberg and McClelland, 1989; Plaut and Booth, 2000; Lupker, 2005; Perfetti et al., 2005) and Chinese character recognition (Chang et al., 2016b; Reichle and Yu, 2018) to some extent. The results might be also explained by the finding that that brain areas such as the left middle frontal gyrus, the left superior parietal lobule, and the left mid-fusiform gyrus are activated in both phonological and semantic processing of characters (Wu et al., 2012). That is, the phonological, semantic, and orthographic information might be activated in an interconnected manner during the process of Chinese character recognition for CSL learners, which further leads to the participants' comparable performance in the three measurement methods.

From a pedagogical perspective, the similarities in the three measurement methods may stem from how characters are introduced, taught, and tested among CSL learners. The orthography, pronunciation, and meaning of Chinese characters are almost always taught together to adult CSL learners. In CSL textbooks, a typical procedure for introducing new characters is first presenting orthographic forms, followed by pronunciation (sometimes pronunciations are written above the characters), and finally, meaning. In general, Chinese tests examine students' knowledge of character orthography, phonology, and meaning in a comprehensive manner by requiring students to provide pronunciations and meanings for target characters or to write characters based on given pronunciations and meanings. That is, CSL learners are trained to achieve balanced performance in orthography, phonology, and meaning. In addition, character recognition has been validated as a unidimensional psychological construct (Wen et al., 2016), suggesting that orthography, phonology, and meaning might be three interconnected components in recognizing Chinese characters.



Differences in Results of the Three Measurement Methods

The first difference relates to the quality of character recognition test, which differed across the three methods. The overall results of CTT- and Rasch-based testing analysis indicate that the semantic method could be considered an optimal one for generating a character recognition test with higher quality. One possible reason could be the difficulty of the three measurement methods. As discussed above, the difficulty of the semantic method falls between that of the phonological method and that of the PS method. However, the semantic method and the PS method were more similar in their results from the test analysis (Tables 4, 5). For instance, the two methods had a comparable number of items with low discrimination and a similar value in item separation. That is, the semantic method could enhance the quality of character recognition test to some extent, which might relate with the internal characteristics of Chinese characters, such as the relative difficulty of correctly retrieving character meaning from semantic radicals, and the context-dependence and semantic ambiguity of character meanings (Perfetti and Zhang, 1995; Perfetti and Tan, 1998; Myers et al., 2007). However, due to the limited sample size in the present study, more studies are needed to explore how the measurement method could influence the quality of character recognition tests.

The second difference concerns the different patterns found in the best model fits for L2 proficiency in the different L1 groups. The method that might yield the best model fits and the strongest prediction for L2 Chinese proficiency was the phonological method for the Sinographosphere group and the semantic method for the pooled group and non-Sinographospheric group. This suggests that L1 background might influence the relationship between the components of character recognition and L2 Chinese proficiency.

For Sinographosphere learners, the phonological aspect of character recognition might be crucial for their Chinese proficiency, arguably due to the great differences in character pronunciations between Chinese and their L1s. Japanese Kanji and Korean Hanja share more similarities with Chinese characters in meaning than in phonology (Daniels and Bright, 1996; Kuriya, 2004), as the pronunciations of Kanji8 and Hanja, which were borrowed from pre-modern Chinese languages, are very different from their modern Chinese pronunciations (Chen, 1999; Sun, 2006). The orthographic features of Chinese characters (i.e., simplified characters), Kanji (i.e., reformed characters within Japanese), and Hanja (i.e., traditional characters) are also still somewhat different, but the meanings of characters remain more similar or have changed more slowly than their orthography and pronunciation. In general, Sinographosphere learners already have some knowledge of character meanings in their L1s, due to exposure to Kanji or Hanja in daily life and/or explicit teaching of Kanji or Hanja in schools, so remembering the meanings of Chinese characters would be easier than recalling pronunciations for CSL learners from the Sinographosphere (Chen, 2001; Liu, 2013). As a result, their knowledge of Chinese character pronunciations could be the best predictor for Chinese proficiency.

In contrast, for non-Sinographosphere learners who have not been exposed to meaning-based Chinese characters before learning Chinese, knowledge of character meaning might be more important for their Chinese proficiency, owing to the internal characteristics of Chinese characters, such as the complexity and difficulty of character semantics compared to character pronunciation. The probability of guessing a correct or an approximate character pronunciation is higher than for predicting character meaning (Perfetti and Zhang, 1995; Perfetti and Tan, 1998; Myers et al., 2007), so meaning is more difficult to learn or master than pronunciation. Research has also found that semantic radical information that is opaque or unknown to learners tends to generate more errors in reading or identifying characters than other components (Peng, 1982). Therefore, probably because of these internal characteristics of the script, character meaning could be a more challenging yet crucial factor in learning than pronunciation. Also, for CSL learners who are experienced only with phonologically based L1 writing systems without any previous exposure to Chinese characters such as the non-Sinographosphere learners in this study, features by which Chinese characters can convey some hint of meaning would be more marked or outstanding than pronunciation cues (Yu and Bellassen, 2021). It is likely that the drastic contrast in writing systems between L1 and Chinese may draw CSL learners' more immediate attention to meaning than pronunciation. This explanation is in line with American CFL learners' bias for semantic strategies in lexical decision tasks (Williams and Bever, 2010).

The differences found in the Sinographosphere and non-Sinographosphere groups are consistent with the literature on L1 influence in L2 reading. It has been commonly found that L2 learners' performance in word recognition might be influenced by the characteristics of their L1s. For example, Chinese or Japanese ESL learners tend to depend on orthographic strategies in recognizing English words, yet ESL learners using alphabetic L1s are likely to rely on phonological strategies (Brown and Haynes, 1985; Wang et al., 2003; Koda, 2008; Zhao et al., 2017). Similar results were found for character recognition among CSL learners. Knowledge of character pronunciation highly correlated with knowledge of meaning among non-Sinographospheric learners, but not among Sinographosphere learners (Jiang, 2003). In addition, phonological awareness, rather than phonetic radical awareness, significantly predicted character reading and writing among English and Arabic CSL learners (Zhang and Roberts, 2019). These overall results point to the universal influence of L1 on L2 reading across L2 learners of different target languages.



Implications

To the best of our knowledge, this is the first empirical study to compare these three typical measurement methods of character recognition. The findings have theoretical and practical significance.

From a theoretical perspective, the current study provides evidence for some longstanding issues in literacy acquisition. The close correlations between the phonological, semantic, and PS methods, along with the similar contributions of each measurement method to L2 Chinese proficiency, might validate the close relationship between phonological and semantic processing in character recognition (Perfetti and Zhang, 1995; Perfetti and Tan, 1998; Zhou et al., 1999) and the interaction between phonology and meaning in word recognition (Seidenberg and McClelland, 1989; Plaut and Booth, 2000; Lupker, 2005).

Moreover, our findings can offer new insights into the role of L1 background in L2 literacy acquisition. The different patterns in the best model fits for the phonological and semantic methods for predicting Chinese proficiency across different L1 groups point to the effect of L1 orthographic background on the relationship between the different components of word recognition and L2 proficiency. This finding extends the influence of L1 background on L2 acquisition from individual components such as processing strategies in word recognition (Brown and Haynes, 1985; Wang et al., 2003; Koda, 2008; Zhao et al., 2017) to relationships between the components of lexical learning and holistic language proficiency. Therefore, further research on the effects of L1 influence on L2 learning is suggested, which might be helpful in providing a clearer picture of the role of L1 background in the process of acquiring an L2.

On a practical level, the results of the current study have two implications. The findings validate the interchangeability of the three methods in measuring character recognition to some extent, and provide empirical evidence for commonly used phonological methods in existing studies. This also has certain implications for using character recognition as an index of L2 Chinese proficiency for research purposes (Zhang, 2018; Zhang et al., 2020). Although the three measurement methods could be interchangeable in some cases, it is advised that the prime measurement of character recognition be selected according to the participants' L1 background. Based on the results of testing analysis and character acquisition in the present study, phonological tasks are recommended for Sinographosphere learners, and semantic tasks are recommended for non-Sinographosphere learners and participants with mixed L1 backgrounds.




CONCLUSION

The current study examined three different methods of measuring character recognition among 162 CSL learners. The results suggest that the three measurement methods could lead to both similar and differing results, and that selecting an appropriate method for character recognition abilities is important. This study has theoretical and practical significance for research involving CSL participants' Chinese character recognition. In addition, this study's findings can deepen our understanding of the relationship between phonology and semantics of Chinese characters, as well as the influence of L1 background on L2 acquisition, and provide clearer guidance on the preferred instruments for measuring Chinese character recognition in the future.

For future studies, the following two points can be considered for improvement. The current study was conducted in an L2 learning setting, where Chinese is the official, dominant language, not in a foreign language learning context. Thus, it is still not clear whether the findings of this study could be generalized to other groups, such as Chinese learners outside China or even L1 Chinese speakers. Also, the task of the current study was writing pronunciations in Pinyin and meanings of target characters in only short-answer question format. Other task types, such as a multiple-choice question format, verbal responses (e.g., reading aloud) or a cloze test, might yield dissimilar results.
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FOOTNOTES

1The terms of phonology and semantics are from Seidenberg and McClelland's word reading model based on the three components of words: orthography (spelling), phonology (pronunciation), and semantics (meaning; Seidenberg and McClelland, 1989).

2In this paper, Sinographosphere refers to the “Chinese character cultural sphere (汉字文化圈),” such as Korea, Japan, or Vietnam, following Handel (2019).

3Twenty-eight participants of 162 participants reported that they learned Chinese as a heritage language (CHL), but what they learned mainly focused on spoken Chinese, not written Chinese, and they spoke it mainly at home to communicate with their family members. Since this study focuses on Chinese characters and literacy skills, we included them in this study.

4Forming words or phrases using a target character is a commonly used method to measure participants' knowledge of Chinese character meanings. The meanings of some characters might not be translatable into CSL learners' L1, or some characters cannot be used as independent morphemes; for instance, neither character in 蝴蝶 (húdié, “butterfly”) can be used independently. Thus, forming words or phrases could provide a context where the meaning of a character could be determined. It is possible that CSL learners can form a word or phrase without knowing the meaning of a character, but this situation is commonly observed mostly among beginning CSL learners. Considering that the Chinese proficiency of the participants in the present study were intermediate and above, it is safe to assume that this method would not significantly skew the results.

5https://www.winsteps.com/winman/misfitdiagnosis.htm

6The participants' performance in the three method were not added to a single regression model, because the three variables were highly correlated. In the regression model [HSK level ~ age + gender + years of CSL learning + P (phonological method) + S (semantic method) + PS (phonological and semantic method)], where HSK level was considered a continuous variable, the VIF value of the P method, the S method, and the PS method was 9.75, 14.96, and 7.92, respectively, higher than the threshold value of 10, suggesting a high degree of multi-collinearity.

7The percentage of variance in Chinese proficiency explained by each assessment method was calculated by the value of [image: image] change or [image: image] change from the 2nd-step model to the 3rd-step model.

8Kanji have on and kun readings. The on reading is the original pronunciation of Chinese characters, while kun reading uses Japanese native words whose meaning are equivalent to Chinese characters.
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This study investigates the effects of visual mnemonics and the methods of presenting learning materials on learning visually similar characters for Chinese-as-second-language (CSL) learners. In supporting CSL learners to build robust orthographic representations in Chinese, addressing the challenges of visual similarity of characters (e.g., 理 and 埋) is an important issue. Based on prior research on perceptual learning, we tested three strategies that differ in the extent to which they promote interrelated attention to the form and meaning of characters: (1) Stroke Sequence, a form-emphasis strategy, (2) Key-images, a form + meaning strategy utilizing visual code, (3) Pithy Formulas with Key-images, a form + meaning strategy combining visual and verbal codes. A pretest–posttest equivalent-group design was adopted. The independent variables were the learning strategy, the method of presenting character pairs (visually similar vs. dissimilar), and testing time. The dependent variables were learners’ proportions of accurate responses to reading and writing Chinese characters through a posttest (immediately performed after learning) and a delayed posttest (1 week after learning); a learner experience survey was also administered to investigate learners’ opinions on each strategy. Sixty-six non-beginning learners of Chinese participated; they were randomly assigned to one of the two groups in which participants learned ten characters via the three strategies, respectively, differing between whether the characters were presented in similar pairs or dissimilar pairs. Data were analyzed via three-way ANCOVAs. The Pithy Formulas with Key-images and the Key-images generally yielded higher writing accuracy than Stroke Sequence immediately after learning. Notably, the advantage of the Pithy Formulas with Key-images (verbal and visual) over the Key-images (visual) on writing was specific to the participants that learned with visually similar pairs rather than those that learned with dissimilar pairs. All strategies were effective for reading, yet learners’ experience ratings favored the two form + meaning strategies over the strategy that focused primarily on form. Suggestions for future research and pedagogical implications on learning visually similar characters were offered.

Keywords: Chinese-as-second/foreign-language (CSL/CFL) learning, Chinese orthographic learning, material presentation, visual mnemonics, visually similar characters


INTRODUCTION

Chinese writing contains the most complicated graphs in the world (Chang et al., 2018), raising the difficulty in character learning. The various combinations of multi-layered orthographic units of Chinese graphs (e.g., strokes, radicals, characters, and structures) conspire to present significant challenges to Chinese-as-second/foreign-language (CSL/CFL) learners (DeFrancis, 1989; Perfetti et al., 2005; Shen, 2005, 2013). CSL/CFL learners often regard Chinese as the most difficult language to learn (Yu, 2012). To become a skilled reader of Chinese, however, the learners are expected to master 3,000 frequent characters (Ma et al., 2017) to achieve automatic recognition and proficiency in character writing. In accumulating character learning up to the thousands range, it is inevitable that the learners would encounter visually similar characters, which look alike orthographically (Perfetti, 1999).

Prior research has defined visual similarity as the degree to which orthographic features of Chinese characters overlap (cf. Yeh et al., 1997; Yeh and Li, 2002; Liu et al., 2011). Specifically, a feature-based similarity analysis revealed that two characters with the same structure, one common radical, and stroke discrepancies in other radicals represent a highly visually similar pair (Yeh and Li, 2002). For instance, the forms of 埋 and 理 seem to be almost the same at the first glance. However, 埋 (mái), consisting of the components 土 and 里, means “to bury,” whereas 理 (li), consisting of 王 and 里, refers to “management.” Such visual similarity has accounted for 75% errors in 4,100 incorrectly written characters in a computational linguistics study (Liu et al., 2009). Indeed, interference from the visual similarity to character learning is also evident in writing errors made by CSL/CFL learners (e.g., Teng et al., 2008; Qin, 2014; Gan, 2020). In a larger analysis on 4,305 written responses from 144 CSL learners with different Chinese proficiencies (Teng et al., 2008), errors at the stroke level were found to account for the most variance in accuracy rate; among the variance of stroke errors, over 50% belong to the omission and addition error type. Moreover, the omission and addition errors were found to be the most common error types in a systematic analysis on beginning-to-intermediate CFL learners’ writing errors in workbooks collected over the span of 1 year (Gan, 2020). The results of the studies mentioned above on writing errors may reflect that visual similarity of characters creates a huge learning hurdle for CSL/CFL learners.

Based on learning theories investigating how learners perceive, process, and maintain knowledge in learning, Chou (2009a) suggested that both objective and subjective factors may influence learning. The objective factors include, but are not limited to, learning targets (e.g., visually similar characters), learning strategies, and methods of presenting learning materials. The subjective factors consist of motivational and affective aspects (e.g., enjoyment in using strategies, the usefulness of strategies, the ease of using strategies, and learners’ willingness to use strategies in the future). Chou (2009b) proposed that “learning by visual mnemonics” is the most effective strategy for learning visually similar characters. However, scientific examination on these proposals remains scarce. To date, there have been no empirical investigations performed with the aim of supporting CSL/CFL learners to overcome the hurdles of distinguishing visually similar characters. Further research is necessary, as the first languages of the majority of these learners do not contain such complex orthography.

To fill this gap, this study developed visual mnemonics that differ in the extent to which they promote interrelated attention to the form and meaning of Chinese characters. These mnemonics were developed based on the dual-coding theory, which postulates that information coded in both verbal and visual codes has additive effects on memory (Paivio, 1986), and the Elaboration theory, which proposes that learning materials should be organized from simple to complex and further into meaningful context (Reigeluth, 1999), to facilitate complex compound learning. We sought to elucidate how different strategies and methods of presenting characters may influence the reading and writing of CSL/CFL learners with basic knowledge of Chinese in terms of mastering visually similar characters.

In what follows, we introduce the difficulties of learning Chinese characters (1.1), empirical research on the learning of visually similar graphs across writing systems and within the Chinese writing system (1.2), learning strategies and the use of visual mnemonics in supporting character learning (1.3), and the present study (1.4).


The Difficulties of Learning Chinese Characters

The Chinese writing system is logographic in nature, given that its written symbols represent lexical morphemes instead of individual phonemes (Perfetti and Dunlap, 2008). Learning to read involves interconnections among three lexical constituents – form (orthography), sound (phonology), and meaning (semantics), based on the Lexical Constituency Model (Perfetti et al., 2005). Such interconnections are complex for Chinese characters because a syllable (sound) is associated with many different morphemes (meaning) and different characters (form). On average, one syllable is shared by eleven characters with different meanings (Language and Teaching Institute of Beijing Linguistic College, 1986). Given this characteristic of the form-sound correspondence, using the sound to mediate the link between meaning and form is difficult when learning to read Chinese (Perfetti et al., 2005; Shen, 2005, 2013).

However, decoding (e.g., recognizing characters) and comprehension are both critical skills in learning to read (Hoover and Gough, 1990). This simple view of reading is a profound notion in Chinese-as-first-language (L1) studies (e.g., Ho et al., 2012) and second language research (e.g., Verhoeven and van Leeuwe, 2012). Based on this view, mastering Chinese characters, measured by automatic reading and proficiency in writing, lays a foundation and pervades subsequent learning of the Chinese language. Nevertheless, the task of learning characters is difficult because there are tens of strokes, hundreds of radicals/components, various structures/positions, and thousands of characters to be memorized (Chen et al., 2011; Wang, 2011; Ma et al., 2017). Thus, supporting learners of Chinese to develop robust orthographic representations in reading and writing characters is important (Koedinger et al., 2012).

To overcome the difficulties of learning Chinese characters, developmental research on CSL/CFL learners’ orthographic awareness has shown that learners’ sensitivity to components with different functions (e.g., semantic or phonetic) may help them to learn characters (e.g., Leck et al., 1995; Shen, 2005, 2013; Shen and Ke, 2007; Kuo et al., 2015). For instance, Kuo et al. (2015) reported that CSL learners with a novice-intermediate proficiency level of ACTFL (American Council on the Teaching of Foreign Languages, 2012) in reading and writing Chinese can decode compound characters into informative semantic components, showing radical awareness during novel character learning. The compound characters, which are usually semantic-phonetic compounds with one semantic radical signifying the meaning and the other radicals suggesting the sound of the compound, account for 90% of Chinese characters (Shen, 2005). Moreover, for compound characters, meaning cues from the semantic radicals are relatively more reliable than the pronunciation cues from the phonetic radicals (Ho et al., 2003). For instance, in 6,097 characters (Chen et al., 2011), there are 260 characters with the semantic radical “扌.” In these 260 characters, 248 characters are related to the meaning of “hand” or “motion”; the transparency of semantic radical “扌” is 95% (248/260). On the contrary, the accuracy of the pronunciation of an ideophonetic compound character from its phonetic radical is approximately 40% (Shu et al., 2003). These analyses were in line with CSL/CFL research, suggesting that learners with intermediate-high proficiency predominantly use semantic radicals, over phonetic radicals, in learning compound characters (Taft and Chung, 1999; Williams, 2013).

Taken together, within the complex interconnections among forms, sound, and meanings of characters, forms link more reliably to meaning-bearing morphemes (Perfetti et al., 2005). Given this relatively reliable association, this study aims to investigate the plausibility of strengthening the form-meaning links to help CSL/CFL learners overcome the hurdles described above and more effectively differentiate between visually similar characters, which are further described in the next section.



Empirical Research Within and Across Writing Systems on the Learning of Visually Similar Graphs

Visual similarity of graphs may influence the development of high-quality orthographic representations (Perfetti, 2007), thus contributing to difficulty in learning to read within (Hirshorn and Harris, 2022) and across different writing systems (Chang et al., 2018). Although the number of graphs in alphabets (i.e., single letters or letter combinations), typically ranging from 20 to 45 (Verhoeven and Perfetti, 2021), is much lower than Chinese, visual similarity among alphabetic letters plays a prominent role in the initial stage of learning to read: the perceptual learning of graph forms.

Gibson’s (1969) theory of perceptual learning, investigating over 70 years of studies with participants of all ages (for review, see Adolph and Kretch, 2015), asserts that learning to read is fundamentally learning to detect features that specify different graphs through higher order relations (Gibson and Levin, 1975; Gibson, 1991). To examine the higher-order relations, a series of studies manipulated the methods of presenting English letters as learning materials (e.g., Samuels, 1969; Williams and Ackerman, 1971), including appearance of letters (visually similar or dissimilar letter pairs; i.e., b/d vs. b/s) and the method of presentation (simultaneously or successively). With 88 first graders as participants, Williams and Ackerman, 1971 showed that presenting highly similar letters simultaneously led to the worst outcomes. Contrary to the findings, Samuels (1969) recruited 60 kindergarteners and randomly assigned them to two groups (simultaneous vs. successive). Using highly similar letters as materials, Samuels (1969) reported that the simultaneous group outperformed the successive group in discriminating and identifying the correct letter forms. While findings in English research are mixed, these studies at least suggested that the method of presenting learning materials matters.

Scientific studies on learning visually similar Chinese characters are scarce and rarely focus on how methods of presenting characters influence learners’ reading and writing. To the best of our knowledge, only two journal articles have adopted rigorous pretests and posttests between subject research designs and reported comparisons on learners’ performance in learning visually similar and dissimilar characters (Lin, 1997, 1998). In both studies, characters were taught either by visual similarity or visual dissimilarity. Learning performance was measured via recognition and writing tasks. Findings revealed that first graders with high or mid-range achievement of Chinese benefited more from presenting characters with visual dissimilarity (Lin, 1997). However, for students with low Chinese achievement, presenting characters with similarity yielded better writing than presenting characters with dissimilarity (Lin, 1998). No presentation difference was found in recognition. Although these studies showed that methods of presenting learning materials affect reading and writing, such findings came from L1 first graders with low Chinese achievement, and the effects of material presentation for CSL/CFL learners remain unclear. The present study aims to bridge this gap by adopting a rigorous pretest–posttest equivalent-group design with non-beginning learners of Chinese.

Meanwhile, visual similarity between characters caused by stroke discrepancies represents a significant challenge of orthographic learning for learners who have acquired basic knowledge of Chinese characters, including L1 learners. Chou (2009a) reviewed 94 journal papers on L1 learners’ character writing errors and also concluded that additive or substrative stroke is one of the main reasons for writing errors. These errors may keep recurring, resulting in further confusion in distinguishing visually similar characters from one another if the learners are not made aware of the differences in strokes via explicit instructions. Therefore, Chou (2009a) integrated perspectives from learning theories and Grammatology, proposing seven guidelines for teaching visually similar characters (e.g., learning characters by visual mnemonics, such as images, memorizing characters by pithy formulas, and reviewing characters by characters in a group). However, whether these guidelines have empirical implications for CSL/CFL learners’ learning visually similar characters remains to be investigated. Therefore, this study attempts to shed light on the beneficial effects of incorporating visual mnemonics in CSL/CFL character learning.



Using Visual Mnemonics as a Learning Strategy to Support Learning for Chinese-as-Second/Foreign-Language Learners

Visual mnemonics provide a learning strategy to strengthen memory traces of orthographic and semantic constituents, in acknowledging the relatively reliable connection between form and meaning in Chinese characters. A visual mnemonic is a learning technique used to aid the association of the to-be-memorized information (e.g., forms and meanings) with mediators (e.g., imagery to represent meaning), which are more accessible to provide better retention and retrieval for learners. The power of mnemonics has been widely acknowledged in language education (for reviews, see Levin, 1993; Mohammad and Ketabi, 2011), even in Chinese (e.g., Kuo and Hooper, 2004; Shen, 2010; Wang, 2014; Packard, 2017). For instance, Chou (2009b) advocated that “vocabulary by visual mnemonics” works the best among her guidelines (Chou, 2009a) for teaching visually similar characters.

By leveraging visual mnemonics and characteristics of Chinese orthography, Chen et al. (2012) put forward a three-stage character-based instructional (TCI) framework to support character learning. The TCI framework is orthography oriented; given the different orthographic features of characters, learning can be facilitated with different strategies. The strategies are broadly categorized into three stages: (1) logographic character learning with Key-images, (2) component-deriving character learning with characters in a group, and (3) complex character learning with Pithy Formulas and Key-images. The effectiveness of the TCI, especially the Key-images for learning logographic characters, has been demonstrated in laboratories (e.g., Chen et al., 2013; Chang et al., 2019) and classrooms (e.g., Lin et al., 2021; Tsai et al., 2021) in recent years. However, the effects of Key-images on learning compound characters and the effects of combining Pithy Formulas with Key-images on learning visually similar characters remain to be investigated.

Key-images and Pithy Formulas are developed based on cognitive theories, namely the dual-coding theory (Paivio, 1986, 1990, 2006) and the elaboration theory (Reigeluth, 1999). The dual-coding theory postulates that human learning operates with two subsystems (or “codes”) of mental representation: verbal and non-verbal (i.e., visual). The visual code refers to mental imagery of learning targets, and the verbal code indicates linguistic features, which help learners to comprehend the meaning of targets; although functioning independently, these two codes can have synergic effects on recall (for reviews, see Clark and Paivio, 1991). For the visual code, Key-images in the TCI (Chen et al., 2012) are visual imagery deliberately designed to bind an image of form with an image of target learning materials, thus promoting learners’ attention to form + meaning to characters. That is, a Key-image is designed to be both visually like the form of a character and highly associable to its meaning. Such design has been applied to 445 logographic characters, available in CSL/CFL textbooks (Chen and Lin, 2015a,b; Chen et al., 2021). As for the verbal code, pithy formulas are brief sentences but full of information about the learning target. Take the character “碧” for example, it can be decomposed into components “王, 白, and 石.” The pithy formula for “碧 (jade)” would be “‘王(Wang)’先生和‘白(Bai)’小姐坐在‘石(rock)’頭上” (Mr. Wang and Miss Bai are sitting on a rock.).

The “碧” example is also an instantiation of elaboration, a strategy to organize learning content into meaningful context, helping learners to construct knowledge in their minds (Reigeluth and Stein, 1983; Reigeluth, 1999). The Pithy Formulas in the TCI (Chen et al., 2012) is more informative than the previous one. For instance, the character “評” can be decomposed into components “言” and “平”; its Pithy formulas are “The judges should say (言) fair (平) evaluations (評) to the athletes.” In this case, not only are the meaning of each component and their compositions mentioned, but the meaning of the whole character is explicitly shown. That is, such verbal code elaborates the part-whole relationship in components characters (Nguyen et al., 2017). Moreover, in combining Pithy Formulas (verbal code) and Key-images (visual code), the synergic effects of dual codes may enhance memory consolidation and further stabilize form-meaning association in the learning of visually similar characters. These effects merit further investigations.

In accumulating character learning experiences, adult CSL/CFL learners may adopt various learning strategies (e.g., Ke, 1998; Shen, 2005; Winke and Abbuhl, 2007; Lam, 2011; Sung, 2012). In a comprehensive investigation with a semi-structured survey and open-ended questions to CSL learners at different levels, Shen (2005) identified 59 character-learning strategies and reported that the most commonly used one is the orthographic-knowledge-based strategy. The author interpreted this finding based on the logographic nature of Chinese (i.e., the various orthographic features and the absence of reliable form-sound correspondence); the former may encourage form-emphasis strategies (e.g., focusing on stroke sequence), and the latter may make use of form + meaning association strategies. Stroke sequence, a form-emphasis strategy, presents how a character is composed by strokes. Stroke sequence is a commonly used strategy perhaps because students usually see stroke sequence in textbooks along with character copying or writing exercises (Jin, 2006). In some discussions on whether reading depends on writing (Tan et al., 2005) or not (Bi et al., 2009), stroke sequence as a learning strategy for supporting orthographic learning is often mentioned because it probes the relationship between reading and writing (Xu et al., 2013). However, although this rote strategy is frequently used in Chinese language instruction, CSL learners often see the process as uninteresting, and, thus, they hope for a “pen-less” experience (Xu and Jen, 2005). Taken together with the previously reviewed learning strategies, the present study investigates the effects of form emphasis (e.g., Stroke Sequence) and form + meaning congruence (e.g., Pithy Formulas and Key-images), with a consideration on learners’ affective opinions on each strategy.



The Present Study

Prior to the present work, previous studies had been performed (Chang et al., 2019; Lin et al., 2021) with Key-images in learning logographic characters for adult beginning learners of Chinese, but there is a lack of empirical studies done with CSL/CFL learners with a novice-intermediate proficiency level. Therefore, we implemented a pretest–posttest laboratory learning experiment, making this study the first attempt to apply Key-images to learning visually similar characters and the first to explore the degree to which the method of presentation may influence learning visually similar characters for non-beginning learners of Chinese.

The purpose of this study was to examine effects of three learning strategies (Pithy Formulas with Key-images, Key-images, and Stroke Sequence) and two methods of presenting learning materials (visually similar pairs and dissimilar pairs) in reading and writing visually similar characters for non-beginning CSL learners. Based on the literature review, we asked the following research questions:


(1)What are the effects of learning strategies (Pithy Formulas with Key-images, Key-images, and Stroke Sequence) on learning to read and write visually similar characters?

(2)What are the effects of presenting materials (similar vs. dissimilar pairs) on learning to read and write visually similar characters?

(3)Is there an interaction between the three learning strategies and two methods of presentation in reading and writing visually similar characters over time (immediately after learning and 1 week after learning)?

(4)How do CSL learners perceive their learning experience with these strategies in terms of enjoyment, usefulness, ease of use, and willingness to use in the future?






MATERIALS AND METHODS


Design

A 3 (learning strategy)- × -2 (method of material presentation)- × -2 (testing time) mixed design was carried out with learning strategies (Pithy Formulas with Key-images, Key-images, and Stroke Sequence) and testing time (immediate posttest and delayed posttest) as two within-subject variables; the method of presentation (similar and dissimilar groups) as a between-subject variable. The dependent variables were the accuracy of character recognition and writing, with additional measures of learner experience ratings on the three learning strategies.



Participants

We determined a sample size of 66 by conducting a priori power analysis for sample size estimation using G*Power 3 (Faul et al., 2009) for an F-test at a 5% type one error level, 80% power, and Cohen’s f = 0.4 effect size, as assessed by a pilot study. We followed the methodology implemented in Chang et al. (2019), and we interviewed the participants in the pilot to determine the presentation duration, ensuring our participants had sufficient time to absorb the content. The 66 participants (26 females) were students who studied Chinese in Taiwan. They studied traditional characters and reported that they had been using Hanyu Pinyin, a phonetic transcription system of spoken Mandarin Chinese. Their ages ranged from 18 to 43 years old (M = 28, SD = 7.12). Twenty-two of them came from the United States, 22 from Europe, and 22 from Asia. They reported the following background information, as assessed by a language history questionnaire (Tokowicz et al., 2004): (1) have an above-A2 level of Chinese according to the Common European Framework of Reference for Languages (CEFR), (2) have lived in Taiwan for more than 3 months, (3) right-handed, (4) have normal or corrected-to-normal vision, (5) have normal hearing, and (6) have no history of having any learning disorders. They received monetary compensation for their participation. This study was approved by the Institutional Review Board (IRB) of a university in northern Taiwan.



Stimuli

Thirty traditional Chinese characters were selected from the Chinese Orthography Database (Chen et al., 2011). Given that visually similar characters were of the focus in this study, these 30 characters were selected based on the following considerations: (1) all are compound characters; (2) all composing components have corresponding Key-images; (3) the visually similar pairs belong to the type of additional-or-subtractive strokes to enhance visual similarity. For each similar pair, the characters were matched by the following properties: (1) structure (left-right, or top-down), (2) number of components (M = 2), (3) number of strokes (M = 11) and the difference of stroke counts within a pair all below 3, and (4) frequency of English translations (Brysbaert and New, 2009). As for how these characters were paired together, in the similar group, two visually similar characters were always in a pair, whereas in the dissimilar group, two visually similar characters were never paired with each other. For a careful design, in the dissimilar group, we ensured that no identical radical was shared by the two characters in each pair, and we minimized the difference in stroke counts within each pair (M =1.60, SD = 1.40).

Table 1 provides a sample organization of the learning materials in terms of their similar/dissimilar presentations; Appendix 1 (see Supplementary Material) illustrates how these materials are presented in the form of Pithy Formulas with Key-images.


TABLE 1. Pairs of learning materials (30 characters; 15 pairs in each group) between both groups (i.e., similar vs. dissimilar groups).
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Measurement

The learning measures included a character writing task assessing productive form representation and two recognition tasks assessing form-meaning (Chinese to English) and meaning-form connections (English to Chinese), respectively. In addition to the learning measures, a learner experience survey based on prior research (Chang et al., 2019) was given to assess the participants’ attitudes toward each given strategy. These measures are described below; instructions to participants and examples for each learning measure are provided in Appendix 2 (see Supplementary Material).


Character Writing

The writing task asked the participants to write a character from memory based on a given prompt of English words. They were encouraged to try their best in completing the task by being promised partial credit for their responses. Responses were scored by two schemes – an all-or-none scheme (character scoring) and a continuous scheme (stroke scoring). Stroke scoring is a partial-credit-given scheme; the score of a character is a proportion of correct strokes produced (i.e., the denominator is the character’s total number of strokes, and the numerator is the number of correct strokes in the written response). In contrast, character scoring is a strict scheme in which credit (Score 1) is given only for an exact reproduction of the whole character, while all other responses are scored 0. Scores from these two schemes may reflect the extent to which learners can recall and reproduce the character forms. Previous studies supported the higher sensitivity of using stroke scoring relative to character scoring (e.g., Chang et al., 2014, 2019) to assess the degree of correctness of learners’ orthographic representation. For instance, consider the scores for the character meaning “evaluation” (評). The written response 訐 would be scored 0 in character scoring while coded as 83.33% (10/12) in stroke scoring.

Given that partial-credit-given scoring might involve different judgments on each correctly placed stroke, one researcher scored the entire set of written responses and a second researcher independently scored one-third of the responses. These responses were selected by stratified sampling, i.e., from the pre-test, the immediate posttest, and the delayed posttest; one third of the written responses were randomly sampled. Pearson product moment correlation was performed on the cases scored by the two researchers. Inter-rater reliability in stroke scoring was 99.%, and inter-rater reliability in character scoring was 100%.



Character Recognition (Chinese to English and English to Chinese)

The recognition task included two subtasks: Chinese to English and English to Chinese, and a computerized multiple-choice format was adopted for both subtasks. For the Chinese-to-English recognition task, thirty characters were presented in a random order on a screen. For each Chinese character, four meanings (in English) were presented, including the correct meaning and three distractor meanings that had been paired with different characters from the same block. The participants were instructed to choose the correct meaning and then proceeded at their own paces. For the English-to-Chinese recognition task, it was particularly designed to assess the participants’ orthographic representation of visually similar characters, i.e., the ability to differentiate one character from its visually similar counterpart. This task reversed the direction of recognition by showing English words (in a random sequence) and asking the participants to choose the corresponding character. Each English word had four candidates, including the correct character, the character that was visually similar to the correct one, and two other characters that had been paired with different meanings from the same block. For both tasks, the accuracy rate was calculated by dividing each participant’s correctly responded items by the total number of items (i.e., 30) and multiplying the result by 100.



Learner Experience Measures

The learner experience ratings assessed the participants’ opinions of each learning strategy in four aspects: the level of enjoyment in using the strategy, the usefulness of the strategy, the ease of using the strategy, and their willingness to use the strategy in the future. These aspects were based on the Technology Acceptance Model (Davis, 1989), the most widely used framework for predicting an individual’s likelihood to accept new technology. We switched the idea of technology to learning strategy in this study, given that all learning was carried out with computers, and we believe that it is promising to combine the most accepted strategy with technology in our next project.

The participants’ responses were made on a seven-point Likert-type scale (1 = absolutely negative, to 7 = absolutely positive). There were twelve questions in total, four questions for each strategy, and the following are examples of questions regarding use of the Key-images strategy.

(1) Enjoyment of use: Please rate, from 1 to 7 (least to most), how much you enjoyed using the Key-images to learn Chinese characters.

(2) Usefulness: Please rate, from 1 to 7 (least to most), how useful you found the Key-images to learn Chinese characters.

(3) Ease of use: Please rate, from 1 to 7 (least to most), how easy you found the Key-images to learn Chinese characters.

(4) Willingness to use: Please rate, from 1 to 7 (least to most), how likely you feel you would use the Key-images to learn Chinese characters in the future.

In this study, Cronbach’s Alpha was used to test the internal consistency of the measures. The coefficient was 0.73, indicating reasonable reliability (De Vellis, 2003).




Procedure

The procedure of the study consisted of a pretest, a learning session, a posttest (immediately after learning), and a delayed posttest (1 week after learning). All were administrated in a one-on-one fashion in an experimental lab with assistance from trained researchers specialized in teaching Chinese as a second language. Additionally, all learning measures were introduced with a practice example to make sure that the participants understood the instructions of the tasks.

Before the learning session, each participant was asked to complete the pretest as described in the measurement; all pretests shared the same form as used in the posttest and the delayed posttest. Next, the participants were randomly assigned to either the group that learned with similar pairs (the similar group), or the group that learned with dissimilar pairs (the dissimilar group). Both groups learned the same 30 characters (in pairs), while the similar group encountered 15 pairs composed of visually similar characters, and the dissimilar group encountered 15 pairs, consisting of visually dissimilar characters.

For the learning session, there were 3 blocks; a Latin square design was adopted to balance the order of the strategy and the order of the pairs. In each block, the participant used one strategy to learn 5 pairs; within each block, the sequence of pairs was randomized. Thus, all the participants experienced all three strategies in learning different character pairs (30 characters in total). Table 2 shows the Latin square design and the schedule for these participants. The numbers represent the participants’ ID.


TABLE 2. An experiment schedule and Latin square design used for balancing the order of learning strategies.
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Pretest

A character writing task and two recognition tasks were administered to assess individual participants’ prior knowledge of the target characters. For participation eligibility, only when the participants wrote no more than three characters out of 30 characters in the character writing task could they proceed to the recognition tasks. Nine participants were excluded due to their writing accuracy rates being higher than 10%. This criterion was set by consulting prior research (Chang et al., 2014), while all accuracy rates in the pretests, including writing and recognition, were collected to track the participants’ learning trajectories compared with immediate and delayed post-tests. Table 3 shows the descriptive statistics (means and standard deviations) of all pretests.


TABLE 3. Descriptive statistics (M, standard deviation, and the adjusted M) of the two groups for all learning measures over time (N = 66).
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Learning Session

To enhance the internal validity of this study, the participants were randomly assigned to one of the two groups. The participants learned a pair on individual computers, displayed by PowerPoint software (Microsoft Office, 2019). The participants were instructed to refrain from any hand movement and to focus on learning materials on the screen without auditory input; they were informed that the display was completely controlled by the computer program with the assistance of the administer.

The learning trial for each pair was divided into an observation phase and a study phase. Figure 1 illustrates the trial for each strategy; each trial lasted 30 s and the trial repeated for three times before moving on to the next pair, leading to a 90-s learning duration for each pair. The entire learning session for 15 pairs, including two 1-min breaks, was approximately 23 min.


[image: image]

FIGURE 1. An example of the observation and the study phases for learning character pair 評-詳.


For each trial, specifically, the observation phase lasted for 23 s. First, an eight-s observation to a character’s form, sound, and meaning was provided by the following sequence of events: a character’s form was shown for 1 s, followed by 1-s pinyin display, and then 1-s English translation display; then, the form, pinyin, and the English translation were displayed together for 5 s. Second, the next character in the pair was displayed with the same time frames. Next, the participant had a seven-second exposure to the pair’s forms, pinyin, and English translations together. Furthermore, proceeding to the study phase that lasted for 7 s, the participant was prompted to use a given strategy to study each pair. Finally, this learning trial for one pair (30 s) repeated for a total of three times before the screen moved on to the next pair.

Focusing on the three strategies that differed as to which they promote attention to the form and meaning of characters, Figure 2 presents an illustration for showing the three strategies for learning the same character pair “評-詳” (meaning: evaluation detail; pinyin: píng-xiáng). In the Pithy Formulas with a Key-images block, a form + meaning strategy with visual and verbal codes, key-images were accompanied by a few words, explaining how to integrate key-images to help memorize the form and meaning of the characters. In the Key-images block, a form + meaning strategy with visual code, the key-images were presented without explanations to the images. In the Stroke Sequence block, a form-emphasis strategy, the stroke-by-stroke sequences were accompanied by sentences, explaining the general writing order of the characters. All display was static.


[image: image]

FIGURE 2. Illustrations showing the three different strategies for learning character pair (in the similar group) 評-詳.




Immediate Posttest

After the learning session, the participants were given 5 min to perform a distraction task (i.e., Task Load Index; Hart and Staveland, 1988) to reduce recency effects in testing. Next, the participants completed a writing task and two recognition tasks in the same format as the pretest. After finishing the tasks, the participants responded to a survey, asking about their experiences with the three strategies (see section “Measurement”).



Delayed Posttest

One week after the learning session, to assess the maintenance effect of the interventions, the participants were asked to complete the same tests as they did in the pretest and the immediate posttest. Finally, a paper version of the learning materials and a debriefing sheet were given to the participants after the completion of all the tasks.





LEARNING AND RETENTION RESULTS

The analysis of covariance (ANCOVA) was adopted to mitigate the possible effect of the participants’ knowledge of learning materials, given that our participants were not novice learners of Chinese (Fisher, 1947). ANCOVA helps to adjust the posttest means for pretest differences among intact groups (Dimitrov and Rumrill, 2003). Thus, for all learning measures, while treating the participants’ pretest as a co-variate, we conducted three-way (3 × 2 × 2) ANCOVAs to examine the effect of learning strategies (Pithy Formulas with Key-images, Key-images, and Stroke Sequence) and presentation of character pairs (similar and dissimilar) over time (immediately after learning and 1 week after learning). Given that the pretest scores would be treated as co-variates in ANCOVA, we also performed t-tests on the scores between the pretest and those in the immediate posttest and the delayed posttest for the two groups, respectively (all ps < 0.001). As for the learner experience ratings, because this survey aimed to investigate the participants’ experiences, we did not collect pre-learning results as a co-variate. Thus, a one-way repeated ANOVA was adopted to analyze the difference among the three strategies, followed by Bonferroni-corrected paired comparisons when the difference reached significance.

Statistical Package for the Social Science (SPSS) version 23.0 software was used. The significance level was set at α = 0.05, and partial eta-squared ([image: image]) was reported as an effect size; when the difference reached significance, pairwise comparisons with Bonferroni correction were performed to identify the pattern of differences. Table 3 shows descriptive statistics for all learning measures over time.


Character Writing Task

Both the continuous and the all-or-none scoring revealed that the Pity Formulas with Key-images yielded higher writing accuracies than the other two strategies immediately after learning. Also, the interactions among strategy, group, and testing time varied by scoring schemes.


Continuous Scheme (Stroke Scoring)

When scored at the continuous level, the Pithy Formulas with Key-images showed generally better learning outcomes than the Stroke Sequence strategy for both groups in the immediate posttest. The test of regression homogeneity indicated that the slopes did not significantly differ, F(2,124) < 1, which qualified the hypothesis of regression homogeneity. Thus, we continued the ANCOVA analysis. The three-way interaction was significant, Strategy × Group × Time, F(2,126) = 4.34, p = 0.020, [image: image] = 0.07.

For the group that learned with similar character pairs, in the immediate posttest, higher writing scores were found in the Pithy Formulas with Key-images than those for Key-images (p = 0.006) and Stroke Sequence (p = 0.002), while the scores for Key-images and Stroke Sequence did not differ (p = 1.000). In the delayed posttest, no difference was found among the three strategies (all ps > 0.05).

As for the group that learned with dissimilar pairs, in the immediate posttest, Pithy Formulas with Key-images also yielded higher writing scores than Stroke Sequence (p = 0.046), while other comparisons were not found (all ps > 0.05). In the delayed posttest, there were no differences found for strategy used (all ps > 0.05).

In addition to the significant three-way interaction, significant main effects were also found: The Strategy main effect, F(2,126) = 4.27, p = 0.016, [image: image] = 0.06, reflected that Pithy Formulas with Key-images led to writing scores significantly higher than that of Stroke Sequence (p = 0.001) and marginally higher than that of Key-images (p = 0.080), while no difference was found between Key-images and Stroke Sequence (p = 0.397). The Group main effect, F(1,63) = 4.51, p = 0.038, [image: image] = 0.07, revealed that the dissimilar group outperformed the similar group (p = 0.038). The Time main effect, F(2,126) = 4.47, p = 0.038, [image: image] = 0.07, showed that all the participants scored higher in the immediate posttest than the delayed posttest (p < 0.001). We did not find any two-way interaction: Strategy × Group: F(2,126) < 1; Group × Time: F(2,126) = 1.51, p = 0.224; Strategy × Time: F(2,126) = 1.69, p = 0.188.



All-or-None Scheme (Character Scoring)

When scored at the all-or-none level, Pithy Formulas with Key-images was the most effective strategy for both groups immediately after learning. We used the pretest results as a co-variate. The test of regression homogeneity showed that the slopes did not differ, F(2,124) < 1; we continued to perform the ANCOVA analysis. The only statistically significant result was the interaction between Strategy and Time, F(2,126) = 4.20, p = 0.017, [image: image] = 0.06. In the immediate posttest, higher writing scores were found in the Pithy Formulas with Key-images than those in the Stroke Sequence (p < 0.001) and the Key-images (p = 0.021), while the latter two did not differ (p = 0.793). None of the differences lasted for the delayed posttest. The following tests did not reach significance: three-way interaction: Strategy × Group × Time, F(2,126) < 1; two-way interactions: Strategy × Group, F(2,126) < 1, Time × Group, F(2,126) = 1.19, p = 0.280; and main effects: Strategy, F(2,126) = 1.44, p = 0.242, Group, F(1,63) = 3.67, p = 0.060, and Time, F(2,126) = 3.73, p = 0.058.




Recognition


Chinese-to-English Recognition Task

For accuracy in choosing the correct meaning based on a given character, no significant effect was found. Taking the pretest as a co-variate, the test of regression homogeneity showed that the slopes did not differ, F(2,124) = 1.67, p = 0.192. In the follow-up analysis, we did not find any significance: all Fs < 1 for Strategy, Group, Time, and Strategy × Group × Time; Strategy × Group: F(2,124) = 1.42, p = 0.245; Group × Time: F(2,124) = 2.30, p = 0.134; Strategy × Time, F(2,124) = 1.98, p = 0.142.



English-to-Chinese Recognition Task

For accuracy in identifying correct Chinese characters based on a given English word, scores in the English-to-Chinese task reflected whether the participants can correctly differentiate visually similar characters. Taking the pretest as a co-variate, the test of regression homogeneity showed that the slopes did not differ, F(2,124) < 1. In the follow-up analysis, only the main effect of Strategy reached significance, F(2,126) = 3.72, p = 0.027, [image: image] = 0.06; but the pairwise comparisons with Bonferroni adjustment did not find any significant difference in any pair of strategies, all ps > 0.35. No other significant effect was found: all Fs < 1 for Strategy × Group × Time, Group × Time, Strategy × Time, Group, Time; Strategy × Group, F(2,124) = 2.09, p = 0.128.




Learner Experience Ratings

The learners’ ratings of their experiences with each learning strategy were made on four seven-point Likert scales. The top of the scale (7) was the maximum positive response on enjoyment, usefulness, ease of use, and willingness to use. Figure 3 shows the mean ratings for these scales. The participants gave the highest ratings to the Pithy Formulas with Key-images on each scale. Strategy effects were significant for each scale: Enjoyment, F(2,130) = 29.65, p < 0.001, [image: image] = 0.313; Usefulness, F(2,130) = 25.81, p < 0.001, [image: image] = 0.284; Ease of use, F(2,130) = 26.92, p < 0.001, [image: image] = 0.293; Willingness to use, F(2,130) = 16.66, p < 0.001, [image: image] = 0.204. Both the Pithy Formulas with Key-images and the Key-images strategies were rated more enjoyable than the Stroke Sequence strategy (all ps < 0.001), and the Pithy Formulas with Key-images was marginally more enjoyable than the Key-images (p = 0.078). The participants rated the Pithy Formulas with the Key-images more useful than the Key-images (p = 0.045) and the Stroke Sequence (p < 0.001), and the Key-image more useful than the Stroke Sequence (p < 0.001). Similarly, for the ease of use, the Pithy Formulas with the Key-images was rated easier to use than the Key-images (p = 0.016) and the Stroke Sequence (p < 0.001), and the Key-images easier than the Stroke Sequence (p < 0.001). Finally, for willingness to use, the Stroke Sequence was rated lower than the Key-images (p < 0.001) and the Pithy Formulas with the Key-images (p = 0.003), while no difference was found between the Key-images and the Pithy Formulas with the Key-images (p = 0.106).


[image: image]

FIGURE 3. The participants’ mean ratings on enjoyment, usefulness, ease of use, and willingness to use for each learning strategy.





DISCUSSION

This study supported non-beginning CSL learners to build robust orthographic representations in Chinese by addressing the challenges of learning visually similar characters. The learning intervention was conducted via a combination of three learning strategies (Pithy Formulas with Key-images, Key-images, and Stroke Sequence, differing in the extent to which they promote interrelated attention to the form and meaning of characters) and two methods of presentation (visually similar vs. dissimilar pairs). In the pretest–posttest equivalent-group design, the reading and writing performances of 66 participants were measured immediately after learning and 1 week after for retention. The key findings were that (1) immediately after learning, the Pithy Formulas with the Key-images yielded the highest levels of learning in writing characters, regardless of the method of presentation; (2) when presenting learning targets with visually similar pairs, the Pithy Formulas with the Key-images outperformed the Key-images and the Stroke Sequence in the immediate writing; (3) the learners experience ratings favored the two strategies involving the Key-images over the Stroke Sequence. Previous studies examining the effect of the Key-images usually had characters presented in a dissimilar fashion and reported that the Key-images outperformed Stroke Sequence (e.g., Chang et al., 2019). Our findings in the similar group showed the effectiveness of integrating the Key-images and the Pithy Formulas (a form + meaning strategy combining visual and verbal codes) over the Key-images (a form + meaning strategy utilizing visual code) and the Stroke Sequence (a form-emphasis strategy), suggesting greater applications of the Key-images in supporting visually similar character learning.

The discussion is organized as follows: first, we discussed the impact of learning strategy for reading and writing as well as the learners’ experience ratings (see section “Learning Strategy of Pithy Formulas With Key-Images Supports Character Writing and Positive Learning Experiences”). Next, we explored the effects of material presentation and focused on its interaction with learning strategy under the theoretical design principles of strategies (see section “The Superiority of the Pithy Formulas With the Key-Images Over the Key-Images and the Stroke Sequence Depends on Material Presentation”). Finally, we discussed research limitation and future directions (see section “Research Limitations and Future Directions”) and then offered an overall conclusion (see section “Conclusion”).


Learning Strategy of Pithy Formulas With Key-Images Supports Character Writing and Positive Learning Experiences

For reading, regardless of Chinese to English or English to Chinese, all three strategies were effective for our participants. They learned the associations between form and meaning, and they were able to correctly distinguish one character from the others. This finding is in line with prior research, showing that adult non-beginning CFL learners quickly pick up the perceived patterns of characters (Xu et al., 2013). In contrast, for writing, it was a productive, more challenging task for the participants, requiring them to access form-meaning links, retrieve accurate orthographic features, and reproduce whole characters. Prior research on character learning, regardless of being conducted with L1 (e.g., Tan et al., 2005; Bi et al., 2009) or L2 (Chang et al., 2014) learners of Chinese, usually considered writing accuracy as an indicator of robust learning on orthographic representations. On this interpretation, the observation that our participants’ writing differed by learning strategy suggests that the character writing task provides more information than the reading tasks to investigate the intervention. Thus, we continued our discussion based on the results found in character writing.

In discussing the main effect of learning strategy immediately after learning, which shows that the Pithy Formulas with Key-images lead to the highest accuracy rates in writing, we revisited its design principles based on the Elaboration theory (Reigeluth, 1999) and the Dual-coding theory (Paivio, 1986, 2006). Specifically, the Pithy Formulas with the Key-images had the participants develop meaningful imagery-verbal elaboration for linking together the meaning of a character and its constituent components. This design largely instantiated the Elaboration theory (Reigeluth and Stein, 1983; Reigeluth, 1999) by organizing learning materials into meaning context. Moreover, the Pithy Formulas with the Key-images afforded verbal code (i.e., explanation sentences) to provide the participants with context to memorize the combination of components, and this functioned together with the visual code (i.e., Key-images). Such effects are in line with character learning research, applying the Dual-coding theory (e.g., Kuo and Hooper, 2004). That is, the synergy of verbal and visual codes in the Pithy Formulas with the Key-images enhanced memory consolidation and further stabilized memory traces in character learning. Thus, with meaning-prompted cues, reproducing character forms from memory can be largely supported with dual codes.

An alternative explanation for the strategy effect observed in the immediate posttest is learners’ motivation. The learner experience ratings (see section “Learner Experience Ratings”) showed that the learners consistently expressed positive opinions (i.e., enjoyment, usefulness, ease of use, and willingness to use in the future) on the form + meaning strategies over the form-emphasis strategy. Specifically, the Pithy Formulas with the Key-images was rated higher than the Key-images, which, in turn, was rated higher than the Stroke Sequence on the scales of usefulness and ease of use. These positive opinions on the Pithy Formulas with the Key-images possibly promoted the learners’ motivation; therefore, using this strategy, they exhibited higher writing accuracy in the immediate posttest. This alternative explanation was in line with prior research (e.g., Tyng et al., 2017), suggesting that positive emotion facilitates learning and memory processes. While the subjective difference indicated in the experience ratings was larger than the accuracy difference indicated in writing immediately after learning, this view for interpreting the strategy effect echoed previous studies (Chou, 2009a; Tsai et al., 2021), which proposed to integrate both subjective (e.g., motivational and affective aspects) and objective factors (e.g., strategy) in investigating the process of character learning.



The Superiority of the Pithy Formulas With the Key-Images Over the Key-Images and the Stroke Sequence Depends on Material Presentation

Next, we explored the effects of material presentation. In the context of learning to read across writing systems, echoing literature in learning distinctive features of English letters (e.g., Samuels, 1969; Williams and Ackerman, 1971), our findings on learning Chinese characters may not be an ideal comparison because the formations of graphs with visual features are highly contrastive (Verhoeven and Perfetti, 2021). However, the theory of perceptual learning (Gibson, 1969) has been applied across orthographies (Gibson and Levin, 1975). This theory postulates that learning is to extract meaningful information through higher order relations among features of objects and events. In our case of presenting objects (e.g., target characters), the events (e.g., visually similar pairs vs. dissimilar pairs) possessed different higher order relations, and the results showed that the dissimilar group outperformed the similar group in writing immediately after learning. Thus, we speculated that, in forming the higher-order relations, the dissimilar pairs might provide more distinct visual features than the similar pairs so that the participants who learned with similar pairs recalled character forms easier while writing. However, given that the advantage of dissimilar pairs did not last long, this speculation merited further investigation.

Within the Chinese writing system, prior research on learning visually similar characters was relatively scarce. Also, these studies revealed discrepancy between L1 school-aged learners with different levels of achievement in Chinese (Lin, 1997, 1998). Investigating first graders’ character writing (n = 148), Lin (1997) reported that learning visually similar characters simultaneously led to worse writing than learning dissimilar characters for high/mid-achievement learners and floor effects for low-achievement learners. However, in the follow-up study (Lin, 1998), the author reported that underachieving learners (n = 17) benefited from presenting graphemically similar characters in recognition. The author argued that the process in learning visually similar characters may be mediated by learners’ proficiency and further interacted with measurement difficulty. The present study is the first attempt to investigate how the method of material presentation may affect learning visually similar characters for CSL learners. Although our findings were similar to the previous results of high/mid-range-achievement L1 learners (Lin, 1997), showing that the group that learned with dissimilar pairs outperformed the group that learned with similar pairs in character writing immediately after learning, we interpreted these findings with caution. Specifically, while having a similar pretest–posttest design with previous studies (Lin, 1997, 1998), our participants were adult second-language learners, having greater linguistic and cognitive maturity, and the amount of target characters used in our study was double compared to that of Lin (1997, 1998).

Furthermore, depending on the two methods of material presentation, we discussed their interaction effects with three learning strategies for learning visually similar characters under the design principles of learning strategies. Theoretically, our findings supported the Dual-coding theory (Paivio, 2006) and the Elaboration theory (Reigeluth, 1999). Echoing the Dual-coding theory, the advantage of the Pithy Formulas with the Key-images (combining visual and verbal codes) over the Key-images (only visual code) was specific to the visually similar group. Meanwhile, in the similar group, the Key-images did not surpass the Stroke Sequence. It was possible that, as targets in the similar pairs were too similar to distinguish one from the other, observing sequences of strokes might cause learners to confuse the construction of form presentations. As for the dissimilar group, the findings confirmed the effectiveness of learning strategies involving the Key-images, which were in line with prior research reporting that the Key-images outperformed the Stroke Sequence (Chang et al., 2019; Lin et al., 2021). In accordance with the Elaboration Theory (Reigeluth, 1999), moreover, these findings demonstrated that learning with form + meaning strategies yielded better recall than the form-emphasis strategy.

The superiority of the Pithy Formulas with the Key-images echoed the third stage of the three-stage character-based instructional framework (Chen et al., 2012) – the deliberately-designed Key-images and pithy formulas are effective in supporting learners to efficiently acquire visually similar compounds. Compounds make up over 90% of commonly used characters (Shen, 2005). As proficiency improves, learners of Chinese encounter many compounds, which, in turn, gradually increases their radical awareness (Shen and Ke, 2007). Previous studies have shown that decomposing characters into chunks (i.e., components) and memorizing the chunks together facilitate character learning, retention, and even generalization (e.g., Lam, 2011; Chen et al., 2013). In this study, the Key-images strategy had done so by co-occurring the Key-images that were visually similar to constituent components of each character and associable to their meanings. It could be possible that CSL/CFL learners generalize their learning with the Key-images and the Pithy Formulas to guess the meanings of novel characters, while this plausibility would require further investigation. At least in this present work, the Pithy Formulas with the Key-images has gone one step further, as indicated by the highest writing accuracy immediately after learning, to leverage the Key-images by adding brief but meaningful sentences to elaborate the imagery-verbal link and further strengthen memory.



Research Limitations and Future Directions

Notwithstanding the effects of intervention in supporting compound character learning, several limitations of the present study must be acknowledged, and the following are our suggestions for future research. First, we are mindful of the fact that the maintenance of strategy effects did not last long. The robustness of each strategy effect merits further investigation. To deal with this issue, we suggest to vary testing times (simultaneous vs. successive) and to provide multiple practice or review opportunities to find an optimal schedule (Koedinger et al., 2012). Second, to secure the internal validity of research, we conducted this study in laboratories with rigorous control, which reduced the external validity of research. To address this trade-off in research design, our next step would be carrying out an in vivo study. To examine whether our findings can be generalized to real-life settings, we envisioned that compounds would be taught together with vocabulary, grammar, and lessons that train listening, speaking, reading, and writing skills. This procedure followed prior research, which tested the effect of Key-images on logographic character learning in classrooms (Lin et al., 2021; Tsai et al., 2021) after validating its effectiveness in laboratories (Chang et al., 2019). Third, for material selection, we limited target stimuli to compounds based on visual similarity while excluding logographic characters. Our findings may not be applicable to integral characters, which are also visually alike (e.g., 由田甲申 or 己已巳). Thus, examining the effects of learning strategies on different types of characters is necessary. Lastly, for non-beginning learners of Chinese, it was difficult to control their proficiency. Although we adopted research design (i.e., randomly allocated participants to two groups) and statistical control (i.e., ANCOVA), attempting to enhance internal validity of the present work, the results may have been easier to interpret if future research tests participants were from the same language background, the same age groups, the same proficiency levels, and even identical Chinese learning experiences (e.g., instructors and Chinese language textbooks).



Conclusion

This study examined the synergetic effects of learning strategies and methods of presenting materials on reading and writing visually similar characters for non-beginning CSL learners. The takeaway points are twofold. For the cognitive aspect, the learning strategies emphasizing both the verbal and visual codes (i.e., the Pithy Formulas with Key-images) outperformed the visual imagery (i.e., the Key-images), which, in turn, surpassed the Stroke Sequence in writing characters immediately after learning. For the affective aspect, CSL learners’ experiences consistently revealed that form + meaning strategies are more enjoyable, useful, easy to use, and likely to be used in the future than the form-emphasis Stroke Sequence. In sum, this study demonstrates a positive effect of form + meaning mnemonics, arising from the Dual-coding theory and the Elaboration theory, on enhancing learning efficiency and affection for CSL learners. Pedagogical implications of the findings on the broader topic of learning Chinese as a second/foreign language include, but are not limited to, strategy-based Chinese language education, the compilation of textbooks and exam papers, and error detection in CSL/CFL learners’ compositions.
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The Simple View of Reading (SVR) designates that reading comprehension is the product of decoding and listening comprehension and this conclusion has been supported by studies on school-aged native and nonnative speakers. However, it remains unknown whether SVR can be applied to adult second language (L2) learners. The current study addressed this issue by testing adult learners of Chinese as a second language with various proficiency levels and further extended the model by including word segmentation and word-meaning access, both of which are particularly crucial in reading Chinese. The results showed that listening comprehension only contributed to reading comprehension for the advanced learners, while decoding accuracy predicted reading comprehension regardless of Chinese proficiency. However, the total proportion of variance accounted for was relatively low, especially for the lower proficiency groups. Interestingly, word segmentation and word-meaning access explained a large proportion of the total variance and concomitantly decreased the apparent influence of word decoding. Taken together, these findings highlight that the individual characteristics of a given language can modulate the contributions of decoding and listening comprehension to predicting reading comprehension.
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INTRODUCTION

Effectively cultivating reading comprehension and exploring the factors affecting its development are key topics in the domain of second language learning and instruction. However, reading comprehension involves various cognitive processes, including but not limited to visual word recognition, word meaning access, word-to-text integration, and inference (Perfetti and Stafura, 2014). The simple view of reading (hereafter SVR) simplified these subskills into two broader categories—word decoding (word recognition according to Hoover and Tunmer, 2018) and listening comprehension (or language comprehension) and further proposed that reading comprehension is the product of word decoding and listening comprehension (Gough and Tunmer, 1986). Despite the widespread acceptance of SVR in monolingual studies of different writing systems (see Florit and Cain, 2011; Melby-Lervag and Lervag, 2011, 2014; Jeon and Yamashita, 2014; Tighe and Schatschneider, 2016; Quinn and Wagner, 2018; Peng et al., 2021a), its applicability for second language (L2) learners, especially for adult L2 learners, has received much less attention. A few studies support that the SVR can be applied to bilingual speakers (Hoover and Gough, 1990; Barber et al., 2021) and young L2 learners (Sparks and Patton, 2016; Sparks et al., 2018; Sparks and Luebbers, 2018). However, most studies focused on L2 learners whose native and second languages are both alphabetic (Spanish and English in the abovementioned studies). The present study aimed to extend the scope to the reading of a nonalphabetic L2 in adult learners with alphabetic L1, by testing learners of Chinese as a second language (CSL).


Monolingual Studies Under the Framework of SVR

Since it was initially developed, the SVR has received empirical support from a number of reading studies of monolingual school-aged children. They have confirmed SVR’s adequacy in explaining reading comprehension because that different competencies in word decoding and listening comprehension are able to explain most of the variance in reading comprehension as the SVR predicts [e.g., Language and Reading Research Consortium (LARRC), 2015; Tobia and Bonifacci, 2015; Foorman et al., 2018]. A recent meta-analysis of 42 studies found that word decoding and listening comprehension explained approximately 60% of the variance in reading comprehension (Hjetland et al., 2020). Several studies even observed that these two components accounted for as much as 90% of variance [Adlof et al., 2006; Language and Reading Research Consortium (LARRC), 2015; Foorman et al., 2018; Lonigan et al., 2018]. For example, with a large sample of English-speaking Grade 1–10 students, Foorman et al. (2018) reported that the variance proportion of reading comprehension explained by the two components was between 68 and 99% for each grade, and even reached above 97% in Grades 4–10. Taken together, these findings suggest that word decoding and listening comprehension are essential and adequate to building reading comprehension and that there is little room for other factors to take effect.

Comparatively, there are relatively few studies in the context of Chinese, and extant studies suggest that decoding and listening comprehension explain less variance in reading comprehension in Chinese than in alphabetic languages. For instance, Joshi et al. (2012) compared the relative contributions of decoding and listening comprehension to reading comprehension across Chinese, English, and Spanish in Grade 2–4 children (Joshi et al., 2012). The results showed that in these three languages, decoding and listening comprehension contributed significantly to reading comprehension, but the amount of explained variance in Chinese (25%–42%) was less than that in English (approximately 50%) or Spanish (approximately 60%). In a longitudinal study following Hong Kong primary school children from Grades 1 to 3, decoding and language comprehension each contained several measurable dimensions, including word reading accuracy and text-reading fluency as decoding measure and expressive vocabulary, word definition, oral narrative story comprehension, and syntactic skills as language comprehension dimensions, yet they accounted for less than 40% of the variance in reading comprehension (Yeung et al., 2016). Given these findings, it is possible that the two components in the SVR do not fully capture the reading of Chinese (see also Joshi et al., 2012). Therefore, it is essential to include other components that are particularly important for Chinese reading.

Another line of research revealed that the relative importance of word decoding and listening comprehension to reading comprehension changes as language proficiency increases. A series of studies have reported that the contribution of word decoding decreases with the gradual maturity of decoding skills, whereas the role of listening comprehension increases (e.g., Catts et al., 2005; Diakidoy et al., 2005; Proctor et al., 2005; Foorman et al., 2018; Lonigan et al., 2018; Kim, 2020). For example, a longitudinal study of American primary school children found that, in the second grade, both word decoding and listening comprehension are strong predictors of reading comprehension, but when these students advanced into the fourth grade, the contribution of word decoding decreased, while that of listening comprehension increased (Kim, 2020). In a cross-sectional study on American Grade 3 through five students, Lonigan et al. (2018) observed that listening comprehension (24%–33%) generally accounted for higher unique variance in reading comprehension than decoding (approximately 10%), especially in Grades 4 and 5, and the role of decoding was significantly larger in Grade 3 than in Grade 5.

Furthermore, the relative contribution of the two components and the length of the time window when decoding plays a role are found to be regulated by the orthographic characteristics of the script. In a meta-analysis of 33 studies from English and other shallower orthographies, Florit and Cain (2011) showed that while language comprehension was more influential than decoding accuracy in shallow orthographies, decoding accuracy played a more important role than language comprehension in the early stage of reading acquisition of deep orthography. Specifically, decoding was found to predict reading comprehension for a more extended time window in an opaque orthography (Florit and Cain, 2011). Indeed, Joshi et al. (2015) found that decoding tends to make a substantial contribution to reading comprehension for a long time in primary school in Hebrew—an example of deep orthography (Joshi et al., 2015). However, the findings from Chinese, an orthography typically recognized as among the deepest, are mixed. A meta-analysis of Chinese children’s reading comprehension reported that the role of character or word decoding in reading comprehension began to weaken between Grades 2 and 3 in primary school (Peng et al., 2021a). Ho and colleagues reported that linguistic comprehension was more influential than decoding in predicting children’s Chinese reading comprehension in Grades 1–3 (Ho et al., 2017). Nevertheless, Joshi et al. (2012) found that the importance of decoding increased from Grade 2 to Grade 4. A recent study even found that the role of decoding can last until middle school (Li et al., 2021).

Regarding the relationship between decoding and listening comprehension in predicting reading comprehension, Gough and Tunmer (1986) proposed a multiplicative, not additive, model, which means that the two components are indispensable, and, on statistical analysis, the interaction of the two constructs can significantly predict part of the variance of reading comprehension over and above the contributions of decoding and language comprehension themselves (Gough and Tunmer, 1986). This hypothesis was first confirmed in Hoover and Gough (1990) where the product of decoding and listening comprehension significantly accounted for an extra 1%–7% of variances in English reading comprehension in Grades 1–4 with Spanish speakers learning to read English. However, subsequent studies from alphabetic languages (e.g., Neuhaus et al., 2006; Conners, 2009; Georgiou et al., 2009) and Chinese (Li et al., 2021) failed to replicate such finding. Hoover and Tunmer (2018) explained that “testing such a difference (between additive and multiplicative model) requires a special population where skills are nonexistent for a substantial number of children in at least one of the components” (p309). In fact, some recent studies including multiple grades found that the multiplicative model fits better in the lower grades, while the additive model fits better in the middle and upper grades (e.g., Kershaw and Schatschneider, 2012; Foorman et al., 2020). Yeung et al. (2016) also observed a weak (approximately 1%) but significant contribution of product in Grade 1, but not in Grade 3, in Hong Kong children. Hence, the relationship between decoding and listening comprehension deserves further study.



SVR on L2 Reading for Bilingual and Second Language Learners

Although originally tested with a group of Spanish-English bilingual children (Hoover and Gough, 1990), the SVR has not received much attention in bilingual or L2 learners’ reading research until more recent years (Proctor et al., 2005). Studies on bilingual children aimed to contrast the SVR’s predictive power across bilingual children with their monolingual peers and revealed a similar pattern as that of monolingual children in which word decoding and listening comprehension explained the majority of the variance in reading comprehension (e.g., Verhoeven et al., 2019; Barber et al., 2021). For example, a longitudinal study by Hoover and Gough (1990) shows that for Spanish-English bilingual children in Grades 1–4, the two components explained 73%–89% of the variance in their L2 reading comprehension. Barber et al. (2021) also observed that these two core components could explain 88.2 and 73% of variance in reading comprehension in English-monolinguals and English-bilinguals, respectively. In a study on young L2 learners who lived in Hong Kong before age 3 and received preprimary education and then formally learned traditional Chinese and Cantonese as their L2 in primary school, Wong (2017) reported that both word decoding and listening comprehension explained 65%–78% of the total variance.

It seems that the SVR framework has been also successful in explaining L2 reading comprehension ability of both bilingual and young L2 learners as Koda (2007) have asserted, however, attention to older L2 learners (i.e., those who start to learn L2 many years later than their L1) under this framework has been rare. The existing studies were mainly conducted by Sparks and his colleagues (Sparks and Patton, 2016; Sparks et al., 2018; Sparks and Luebbers, 2018) and examined the applicability of SVR for US students who began learning Spanish as their L2 only in high school. Their studies showed that although the cohorts of students performed poorly on L2 listening comprehension, vocabulary and reading comprehension, the SVR was also applicable. For example, using multiple regression analyses on students in high school Spanish courses with between 1- and 3-year’ study, the researchers revealed that each of the two components—Spanish word decoding and Spanish listening comprehension—explained approximately 25%–35% of the variance in Spanish reading comprehension, and the product of them added no additional contribution (Sparks and Patton, 2016).

How does the SVR apply to adult L2 learners then? There is no answer to this question yet. In addition to the fundamental differences between children and adults in cognitive maturity, there are complicating factors that seem to exert different effects among adult and younger L2 readers. One of the most important factors lies in the availability of the oral language to contribute to reading comprehension during the process of learning to read (Nation, 2001). It is easy to understand that listening comprehension plays an important role in reading comprehension among monolingual or early bilingual children. Before formally learning to read, children usually have acquired proficient language comprehension skills, so it is easy to transfer these proficient skills to reading comprehension; however, in adult second language learning, listening comprehension, and reading comprehension are often learned at the same time. Therefore, to what extent their language comprehension skills promote the development of reading comprehension is a question to be explored. This study expands our knowledge beyond Sparks’ L2 studies in four aspects—the age acquisition of L2 (adults vs. adolescents), the typological similarity between L1 and L2 (dramatically different vs. similar), the learning context (immersion vs. nonimmersion in the target language), and the relative contributions of different proficiencies across readers.



Learning Chinese as L2 in Mainland China and Chinese Characteristics

After the turn of the 21st century, the number of foreign students learning in China has increased rapidly and there is a strong demand for Chinese learning. According to the Ministry of Education of the People’s Republic of China, from 2000 to 2018, the total number of foreign students in China increased from 50,000 to 500,000, a tenfold increase. They came from various countries or regions (196 in 2018) and studied in hundreds of universities or colleges. Most of them majored in the Chinese language, while others who had passed the examination for language proficiency level (Hanyu Shuiping Kaoshi, hereafter HSK—the standard test of Chinese Language Proficiency for foreign students) and met the language requirements of the university or college chose other subjects. Although different textbooks are used for the teaching of Chinese across universities or colleges, they follow a common principle—the basic skills of listening, speaking, reading, and writing are heavily emphasized for beginners, whereas knowledge about language and culture are added later. Typically, after 1 year of learning, the students’ overall ability in listening, speaking, reading, and writing should reach a basic level of Chinese that enables them to pursue their study in Chinese colleges.

However, foreign students, especially those from countries that do not use Chinese characters in their daily lives, always encounter many obstacles in learning Chinese, because of the huge differences between Chinese and their mother languages. The Chinese writing system is logographic, and no grapheme-phoneme correspondence is available. In addition to the well-known visual complexity, Chinese characters rarely encode phonetic information reliably. Moreover, there are a large number of homophones in Chinese, of which most are monosyllabic and disyllabic words. According to statistics in Liu et al. (2007), there are 31 homophones, on average, for each monosyllabic Chinese word, and the largest one is “yi4,” with as many as 205 Chinese characters sharing the same pronunciation. Based on more commonly used characters, another database (Sun et al., 2018) reported approximately 7.1 homophones, on average, for each Chinese character. Homophones also broadly exist among disyllabic words—the largest number of words in Chinese. The high frequency of homophones can result in the phenomenon where knowing the phonology is not sufficient to access to the exact meaning of a Chinese words. In contrast, the processing of moving orthography to semantics is more reliable and indispensable to disambiguating possible confusion. Most Chinese characters are pictophonetic compound characters, consisting of a semantic radical and a phonetic radical. The semantic radical 氵, for instance, commonly appears in characters that describe liquids, such as 湖 (“lake”), 海 (“ocean”), or 汤 (“soup”). Hence, learners will perform better on reading comprehension tests if they acquire the correspondence between orthography and semantics.

Another challenge for CSL learners and beginning readers is that Chinese, unlike alphabetic languages with clear spaces to separate words, has no explicit word boundaries. This means that the readers have to figure out the boundary of each word during text reading. The majority of modern Chinese words are composed of two characters, but there also exist a large number of single-character words, three-character words, four-character words, and words with even more characters. Given the uncertainty of the number of characters in a word, word segmentation in Chinese becomes even more challenging. Furthermore, Chinese readers are usually confronted with ambiguity in word segmentation during reading. For example, on seeing the four characters “小心地滑,” readers have to consider the context to determine where the word boundary is. When this phrase appears at the entrance of the skating rink, it should be segmented as “小心地/滑,” which means “skate carefully”; however, when it appears on a floor just mopped, the proper meaning is “please be careful! Wet Floor!” and the optimal segmentation should be “小心/地滑.” To achieve word segmentation in Chinese, the readers need to process characters efficiently, and have a mental lexicon with high-quality word representations and adequate probabilistic knowledge about the likelihood of characters comprising a word and their possible positions (Li et al., 2009; Zang et al., 2016). However, CSL learners and beginning readers usually have poor knowledge or awareness about character properties, word representation, and probabilistic information (see also Yang, 2021). Hence, for nonnative Chinese readers, acquisition of the ability to rapidly segment continuous texts into words for accurate lexical access in ongoing reading is reportedly a long process (Everson and Ke, 1997). Studies have also shown that inserting spaces between words or highlighting word boundaries effectively improve reading efficiency among native young children (Blythe et al., 2012; Pan et al., 2021) and CSL learners (Bai et al., 2010; Gao and Jiang, 2015).



The Present Study

To summarize, reading comprehension studies conducted under the framework of SVR are mostly on alphabetic languages and mainly focus on monolingual, bilingual, or young L2 learners. The applicability of SVR to adults learning a nonalphabetic L2 remains unknown. The present study aims to fill this gap by examining the role of word decoding and listening comprehension in predicting reading comprehension in adult CSL learners.

If the SVR is applicable to adult CSL learners, we will further test the relative importance of decoding and listening comprehension on reading comprehension at different Chinese proficiency levels, as has been done in monolingual studies (e.g., Lonigan et al., 2018; Kim, 2020). Due to the immaturity of listening comprehension in adult CSL learners, we predicted that the contribution of listening comprehension would only be observed in relatively proficient learners. As in alphabetic studies on children, decoding skills were expected to predict adult CSL learners’ reading comprehension, especially among beginners. The product of word decoding and listening comprehension will also be tested to see if any extra contribution is made, especially to beginning learners.

In addition, based on Chinese monolingual studies that show that relatively lower levels of variance are accounted for (Joshi et al., 2012; Yeung et al., 2016), Joshi’s suggestion to use more variables in addition to word decoding and listening comprehension, and the characteristics of Chinese, we examined whether word segmentation and/or word-meaning access make an additional contribution to reading comprehension over and beyond word decoding and listening comprehension. Given their prominences in Chinese word and text reading, we predicted that both word segmentation and word-meaning access would predict reading comprehension in adult CSL learners.

Although the usefulness of making the word boundaries explicit to Chinese reading fluency and comprehension has been extensively explored (Bai et al., 2010; Shen et al., 2012; Gao and Jiang, 2015; Bassetti and Lu, 2016), only two studies have focused on the relationship between the skill of word segmentation and the ability of reading comprehension among CSL learners (Shen and Jiang, 2013; Yang, 2021). However, the two studies obtained very inconsistent results, possibly due to proficiency differences in participants’ Chinese language or the variables controlled.

We tested the participants’ word-meaning access with a meaning-based written vocabulary test (Nation, 1990). Vocabulary size is considered one of the most important predictors of reading comprehension both in the L1 (Perfetti, 2007) and L2 (e.g., meta-analysis of Jeon and Yamashita, 2014) domains. Oral vocabulary is always tested with child participants and often used as an indicator of language comprehension under the framework of SVR, whereas written vocabulary is tested with adolescent or adults, especially in L2 studies (Jeon and Yamashita, 2014). Several CSL studies have observed that meaning-based Chinese written vocabulary has a strong association with Chinese reading comprehension (Zhang and Yang, 2016; Zhang and Koda, 2018; Zhou, 2022), but these studies did not test this association under the SVR framework.




MATERIALS AND METHODS


Participants

Eighty-two adult CSL learners (age mean: 23.73 years, range: 19–33 years; 43 females) participated in the study. They were learning Chinese at an University in Beijing when the study was conducted. According to self-reports, their native languages were Urdu (25), Nepali (13), Spanish (7), Turkish (6), Bengali (5), Indonesia (4), Arabic (3), English (2), French (2), Portuguese (2), Kirghiz (2), Melayu (2), Persian (1), Croatian (1), Serbian (1), Sinhala (1), Turkoman (1), Hungarian (1), Hindi (1), Sonhay (1), and Uzbek (1). None of them were heritage Chinese learners. All participants had studied Chinese in China for at least 6 months when they were tested. The majority of them had taken the HSK, which grades the attendees’ language proficiency into three stages and six levels, among which Levels 1 and 2 belong to the elementary stage, Levels 3 and 4 to the intermediate, and Levels 5 and 6 to the advanced (Peng et al., 2021b). Referring to both their performance on the HSK and their time spent learning Chinese, we assigned 24 participants who had learned Chinese in China for less than 1 year and had never taken part in the HSK to the elementary stage; 30 participants who had spent 1–3 years on learning Chinese and passed Level 3 or 4 on the HSK were intermediate; and 28 participants who had learned Chinese for more than 3 years and passed HSK Level 5 or 6 were advanced.



Tasks and Materials

Each participant completed six tasks, four of which tapped on word level processing and the other two on listening comprehension and reading comprehension. Similar to the testing of Chinese children in Joshi et al. (2012), the current study measured both decoding accuracy and fluency. However, we used disyllabic words, whereas they utilized monosyllabic characters as stimuli. To maximize the similarity between listening comprehension and reading comprehension in the tested content when tapping the relationship between the two as proposed by Hoover and Tunmer (2018), the same set of texts and questions was used in both listening and reading comprehension tasks. To reduce the repetition effect, we ensured that there was an interval of 2 months between the two comprehension tests.


Decoding Accuracy

Tested words were selected from the Syllabus of the Graded Vocabulary for the HSK (HSK syllabus hereafter), which included the words that CSL learners need to master for each of the six levels. The word list included 150 disyllabic words in total, of which the number of words from level 1 to level 6 were 10, 10, 20, 30, 35, and 45, respectively. The words were presented in an array of 15 rows and 10 columns. Participants read each word aloud and were instructed to skip words if they did not know a word or simply say “I do not know.” If a participant misread or skipped 15 words in a row, the test was terminated. The number of words that were correctly pronounced divided by 150 was the indicator of decoding accuracy. The Cronbach’s alpha coefficient for all participants was 0.87.



Decoding Fluency

Word reading fluency was measured with the speed reading of familiar words. Another set of 100 disyllabic words from levels 1 to 3 of the HSK syllabus were selected. The words were expected to be familiar to the participants, and none were used in the word reading accuracy test. All the words were printed on A4 paper in a 10 × 10 matrix. Participants read each word as quickly and accurately as possible and skipped words they did not know. The number of correctly pronounced words and the time taken to read the words were recorded. The number of words read correctly per second was used to indicate decoding fluency. The Cronbach’s alpha coefficient for all participants was 0.90.



Word Segmentation

This task examined the ability to segment Chinese words from word strings, which mimics the real situation of Chinese text reading where no physical boundary between words exists. We adapted the task from Liu et al. (2017). Referring to the HSK Syllabus and textbooks participants used, we chose 180 words that were expected to be familiar to the participants, including a mix of single-character words, two-character words, three-character words, and four-character words. Each string consisted of three words and a total of 60 word strings were presented in three columns. Participants segmented words in each string by placing slashes between words as accurately and quickly as possible within 90 s. For example, “今年鸡蛋昨天 (this year egg yesterday)” should be divided into “今年/鸡蛋/昨天” and “没问题走打篮球 (no problem walking playing basketball)” should be divided into “没问题/走/打篮球.” The score for each participant was the number of words correctly segmented per second. The Cronbach’s alpha coefficient for all participants was 0.84.



Word-Meaning Access

This test was adapted from Nation (1990) to examine the ability to access word meaning from written words with a matching format. Sixty words were sorted by increasing difficulty level according to the HSK Syllabus and were divided into 10 groups, with six words in each group. Three definitions were also provided for each group, which matched three of the six words. The words were numbered and presented in the left column and the definitions were presented in the right column. Participants matched the definitions and words by putting the index number in front of each definition. One correct matching earned one point, so the full score was 30. The ratio of earned scores was calculated for each participant. The Cronbach’s alpha coefficient for all participants was 0.88. For example:

1. 意思 [meaning]

2. 衣服 [clothes]     ____ 可以穿的 [the things that you wear]

3. 非常 [very]          ____ 为什么 [why, how]

4. 高兴 [happy]      ____ 很 [very, quite]

5. 医生 [doctor]

6. 怎么 [how, why]

(Note: the answers are 2, 6, and 3 successively for this group. English translations in the brackets were not provided to participants.)



Listening Comprehension

This task examined the participants’ ability to understand passages presented out loud. Six passages with varying difficulty levels from Level 1 to Level 6 of the HSK were selected to construct two versions of materials to fit different levels of CSL learners. The difficulty level of words and sentences in the text was also confirmed with Chi-Editor (Jin et al., 2018), a tool to measure text difficulty for CSL learners. Four passages with difficulty levels of 1–4 (easy version) were used to test the elementary group, whereas four passages with difficulty levels of 3–6 (hard version) were used to test both the intermediate and advanced groups. Hence, two passages from levels 3 and 4 were shared in the two versions. The lengths of the passages ranged from 245 to 368 Chinese characters for the easy version and from 334 to 477 Chinese characters for the hard version. For each version, three passages were narrative, and one was expository. After the presentation of a passage, participants completed four written multiple-choice questions to assess their comprehension. The questions focused on information retrieval, main idea extraction, prediction based on the given information, or information interpretation and integration. Participants’ listening comprehension was indicated by their accuracy in answering the questions. The Cronbach’s alpha coefficients were 0.57 and 0.72 for the easy and hard versions, respectively.



Reading Comprehension

The materials and the procedure were the same as in the listening comprehension task, except that the passages were presented visually. The Cronbach’s alpha coefficients were 0.69 and 0.71 for the easy and hard versions, respectively.





DATA ANALYSES AND RESULTS

Data analyses were implemented with R software (R Core Team, 2021), the package “sjplot” (version 2.8.10) was used to print the regression models in tables (Lüdecke, 2021), the package “dominanceanalysis” was used to compare the relative contributions of predictors (Navarrete and Soares, 2020), and the function “step()” of stepwise Akaike Information Criterion (AIC)-based regression was applied to choose the best model (Venables and Ripley, 2002).


Group Comparisons on Each Task

The descriptive statistics and the results of group comparisons are reported in Table 1. Group differences at the four word-level tasks were tested using one-way ANOVA and post hoc pairwise comparisons between groups were adjusted using the Tukey HSD correction. All the ANOVAs on reading accuracy, reading fluency, word segmentation, and meaning access indicated significant “group” effects (all ps < 0.001), showing a significant improvement across the three proficiency groups. The detailed comparison between groups is shown in the last column of Table 1. Since a different version of materials was used to assess the elementary group’s listening and reading comprehension, we were not able to directly compare the elementary group and the intermediate or advanced group. Instead, we only compared the differences between the intermediate and advanced groups. The Welch two-sample t test indicated that the advanced group performed better than the intermediate group on listening comprehension (t = 5.954, df = 53.203, p < 0.001; 95% CI = [0.164, 0.330]), but not on reading comprehension (t = 1.346, df = 52.194, p = 0.184; 95% CI = [−0.027, 0.139]).



TABLE 1. Descriptive data of variables and the results of group comparisons.
[image: Table1]



Correlations Between Variables

The Pearson correlations between the six tasks for each group of CSL learners are presented in Table 2. Decoding accuracy correlated significantly with reading comprehension and stayed at a relatively strong level regardless of Chinese proficiency (rs = 0.49, 0.43, and 0.72, respectively), whereas the correlations between decoding fluency and reading comprehension were relatively weak and only significant in the elementary group. In contrast, the correlation between listening and reading comprehension increased as Chinese proficiency increased (from r = 0.08 for the elementary group to high 0.70 for the advanced group). The correlations between decoding accuracy and listening comprehension were moderate at three levels (0.40 < rs < 0.57), indicating that the two components were not independent from each other. The correlation between decoding accuracy and fluency was significant in all three groups and especially high (r = 0.83) in the elementary group. Additionally, reading comprehension was significantly related to both word segmentation and word-meaning access across the three groups (0.43 < rs < 0.73).



TABLE 2. Correlation between the six variables for CSL learners with elementary, intermediate, and advanced proficiency.
[image: Table2]



Regression Analyses

The results of correlational analyses showed that the relationship between different aspects of word recognition and Chinese reading comprehension showed distinct patterns. To further understand the relative contributions of different aspects of word recognition and listening comprehension in predicting learners’ reading comprehension among the three groups of CSL learners, separate regression analyses were carried out to test whether decoding skills and listening comprehension predict reading comprehension well and whether their relative contributions to reading comprehension vary with the learners’ Chinese proficiency.

Three hierarchical regression analyses were carried out, each for one of the three groups, with reading comprehension scores as dependent variables and decoding skill (accuracy or fluency) and listening comprehension scores as predictors. Listening comprehension was entered into the model (Model 1), then decoding (Model 2). Finally, to further clarify the relationship of these two components, the product between decoding and listening comprehension was added to the model at the last step (Model 3). To prevent multicollinearity caused by high correlation between the interaction term and the two variables, centralization was carried out for both before achieving their product. The results are shown in Table 3.



TABLE 3. Regressions on decoding accuracy, listening comprehension, and their product.
[image: Table3]

For the elementary group, Model 1 was not significant [F(1,22) < 1], indicating that listening comprehension was not a reliable predictor for reading comprehension (p > 0.1); When decoding accuracy was added to Model 2, the model became significant [F(2,21) = 3.569, p < 0.05]. Decoding accuracy was significant (p < 0.05), and the explained variance was 18.3% (adjusted R2 = 0.183). The unique variance explained by decoding accuracy was 22.2% (which equals 18.3 minus −3.9). However, the interaction between the two components failed to explain a significant additional variance as shown in Model 3 (p > 0.1).

For the intermediate group, the picture was similar to that of the elementary group. The role of listening comprehension (Model 1) was not significant [F(1,28) = 2.431, p > 0.1]. The role of the decoding accuracy (Model 2) was marginally significant (p = 0.069), and the explained variance reached 12.7%. The unique variance explained by decoding accuracy was 8% (which equals 12.7 minus 4.7). Similarly, the product of the two components was not significant (p > 0.1).

For the advanced CSL learners, a different picture was observed. Listening comprehension was significant (p < 0.001) and explained 47.5% of the variance in reading comprehension in Model 1 [F(1,26) = 25.44, p < 0.001]. After adding decoding accuracy, both were significant (ps < 0.01), and they explained 61.6% of the variance in reading comprehension in Model 2 [F(2,25) = 22.67, p < 0.001]. The unique variance explained by decoding accuracy was 14.1% (which equals 61.6 minus 47.5). Again, the product failed to explain any additional variance in Model 3 (p > 0.1).

In summary, we found that decoding accuracy predicted reading comprehension regardless of Chinese proficiency, while listening comprehension was a significant predictor of reading comprehension only when learners reached the advanced level of Chinese proficiency. However, the interaction between decoding accuracy and listening comprehension did not significantly explain the additional variance in reading comprehension in any of the groups, which suggested that an additive model was better than a multiplicative one. Importantly, we observed that the total variance explained by decoding accuracy and listening comprehension for the elementary and intermediate groups was low (both adjusted R2s < 20%), and a sharp increase was observed in the advanced group (adjusted R2 = 61.6%).

A similar set of regression analyses were also conducted with decoding fluency, listening comprehension, and their product as predictors (see Table 4). We could see that the result pattern was similar to that on decoding accuracy; the difference was that the contribution of decoding fluency was relatively weak when compared to decoding accuracy, since decoding fluency was only significant in the elementary group (the amount of unique contribution was 22.6%, which was similar to decoding accuracy). Again, the total variance explained was very low for the beginning and intermediate groups (especially low on the intermediate group since neither of the two predictors was significant), and the adjusted R2 on the advanced group jumped to 51.3%.



TABLE 4. Regressions on decoding fluency, listening comprehension, and their product.
[image: Table4]

In the next sets of analyses, we tested whether word segmentation and word-meaning access make extra contributions to reading comprehension over and above word decoding and listening comprehension.

We first constructed a full model (Model 1) of regression with all five variables (i.e., listening comprehension, decoding accuracy, decoding fluency, and word segmentation, and meaning access) as the predictors of reading comprehension for each group and used the function “step” to detect its best model (Model 2) with the lowest AIC from all possible models. The results are summarized in Table 5.



TABLE 5. Regressions on listening comprehension, decoding accuracy and fluency, word segmentation, and meaning access.
[image: Table5]

For the elementary group, no variable was significant in the full model (all ps > 0.1), and only meaning access was a reliable predictor of reading comprehension in the best model (p < 0.05). The explained variance was 21.3%, as shown in the value of the adjusted R2. For the intermediate group, again, only the variable of meaning access was significant in both the full model and the best model (ps < 0.001), but the explained variance jumped to 46.3%. A different pattern was observed in the advanced learners; both listening comprehension and word segmentation predicted reading comprehension in the full model (ps < 0.05) and in the best model (ps < 0.01). The two variables explained 61.5% of the variance in reading comprehension. In short, listening comprehension again predicted reading comprehension only when learners reached a high level of Chinese proficiency. More importantly, word decoding (accuracy or fluency) became no longer significant in any group when word segmentation and meaning access were added to the model, but the explained variance increased, especially in the intermediate group (46.3% vs. 12.7% or 1.8%).

Finally, we ran dominance analysis (DA) to directly assess the relative importance of the predictors of reading comprehension in each group. Multiple regression analysis allows researchers to explore relationships between predictors and outcome variable. However, it is difficult to interpret the importance of individual predictors when there is a high degree of multicollinearity between variables. DA is an extension of multiple regression developed by Budescu (1993), and it addresses the issue of highly correlated variables. DA relies on estimating an R2 value for all possible comparisons of predictors as they relate to a criterion (i.e., reading comprehension here). Among the three types of dominance, general dominance is achieved if a predictor’s additional contribution is greater across the average of all conditional values compared with the competitor predictor. The average contribution, which is calculated by averaging all contributions by possible combinations, as shown in Figure 1, defines general dominance.

[image: Figure 1]

FIGURE 1. The average contribution of each predictor at the three groups of learners.


For the elementary learners, the contribution of decoding accuracy and fluency, meaning access, and word segmentation was approximately 10% (7.8%–11.4%), and listening comprehension was only 1.8%. For the intermediate learners, coinciding with the above best-model analysis, meaning access turned up a bump contribution (34.3%), whereas the other four were relatively weak (approximately 5%–10% for decoding accuracy and word segmentation and less than 3% for decoding fluency and listening comprehension). For the advanced learners, both listening comprehension and word segmentation had contributions larger than 20% (20.8 and 22.3%, respectively), and decoding accuracy also contributed nearly 15%.




DISCUSSION

The present study tested whether word decoding and listening comprehension could predict the reading comprehension of adult learners of Chinese as a second language (CSL) under the SVR framework and explored their relative contributions across proficiency levels. We then extended the SVR by including measures of word-meaning access and word segmentation to better capture the characteristics of Chinese reading and examined their contributions over and above word decoding and listening comprehension. We discuss each of the main findings below.


Word Decoding and Listening Comprehension for Adult CSL Learners

First, we found that decoding accuracy made a significant contribution to reading comprehension across proficiency levels. This finding that decoding plays a role over a long period of time is consistent with what has been found in both native Chinese children (Joshi et al., 2012) and young CSL learners (Wong, 2017, 2019). Furthermore, our finding is in line with that from other deep orthographies, such as Hebrew and English (Joshi et al., 2012; Lonigan et al., 2018). For example, with a similar task to ours in a cross-sectional study, Joshi et al. (2012) observed that decoding accuracy in both the English and Chinese groups accounted for a significant amount of the variance of reading comprehension at both Grade 2 and Grade 4; however, the effect of decoding waned and became nonsignificant at Grade 3 for the Spanish group. After comparing the studies in English and those in other more transparent orthographies, Florit and Cain (2011) made a similar finding in a meta-analysis study, which indicated that decoding accuracy remained a strong influence even for Grade 5 readers in English, but its role in more transparent orthographies was relatively weak and lasted for a shorter period of development. Hence, researchers have proposed that the orthographic depth of the writing system regulates the relationship between decoding and reading comprehension (e.g., Florit and Cain, 2011). The skill of decoding can be acquired by the end of the first instruction year for the children in languages with transparent orthography (like Finnish), but the process in languages with a deep orthography, such as English, progresses at a slower rate (see Seymour et al., 2003). Unlike the alphabetic writing system, there is no grapheme-phoneme correspondence for Chinese characters at all; thus, Chinese native readers or CSL learners need to spend much time practicing to crack the code between orthography and phonology of Chinese characters during reading acquisition.

We also observed a significant contribution of decoding fluency only for the CSL beginning learners (Table 4). This pattern was similar to the finding for Chinese children in Joshi et al. (2012), which showed that decoding fluency had a significant role in Grade 2 but diminished to near zero in Grade 4. However, this pattern of decrease with grade differs from Yeung et al. (2016). In a longitudinal study on Chinese Hong Kong children, Yeung et al. (2016) found that text fluency had a stable contribution to passage reading comprehension in both Grades 1 and 3. We should note that the fluency index is passage text-based in Yeung et al. (2016), whereas that in Joshi et al. (2012) and in the present study is isolated character- or word-based, which may explain why we observed a different pattern from Yeung et al. (2016). Although both accuracy and fluency were recognized in the original SVR model (Hoover and Gough, 1990), most studies of the SVR have measured decoding in terms of accuracy only (Kirby and Savage, 2008), especially in those studies focusing on deep orthography. The results from studies of English are inconclusive about the role of decoding fluency, and a proposal has been made that for readers of English, decoding fluency might play an important role in later grades, as texts become more demanding (Aaron et al., 1999). The role of decoding fluency in Chinese reading comprehension needs further investigation, since few studies have focused on it.

In contrast to decoding fluency, we found that listening comprehension was steadily able to predict reading comprehension only in the advanced learners of CSL, even after including word segmentation and word-meaning access in the analysis, but not in the elementary or intermediate groups. The meta-analysis by Florit and Cain (2011) revealed a general developmental pattern across different orthographies in which the influence of listening comprehension on reading comprehension increased with reading proficiency. The role of listening comprehension increased with reading proficiency in our results, which echoes the general developmental pattern above and the findings in Joshi et al. (2012). It has long been acknowledged that when word reading becomes relatively efficient and automatic, a larger proportion of processing resources can be devoted to higher-level comprehension processes (e.g., Perfetti, 1985; Cunningham et al., 1990). This might explain why, in readers with several years of instruction, listening comprehension becomes a more important predictor of reading comprehension. However, the near zero effects of listening comprehension for both the beginning and intermediate CSL learners should be noted. On the one hand, this outcome reflects the orthographic influence, as has been emphasized in a meta-analysis study, in which decoding was more influential than listening comprehension for beginner readers in languages with a deep orthography, such as English (Florit and Cain, 2011). Readers of Chinese must devote more effort to process word recognition and leave fewer resources for comprehension, as we have discussed above. On the other hand, this outcome might be the result of a lack of language comprehension to help reading. Children typically have well-developed language comprehension skills before learning to read in their native languages, which helps them understand what they are reading even in the early stage of reading acquisition. In contrast, adult learners of CSL are usually exposed to spoken and written inputs around the same time, and their listening comprehension is not necessarily better than their reading comprehension (Koda, 2007, 2008; Melby-Lervag and Lervag, 2014); thus, reading comprehension may not benefit from listening comprehension. Indeed, our elementary and intermediate participants performed worse in the listening comprehension task than the reading comprehension task.

Finally, similar to the findings of the majority of this kind of research, the product of word decoding and listening comprehension in the current study failed to explain any additional variation of reading comprehension for any proficiency level of learners and hence lent support to the additive model rather than the multiplicative model (e.g., Tiu et al., 2003; Neuhaus et al., 2006; Conners, 2009; Georgiou et al., 2009).



Word Segmentation and Word-Meaning Access in Reading Comprehension

In addition to word decoding and listening comprehension, both word segmentation and meaning access were indeed able to predict reading comprehension of adult CSL learners. Furthermore, their contributions were modulated by language proficiency.

As mentioned in the Introduction, only two studies have investigated the process of word segmentation in the reading comprehension of CSL learners and their findings seemed inconsistent. Shen and Jiang (2013) explored this issue among beginners with approximately 1 year of Chinese course learning. Their results showed that word segmentation did not uniquely predict reading comprehension beyond character reading accuracy and fluency. In contrast, Yang (2021) observed that word segmentation was significant to reading comprehension after controlling for word reading fluency. Two key differences should be noted between the two studies. First, the participants in Yang (2021) were selected from students with 1–3 years of Chinese learning and they hence varied in different L2 proficiency levels, while only beginners were included in Shen and Jiang (2013). Second, Yang (2021) did not consider the influence of word accuracy. After controlling for both word accuracy and fluency as in Shen and Jiang (2013), our study only found an effect of word segmentation on the advanced group, not on the other two groups. This result suggests that the role of word segmentation in reading comprehension would change dynamically over L2 proficiency levels.

According to the interactive processing model proposed by Li et al. (2009), Chinese word segmentation can be modulated by both bottom-up (e.g., matching target items to mental lexicon; the combination of the meaning of constituent characters) and top-down (e.g., context constraints; background information) strategies. Empirically, studies have found that to finish the task of Chinese word segmentation, both beginning and advanced CSL learners predominantly employed bottom-up strategies, matching the target item to their existing mental lexicon, and advanced learners used more top-down contextual information than beginners (Shen, 2008). The differences in strategy might be reflected in the correlation coefficients between word segmentation and reading comprehension (Table 2), which showed that the correlation was higher in the advanced group.

The current study showed that visual word-meaning access significantly contributed to adult CSL learners’ reading comprehension, which is consistent with previous studies (Zhang and Yang, 2016; Zhang and Koda, 2018; Zhou, 2022). By using a similar task with a group of CSL learners with intermediate to advanced proficiency levels, Zhou (2022) found that Chinese word-meaning access had a strong predictive power for their Chinese reading comprehension after controlling for morphological awareness. The task we used tracks meaning retrieval from word orthography, as a type of written vocabulary knowledge. It should be noted that written vocabulary differs from oral vocabulary based on everyday conversation (Nagy and Townsend, 2012). Empirically, Zhang and Koda (2018) distinguished the two types of vocabulary in a study with a group of heritage Chinese language learners and found that both vocabulary types also differed in their roles in reading comprehension, indicating that only written vocabulary had a significant contribution to passage comprehension. They explained that the nature of oral vocabulary is conversational, casual, and informal, whereas reading comprehension typically requires linking visual vocabulary to abstract conceptual representations.

Although we did not find an impact of meaning access on the comprehension of advanced CSL learners, this does not imply that meaning access is not crucial for reading. According to the lexical quality hypothesis (LQH; Perfetti, 2007) and the decoding, vocabulary, and comprehension triangle (DVC; Perfetti, 2010), word meanings are central to both reading comprehension and word identification. Moreover, accessing word meanings from visual form is considered to be, compared to transparent orthographies, even more important and more efficient in Chinese reading based on the orthographic depth hypothesis (Katz and Frost, 1992) and the lexical processing model of Chinese reading (Zhou et al., 1999). On the one hand, we noticed that the correlation between meaning access and listening comprehension was high (r = 0.78) in the advanced group; on the other hand, the advanced learners possibly used more contextual information to help segment words, as discussed above (Shen, 2008). Hence, it might be that both listening comprehension and word segmentation obscured the role of word-meaning access in reading comprehension. More data and structural equation modeling (SEM) could provide more direct evidence in the future.



Chinese Reading Comprehension of Adult CSL Learners

Our results also showed that the role of word decoding was no longer significant once word-meaning access and word segmentation were also considered. This data pattern does not necessarily mean that word decoding has no effect on reading comprehension for adult CSL learners and it can be replaced by other variables (e.g., word-meaning access and word segmentation). Instead, word decoding may have an indirect effect on reading comprehension as the DVC model has indicated (Perfetti, 2010), and we tested this hypothesis with SEM as detailed below.

Due to the small sample, we tentatively tested the hypothesis of indirect effect with the method of partial least squares SEM by using the Smart-PLS software (Ringle et al., 2015). Bias-corrected and accelerated (BCa) bootstrapping with 5,000 subsamples was used to test the significance of the effect and to estimate the confidence interval. The model fit index of SRMR was good according to the criterion of 0.08 (elementary = 0.028, intermediate = 0.056). The results confirmed that word decoding had no direct effect on reading comprehension (ps > 0.1), but it showed a significant indirect effect mediated by meaning access on both elementary (effect = 0.332, t = 2.630, p < 0.01, 95% CIcorrected = [0.095, 0.598]) and intermediate groups (effect = 0.339, t = 3.331, p < 0.001, 95% CIcorrected = [0.152, 0.554]).

Hence, we outline the following trajectory of the development of reading acquisition. At the elementary Chinese level, learners are still exploring effective ways to decipher the mapping between Chinese orthography, phonology, and meaning. Due to the unreliability of the phonological route and learners’ poor listening comprehension, only word recognition based on meaning access has a limited role in reading comprehension; With the accumulation of Chinese characters and the growing awareness of the characteristics of Chinese characters, intermediate CSL learners gradually realize the importance of word-meaning access in Chinese reading, and there is a closer relationship between word-meaning activation and reading comprehension. At the advanced Chinese level, learners’ word reading strategies gradually mature, and word recognition becomes automatic, freeing up cognitive resources for word segmentation, and listening comprehension to play a role in the reading process. Whether such a developmental trajectory is reasonable remains to be confirmed by more experimental studies.



Implications and Limitations

Reading is a complex activity, especially for adult L2 learners with different orthographic L1 backgrounds. The findings highlight the role of subskills, including word decoding, word-meaning access, word segmentation, and listening comprehension, on CSL learners’ reading comprehension and provide practical implications for the learning and instruction of Chinese as a second language. First, word instruction should emphasize both reading aloud and meaning explanations from visual input to improve CSL learners’ lexical representation and ability to recognize Chinese visual words. According to LQH (Perfetti, 2007), high quality lexical representations allow for fast and accurate visual word recognition, which not only helps learners access the precise meaning of words but also frees up cognitive resources to practice higher-level comprehension skills—prediction, reasoning, integration, reflection, and other abilities- to finally improve their reading comprehension skills. With the improvement of reading comprehension skills, learners have more opportunities to be exposed to reading materials, showing the Matthew effect in the development of reading ability (Stanovich, 1986), and finally improving comprehensive skills in the Chinese second language. Second, to develop the students’ ability in word segmentation, repeated and alternated reading on both spaced and unspaced texts should be used, especially for the beginning learners. The spaced texts serve as a model for word segmentation and reading scaffolds (see Yang, 2021). The students then practiced their own word segmentation during rereading phases. Third, students should be taught discourse skills explicitly to improve their listening comprehension ability. The founders of the SVR believe that if written words are recognized, the processing involved in reading comprehension is the same as that involved in listening comprehension. Therefore, teaching in one modality may transfer to another modality. In fact, a recent study found that there is a two-way mutual promotion between reading comprehension and listening comprehension (Wong, 2019).

Admittedly, this study has some limitations. First, a larger sample size would be helpful to generalize our findings, and a sufficient number of L2 participants with the same L1 background will further purify our findings. Second, a single task was used in each measure, which may result in measurement errors. Future research can consider using latent variables in multiple tasks to reduce measurement errors. Third, although we extended decoding skills to broad word recognition with two other tasks, as proposed by Hoover and Tunmer (2018), we did not measure other skills related to word reading, such as metalinguistic awareness. In previous studies, these skills were found to predict reading comprehension (Tunmer and Chapman, 2012; Dong et al., 2020). This may also be one of the reasons why decoding and listening comprehension in our study have smaller contributions to elementary and intermediate CSL learners’ reading comprehension. Future research can integrate these basic language and cognitive skills into the framework of SVR to verify its applicability. Fourth, although our study carefully selected texts from the standardized Chinese proficiency test, we did not consider the influence of text features. In recent years, some studies have used linear mixed-effects models to investigate the influence of text features and readers’ cognitive skills and their interaction on reading comprehension (Francis et al., 2018; Wang et al., 2021). In future research, text characteristics should be incorporated into the SVR framework to better understand the complexity of reading comprehension (RAND Reading Study Group, 2002).




CONCLUSION

The current study found that word decoding and listening comprehension, two core cognitive skills in the framework of SVR, contributed to adult CSL learners’ reading comprehension, with the role of listening comprehension present only for relatively proficient learners. Furthermore, we extended the SVR by demonstrating the roles of word-meaning access and word segmentation in adult CSL learners’ reading comprehension by adding large proportion of explained variance in total and decreasing the contribution of word decoding when they acted as predictors. Taken together, the characteristics of language modulate the contributions of word decoding and listening comprehension to reading comprehension. These findings also have important practical implications for the instruction of second language. Specifically, educational activities designed to promote L2 learners’ reading comprehension should incorporate the cognitive processes that are specific to the target languages, in addition to word reading accuracy and fluency.
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There is controversy around whether presenting sub-character units such as radicals and strokes are beneficial to L2 Chinese learning. The present study explored the effects of radical markings (i.e., marked radicals with different colors) and stroke order animations on learning Chinese characters. Forty Chinese L2 learners with native alphabetic languages were divided into high-and low-level groups. They were first required to learn Chinese characters under four conditions either: (a) presented radical markings with stroke animations; (b) presented no radical markings with stroke animations; (c) presented radical markings without stroke animations; or (d) presented neither radical markings nor stroke animations. After learning, the participants were given character recognition and character-meaning matching tests. Results showed that the presentation of radical markings increased the participants’ reaction times in the character recognition test and decreased their recognition accuracy. Moreover, presenting stroke order animations also decreased the participants’ accuracy in recognizing characters. Beyond that, presenting radical markings and stroke order animations had no significant influence on character-meaning matching tests. These results indicate that providing radical and stroke information might interfere with character learning instead of facilitating character learning. The results suggest that excessive visual information introduced in the learning process may increase L2 learners’ cognition load. Also, the findings contribute to theoretical arguments about the analytic and holistic processing of Chinese characters and the pedagogical implications for teaching Chinese as a second language.

KEYWORDS
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Introduction

A crucial aspect of vocabulary acquisition in a foreign language is to establish the interconnection among the three lexical constituents of orthography, phonology and semantics to develop a high-quality lexical representation (Perfetti and Hart, 2001, 2002; Perfetti et al., 2005). However, it is not easy to build up the lexical representations of a new language because of the differences in languages and their writing systems. For instance, Chinese characters present a stark contrast to alphabetic systems and provide distinctive challenges to Chinese second language learners (L2 learners) from alphabetic language backgrounds (e.g., Everson, 1998). Differing from alphabetical scripts, Chinese characters are composed of strokes (e.g., “一” and “|” are the first two strokes of character “苛”) and radicals (e.g., “苛” is composed of the radical “艹” on the top and the radical “可” on the bottom) in a complex two-dimensional configuration. Strokes are incrementally combined in a specific order, and different radicals are combined according to certain constructions. The complex internal structure of Chinese characters not only makes it more difficult for L2 learners to learn Chinese characters but also raises the interesting question as to whether providing information on strokes and radicals in the instructional process will contribute to the recognition of Chinese characters by L2 learners. In addition to the visual complexity, the correspondence between Chinese orthography, phonology and semantics is also different from alphabetic languages. Chinese has no grapheme-phoneme-correspondence and has numerous homophones, which means a given syllable can map to many different characters and has a lot of meanings (e.g., the syllable/dian4/ means both electricity and store). This implies that the orthography-semantic connection is more important and reliable than the orthography-phonology connection (Perfetti et al., 2005). Therefore, it is crucial for L2 learners to establish a robust orthography-semantic connection to be skilled readers.

Although strokes and radicals are two functional sub-character units involved in the character processing of native Chinese speakers (e.g., Peng and Wang, 1997; Li et al., 2005), it has been controversial as to whether the knowledge of strokes and radicals is beneficial for L2 learners to develop orthographic representations of Chinese character and connections between orthography and semantics. This question has been discussed from the perspective of Chinese character processing, exploring whether L2 learners process the strokes and radicals of Chinese characters in character recognition. In other words, these studies explore whether L2 learners process characters analytically or holistically. Some studies have suggested that L2 learners recognize Chinese characters using a holistic processing strategy that utilizes the overall information of the characters without analytically processing the strokes and radicals of the characters (Liu, 1993, 2008; An and Shan, 2007; Xie, 2015). Liu (2008) investigated the influence of stroke number and type of radical configuration on the recognition of characters by L2 learners. She found that neither the differences in the number of strokes nor the differences in the ways of combining radicals affected learners’ performance in character recognition. In other words, learners are more likely to adopt a holistic processing approach during reading. Acquiring the holistic form of characters is sufficient for learners to recognize characters and perform reading tasks, while decomposing characters into strokes and radicals increases the complexity of recognizing characters and reading (Liu, 2008; Xie, 2015). In contrast, some studies have argued that strokes and radicals, as two basic functional units, are involved in character processing among L2 learners (Taft and Chung, 1999; You, 2003; Feng et al., 2005; Shen, 2005; Hao, 2007; Shen and Ke, 2007; Jiang et al., 2020). Examining the stroke-number effect (e.g., Jiang et al., 2020) and radical position effect (e.g., Feng et al., 2005; Hao, 2007) in character processing by L2 learners, these studies have provided evidence to support that L2 learners employ the information from strokes and radicals for bottom-up and analytical processing. Therefore, introducing knowledge of strokes and radicals may facilitate learning Chinese characters and contribute to L2 character recognition.

In addition, a few studies have considered whether the character recognition levels and proficiency influence the character processing strategies that L2 learners adopt (Ke, 1998; Xu, 2007, 2009).1 Some studies concluded that as learners become more proficient in reading Chinese, the contribution of characters’ holistic form becomes greater (Xie, 2015), while others argued that it is the ability to decompose characters that develop as learners’ proficiency improves (See Footnote 1; Xu, 2007, 2009). Xu (2007) divided the development of decomposition ability of L2 learners into three different stages: (1) Stage zero, whereby learners are not capable of decomposing the internal structure; (2) Stage of perceptual decomposition, whereby learners have preliminary knowledge of the spatial structure of characters and have the basic ability to decompose characters; (3) Stage of structural decomposition, whereby learners are able to decompose the internal structure of characters proficiently. This three-stage developmental process implies that the development of character representations for learners may go through a process from holistic to analytical processing. This is inconsistent with findings of studies in children, which generally assume that children process characters from an analytical approach to a holistic one as their reading skills develop (e.g., Su and Samuels, 2010). As there is limited experimental research on character processing and development of the character representation, it is still difficult to determine whether L2 learners process characters holistically and whether L2 character processing strategies are related to the character recognition levels or not. These are the questions addressed in the present study.

Another issue that cannot be neglected in second language instruction is the cognitive load on learners. From the cognitive load perspective, it is vital to be aware of the potential cognitive overload and distraction resulting from providing information about strokes and radicals during instruction. According to cognitive load theory (Sweller, 1993), learning effectiveness can be affected when new information exceeds the learner’s limited working memory capacity (Baddeley, 1992). In other words, working memory may be overloaded when learners are required to process excessive amounts of information from instructional materials at the same time (e.g., Kalyuga et al., 1999; Chung, 2007). In addition, the simultaneous availability of multiple kinds of information may also cause the split attention effect (Chandler and Sweller, 1991, 1992, Owens and Sweller, 2008), further increasing the working memory burden. When processing multiple elements of information at the same time, learners need to spread their attention to focus on every element. It is shown that the split attention effect often arises when the holistic information has multiple elements which are difficult to understand independently (e.g., Sweller et al., 1998; Chung, 2007). These kinds of elements are required to be integrated mentally. Although one of the characteristics of Chinese characters is that they can be decomposed and recombined (Liu, 1993), focusing only on the internal components does not allow for a proper understanding of the holistic characters. This implies that when multiple levels of information, such as strokes and radicals, are emphasized simultaneously during instruction, L2 learners may not only be required to spread their attention on each level of elements but also to mentally integrate the information to reach comprehension. The process of decomposing and recombining may increase the complexity of the learning task and the difficulty of the corresponding mental operations (Liu, 1993). In this case, the provision of stroke and radical information may become an external cognitive load, which is not beneficial to L2 Chinese character learning.

Chinese characters can be decomposed into different levels of strokes, radicals and holistic characters, each containing various information such as the number of strokes, stroke order, radical position, radical function, etc. This study focuses on information about the stroke order and the radicals of Chinese characters in the up–down/right–left configuration.

The stroke order refers to the sequence in which individual strokes appear when writing Chinese characters. The stroke order effect has been found in the studies of Chinese character recognition with native speakers (e.g., Huang, 1986; Flores and Arcais, 1994; Qiu and Zhou, 2010; Yu et al., 2011). Stroke order is a part of the mental lexicon of characters for Chinese native speakers (Flores and Arcais, 1994). However, the stroke order of characters is significantly more sophisticated than the alphabet letters, making learning the stroke order a demanding task for L2 learners. Moreover, it is controversial about the necessity of teaching stroke and stroke order to L2 learners (e.g., Cao et al., 2013a). In the pedagogy of Chinese character teaching, a common practice for teaching stroke order is writing, and the positive influence of writing on both L1 and L2 reading has been supported by existing research (e.g., Tan et al., 2005; Guan et al., 2011; Cao et al., 2013a, 2013b; Xu et al., 2020). However, writing is time-consuming and labor-intensive (Allen, 2008). Stroke order animation as an auxiliary teaching tool, therefore, has become an economical alternative (Jin, 2003, 2006; Zhu and Hong, 2005; Chang et al., 2015). Nonetheless, research findings on the effectiveness of presenting stroke order animation for learning characters remain insufficient and inconsistent (Lu et al., 1999; Zhu and Hong, 2005; Jin, 2006; Zhu et al., 2012; Hsiung et al., 2017). Zhu and Hong (2005) examined whether the stroke order animations in multimedia flashcards are beneficial to learning Chinese characters and found that stroke order animations interfered with Chinese character learning. They inferred that L2 learners were overwhelmed by the excessive visual input in the stroke order animations, which distracted their attention and interfered with the memorizing of Chinese characters.

In contrast, a few studies have suggested that stroke order animations facilitate developing the orthographic representations and connections among orthography, phonology and semantics (Ng and Wu, 1990; Xu et al., 2013; Chang et al., 2015). To examine this hypothesis, Xu et al. (2013) compared the effectiveness of writing, stroke order animation, and passive character reading. They found that the three different approaches in the learning phase contributed to different aspects of character learning. The results from the lexical decision task show that writing and stroke order animations are more effective than passive reading in facilitating character recognition. In addition, as demonstrated by the meaning-matching task, reading improves meaning recall, and stroke order animations are more beneficial than writing in remembering the meaning of characters. Xu et al. (2013) explained the results in terms of the trade-off effect of the different learning approaches. Writing and stroke order animation guided learners’ attention to the low-level visual features of the characters. Yet both approaches reduce the attentional resources that learners invest in orthography-semantics association at the same time. They also pointed out that the trade-off effect is mitigated to some extent by the stroke animation, which enhances the learners’ visual orthographic representation as effectively as writing and supports the orthography-semantics connection better than writing.

Chang et al. (2015) also demonstrated that stroke order animation contributes to the development of learners’ orthographic representations and the trade-off effect between the three lexical components of Chinese characters. In this experiment, Chang et al. (2015) recorded the behavioral and ERP responses of the participants while they were learning and performing the old/new judgment tasks (i.e., character recognition test) and form-meaning matching tasks. They required the participants to learn the characters in either a dynamic (i.e., stroke order animations where the character is presented stroke by stroke) or a static (i.e., the whole character is presented at once) condition. Their behavioral results showed that participants required longer reaction times to recognize characters learned in the static condition than stroke order animations. In other words, the static presentation was more beneficial for developing the orthographic representation of the characters. In addition, there were no significant differences between the two conditions in the form-meaning matching task. However, the results of ERPs told a different story. The dynamic stroke order animation induced a larger P300 than the static presentation in the learning phase, indicating that the presentation of stroke order animations more effectively drew the learners’ attention to the incremental changes of the characters’ form during the learning process. On the contrary, the effect of P300 was not found in the character recognition test. Moreover, the N400 effect was found only in the static condition in the form-meaning task, indicating that the learners established a better connection between the orthography and semantics in the static condition than in the dynamic stroke order animation. This further demonstrated that learners allocated their attentional resources to orthography and semantics differently in different learning conditions. However, in this study, there was a difference in the exposures of characters between the two learning conditions. Because the complete form of characters was missing while presenting the stroke order animation, the processing time for the whole characters differed in the two conditions. This may lead to a disadvantage for the stroke order animation condition as shown by the behavioral results in the character recognition test. Furthermore, it may also explain why the P300 effect of the stroke order animations was only found in the learning phase but not in the post-tests. In sum, the role of stroke order animation remains unclear in developing orthographic representations and strengthening the connection between orthography and semantics.

Another sub-character unit of Chinese characters is the radical. As with strokes, the argument that radicals are a functional unit involved in Chinese character processing is well supported by the evidence from native speakers (e.g., Feldman and Siok, 1997; Peng and Wang, 1997; Taft et al., 1999; Zhang and Sheng, 1999; Zhou and Zeng, 2003). Although, as mentioned above, some of the studies have tended to support the hypothesis that L2 learners process characters holistically a few studies have argued that radicals are the functional units in character processing by L2 Chinese learners, from the perspective of both the character processing (e.g., You, 2003; Feng et al., 2005; Hao, 2007) and the character learning (Shu and Anderson, 1997; Taft and Chung, 1999; Chang et al., 2014; Xu et al., 2014). Research in support of the facilitation of radicals for L2 character learning suggested that radicals have relatively integrated structural features as opposed to many and varied strokes. As a result, the radicals can integrate the information at the stroke level (Taft and Chung, 1999) as well as direct learners’ attention to the internal structure of the character to some extent (Cao et al., 2013a). For instance, Taft and Chung (1999) required four groups of participants to learn Chinese characters in four different radical presentation conditions to investigate whether presenting radical information is beneficial for learning characters. They found that providing information about radicals facilitated the performance of learning characters’ form and meaning. They also found that it was most effective to provide the learners with information about the radicals when the characters were first presented, as opposed to presenting radicals systematically before learning characters or presenting radicals after learning characters.

Likewise, Xu et al. (2014) employed a classroom-based design and between-subjects to examine the effect of presenting radicals on Chinese character learning. Furthermore, they took learners’ language proficiency into consideration. In this experiment, each half of the participants at the beginning and intermediate levels were assigned to learn in the radical-based grouping condition, namely, the characters in each learning set shared the same radical (e.g., “婚” wedding, “嫁” to marry, “媳” daughter-in-law, “娃” baby, are sharing the radical “女” which means “female”), and the remainder were learned in the distributed condition, in which the characters within the same learning set had different radicals. They found that learning in the radical-based grouping condition for beginning learners significantly improved their performance in meaning recall and their radical generalized awareness in the radical recognition test compared to learning in the distributed condition. Characters sharing the same radical were also semantically related, which explains the better meaning recall by the beginning learners. However, there was no significant difference between the two conditions for intermediate learners. From this, Xu et al. (2014) inferred that the intermediate-level learners may have already developed a metalinguistic awareness regarding the internal structure of Chinese characters, enabling them to automatically decompose characters into sub-character units such as radicals without the instruction of explicit radical markings. This interpretation is in line with Xu (2007) assumption that L2 learners’ character processing undergoes a developmental process from holistic to analytical. Similarly, manipulating the comparison between the radical-based groupings and distributed conditions, Chang et al. (2014) further included four learning approaches namely handwriting, visual chunking (unlike splitting characters into radicals, the characters are decomposed into multiple chunks, e.g., “烟” smoke is divided into three chunks of “火,” “口,” “大”), passive-reading and stroke-reporting to explore effective ways of supporting orthographic learning at the beginning stages. Their result showed the advantage of visual chunking over other learning approaches in the radical-based grouping, indicating that presenting radical information is helpful in drawing learners’ attention to the decomposed sub-character units and supporting their orthographic learning (Cao et al., 2013a; Chang et al., 2014).

Previous studies either focused on when to provide L2 learners with the radical information (Taft and Chung, 1999) or focus on whether the same radicals need to be summarized for learners or not (Chang et al., 2014; Xu et al., 2014). However, to our knowledge, no existing research has explored whether marking radicals with different colors, a common practice in teaching scenarios, contributes to L2 orthographic and semantic learning. Moreover, experimental evidence on the role of radical information on Chinese character learning is still scarce, and most of the relevant studies employed the between-subject design (e.g., Taft and Chung, 1999; Cao et al., 2013a; Xu et al., 2014), which may involve confounding variables from the individual learners. In addition, no study has included both the stroke order animations and radical markings, the two daily teaching practices, in the investigation.

In the present study, we simultaneously examine the influence of the stroke order animations and radical markings on Chinese character learning. When providing radical information, we separate the compound characters into two radicals of left and right or top and bottom and then mark the different radicals in red and blue, respectively (e.g., the character “苛” is divided into the radical “艹” on the top which is marked in red, and the radical “可” on the bottom which is marked in blue). When providing stroke order animations, we used a similar methodology to Chang et al. (2015). However, in order to balance the issues caused by different exposure levels to the complete character between the conditions with and without stroke animations in their study, we keep the whole character as a light grey background during stroke order animation presentation. In other words, the stroke order animation refers to presenting the character stroke by stroke against a light grey character background. A 2 (with or without radical markings) × 2 (with or without stroke order animations) × 2 (the character recognition levels: high or low) mixed experimental design is employed in the present study. We recruit L2 learners with alphabetic language backgrounds and divide them into high-and low-level groups. The learners are required to learn characters in the four different presentation modes, and then take the immediate and one-week delayed post-tests. There are two tasks in the post-tests. One is the character recognition test which examines the orthography learning outcomes. Another is the character-meaning matching test which evaluates the effect of associating the orthography and semantics. The present study not only provides new experimental evidence regarding the influence of sub-character units such as radicals and strokes on the L2 character acquisition and L2 character processing, but also offers inspiration for teaching and learning characters as a second language.



Materials and methods


Participants

Based on previous studies (Xu et al., 2013; Chang et al., 2014), forty L2 Chinese learners participated in the experiment. According to an informal interview, all participants met the following criteria: (1) having an alphabetic native language, (2) being either a native English speaker or a nearly native English speaker who has learned English and used it for more than eight years, (3) not coming from a family of Chinese heritage, (4) not having a learning or reading disability, (5) being right-handed, (6) possessing a normal or corrected-to-normal vision. All the participants are undergraduate and postgraduate students from Beijing Language and Culture University, Beijing Normal University and Beijing Foreign Studies University. They were learning and using Chinese daily when taking part in experiments. All participants were given informed consent before undertaking the experiment and reimbursed for their time. Ethical approval for the experiment was obtained from the Institutional Review Board of Beijing Language and Culture University.

The participants were divided into two groups based on their character recognition levels. Character recognition level was defined as the amounts of known characters of the L2 learners, which were measured by recognizing the given characters and writing down the corresponding Pinyin. To measure learners’ levels of Chinese character recognition, all the participants were given a character recognition test of 100 characters before the experiment. These characters for the character recognition test were selected from the Balanced Corpus of Modern Chinese from the State Language Commission of China.2 We sorted all the characters of Corpus by their frequency from highest to lowest. Then the 100 characters were randomly selected from the first 3,000 characters and sorted according to their character frequency. Participants were asked to write down as many of the given characters in Pinyin as possible. The scoring is in line with previous research (Jiang, 2003). The accuracy of the tone of the characters was not scored. For example, 1 point would be scored for writing down “shang” for the character “上.” They were then assigned to either high-or low-level groups according to the character recognition test results, with one half in the high-level group and the other half in the low-level group. Statistics show that there is significant difference on character recognition test scores [t (38) = −0.811, p < 0.001] between the high-level group (score range: 51 ~ 86, Mean = 62.1, SD = 10.72) and low-level group (score range: 13 ~ 49, M = 34.85, SD = 10.53). Apart from this, there were no significant differences between groups regarding genders (7 males and 13 females in each of the two groups) or ages (high-level group: 23 ~ 30, Mean = 23, SD = 3; low-level group: 23 ~ 29, Mean = 23, SD = 3.03; t (38) = 0.11, p = 0.91 > 0.10).



Materials

One hundred and twenty low-frequency (Character frequency: Mean = 2.81/million, SD = 3.25) Chinese characters were selected and translated into English as learning materials. The characters were selected from the Balanced Corpus of Modern Chinese from the State Language Commission of China.3 Half of the target characters had a left–right structural configuration (e.g., 淳) and the other half had an up-down configuration (e.g., 苛). To ensure the participants did not know the target characters before the learning phase, ten L2 learners were asked to rate the familiarity of the 120 characters on a 5-point scale, with “1” referring to very unfamiliar and “5” to very familiar, from 1 to 5, indicating a gradually increasing familiarity with the character. All these learners were from alphabetic language backgrounds and have high character recognition test scores (M = 72.7, SD = 12.1). The rating result showed that the familiarity of all target characters is 2 or below (M = 1.4, SD = 0.31).

The key manipulation of the learning materials is the four different presentation modes of target Chinese characters. We used Microsoft Word and PowerPoint to create radical markings and stroke animations. The radical markings refer to the two radicals of the characters displayed in red and blue, respectively, while stroke animations indicate that the characters are presented stroke by stroke in the writing order against a light grey character background. In the learning phase, the characters were presented in four different kinds of presentation modes, either: (a) presented radical markings with stroke animations; (b) presented no radical markings with stroke animations; (c) presented radical markings without stroke animations; or (d) presented neither radical markings nor stroke animations. Figure 1 provides an example of the four different presentation conditions of the same character. All participants experienced all four learning conditions. A Latin square was used to counterbalance the learning conditions across participants.
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FIGURE 1
 Provides an example of the four different presentation modes of the same character and the learning procedure. The four different presentation conditions are: (A) presented radical markings with stroke animations; (B) presented no radical markings with stroke animations; (C) presented radical markings without stroke animations; or (D) neither presented radical markings nor stroke animations.


The experiment consisted of a pre-test and two different kinds of post-tests, namely a character recognition and character-meaning matching test. The pre-test includes 40 high-frequency characters as fillers in addition to the 120 target learning characters to prevent participants from developing a response strategy. Apart from the 120 target characters that had already been presented in the learning phase, 120 low-frequency characters that had not appeared in the learning phrase were added to the character recognition post-test as distractors. The distractors were selected from the same Corpus as the target materials. We matched the character frequency (targets: Mean = 2.81/million, SD = 3.25; distractors: Mean = 2.8/million, SD = 3.38) and the stroke numbers (targets: range = 5 ~ 14, Mean = 9.57, SD = 2.22; distractors: range = 5 ~ 14, Mean = 9.23, SD = 2.12). Statistical results show that there is no significant difference in either character frequency [t (238) =0.04, p = 0.97] or the stroke numbers [t (238) =1.22, p = 0.23] between the targets and the distractors. In addition, identical to the target characters, half of the distractors have a left–right structural configuration, and the other half had an up-down configuration. The participants were asked to determine whether the character had been learned or not. In the character-meaning matching test, each character corresponds to a pair of English interpretations, one of which is the correct translation of the character and the other from the meaning of another character.



Procedures

The entire experimental procedure consisted of a character recognition test, a pre-test, a learning phase, an immediate post-test and a one-week delayed post-test. The procedure for each phase is specified below.


Character recognition test

Participants were given a paper and pencil test in which they were asked to write down as many of the given characters in Pinyin as possible without being timed.



Pre-test

To further confirm that the participants did not recognize the target characters to be learned, we conducted a pre-test before the learning phase, whereby we asked the participants to read the recognized characters aloud. Characters that participants were able to read prior to learning would be excluded from the data analysis.



Learning phase

The participants were instructed to learn the characters by following the presentation modes on the screen and remembering the characters and their English translation. Each character learning trial proceeded as follows: a 500 ms fixation, a blank for 500 ms, a target character presented for 1,000 ms, another blank for 500 ms, and a presentation of the character according to different conditions (the presentation duration of characters is equivalent in the four conditions with each stroke presented for 500 ms in the stroke order animation condition), a blank for 500 ms, the target character presented again for 1,000 ms, another 500 ms blank, presentation of the character’s English translation for 1,000 ms followed by a final 500 ms blank. At the end of a trial, an eye image was displayed, and the participants were instructed to press the “space bar” to continue. Figure 1 provides the learning procedure for the same character under the 4 conditions. Each one of the four conditions was presented in a block. 30 characters randomly present in each condition block. Before the beginning of each block, there was a practice character to familiarize the participants with the presentation mode and the experimental procedure. The participants experienced all four conditions, and the sequence of learning conditions was counterbalanced. 120 characters are learned three times in three separate blocks, each containing four conditions. Learning blocks were separated by a short break.



Immediate and delayed post-test

The experimental procedures for the immediate and one-week delayed post-tests both contain a character recognition test (Figure 2) and a character-meaning matching test (Figure 3). In the character recognition test, a fixation was presented for 500 ms, and then a blank screen for 500 ms, a character was then presented on the center of the screen. The participants were instructed to judge whether the character had been presented in the learning phase as quickly and accurately as possible. In the character-meaning test, a fixation was presented for 500 ms followed by a 500 ms blank screen, then a character was presented for 1,000 ms. After another 500 ms blank screen, two English words was showed on the screen and are separated by a vertical line. The participants were then required to decide which English word was the correct translation of the presented character as quickly and accurately as possible.
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FIGURE 2
 Provides the procedure for the Chinese recognition test. Participants were instructed to judge whether the character has been presented in the learning phase as quickly and accurately as possible.


[image: Figure 3]

FIGURE 3
 Provides the procedure for the character-meaning matching test. Participants were instructed to decide which English word was the correct translation of the presented character as quickly and accurately as possible.


All the computerized procedures were programmed and carried out on E-Prime software.





Results

Tables 1 and 2, respectively, present the descriptive statistics of the accuracy and reaction times of the two groups of participants under the four different character presentation conditions in the immediate test. Tables 3 and 4 present the descriptive statistics in the delayed tests. For each participant, characters that the participant knew before attending the experiment were excluded from the data analysis based on the results of the pre-test (0.15%). The repeated-measures ANOVAs were conducted on the analysis of the reaction time and accuracy in both the immediate and delayed tests.



TABLE 1 Mean accuracy (%) and standard deviation (in parentheses) of the immediate post-test.
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TABLE 2 Mean reaction times (ms) and standard deviation (in parentheses) of the immediate post-test.
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TABLE 3 Mean accuracy (%) and standard deviation (in parentheses) of the one-week delayed post-test.
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TABLE 4 Mean reaction times (ms) and standard deviation (in parentheses) of the one-week delayed post-test.
[image: Table4]

In the immediate test, trials with incorrect responses and trials with reaction times less or greater than 3 standard deviations were rejected from the analysis of reaction time (15.1% in the character recognition test and 14.27% in the character-meaning matching test). Results of the analysis of the reaction times showed a significant main effect of radical markings [F (1, 38) = 11.547, p = 0.002, MSE = 35563.153, ηp2 = 0.233] in the character recognition test. The presentation of radical markings significantly increased reaction time for learners to recognize characters compared to the presentation of characters without radical markings. In addition, we found that character recognition levels have a significant main effect with the participants in the low-level group having longer recognition times than those in the high-level group [F (1, 38) = 9.677, p = 0.004, MSE = 1000798.961, ηp2 = 0.203]. Apart from these, no other significant main effects or interactions were found in either the character recognition or character-matching tests on the analysis of reaction time (ps > 0.05).

ANOVAs on mean accuracy showed a significant main effect of stroke animation [F (1, 38) = 4.192, p = 0.048, MSE = 0.014, ηp2 = 0.093] in the character recognition test. The presentation of stroke animation significantly decreased recognition accuracy for learners compared to the presentation of characters without stroke animation. Additionally, the significant main effects of radical markings [F (1, 38) = 12.507, p = 0.0001, MSE = 0.026, ηp2 = 0.248] revealed that presenting the radical markings decreased the participants’ accuracy in the character recognition test, compared to not presenting the radical markings. Apart from these, the analysis of accuracy did not show other main effects or interactions in either the character recognition or character-meaning matching tests (ps > 0.05).

In the one-week delayed test, we applied the same criteria for data exclusion as in the immediate test. Trials with incorrect responses and reaction times less or greater than 3 standard deviations were rejected from the analysis of reaction times (35.73% in the character recognition test and 25.42% in the character-meaning matching test). ANOVAs performed on reaction times and accuracy showed no significant effect in either character recognition or character-meaning tests (ps > 0.05).4



Discussion

The present study includes both radical markings and stroke order animations as within-subject variables to explore their effects on developing the character orthographic representations and the orthography-semantics connections for L2 learners at the different character recognition levels. In the immediate post-test, we found that participants in the high-level group had shorter reaction times than those in the low-level group in the character recognition test. In addition, the critical findings are, surprisingly, that participants had shorter reaction times and higher accuracy when recognizing characters that were learned without radical markings than those learned with radical markings. Moreover, the participants were more likely to correctly recognize the characters learned without stroke order animations than those learned with stroke order animations. These results suggest that providing learners with radical markings and stroke order animations fails to facilitate learning characters for L2 learners, but may instead interfere with their character learning, especially with respect to acquiring the orthography representations of characters. Apart from the above, we did not find significant differences resulting from the presence or absence of radical markings and stroke order animations in the character-meaning matching tests. Given that the stroke order animations and radical markings used in the present study are not only common practices in L2 Chinese instruction, but also the common ways of presenting characters in some multimedia self-learning software (e.g., Chen et al., 2013; Chang et al., 2015), their negative effect deserves more attention in both experimental studies and pedagogical discussion.

Consistent with our results, the interference effect of providing the information of stroke orders has been found in previous studies (e.g., Zhu and Hong, 2005; An and Shan, 2007; Hsiung et al., 2017). For instance, Hsiung et al. (2017) found that stroke order animations were insufficient to improve the effectiveness of character recognition or meaning learning for L2 learners. Unlike character processing by native speakers, the stroke order animations probably do not play a role in the L2 learners’ mental lexicon of characters. The existing studies have found the stroke order effect in native speakers’ character processing (e.g., Huang, 1986; Flores and Arcais, 1994; Qiu and Zhou, 2010). They suggested that this effect could be attributed to the fact that native speakers consistently write characters following the stroke order. Thus, the stroke order information becomes a kind of sensory-motor memory derived from writing (Longcamp et al., 2003; Cao et al., 2013a) and then stored in native speakers’ orthographic representations of characters. On the contrary, L2 learners lack the long-term experience of writing characters in stroke order. As a result, the stroke order cannot become a part of their mental representations after a short period of visual learning. In addition, the presentation of stroke order animations does not involve sensory-motor memory. It in turn cannot provide sensor-motor information to facilitate the development of their orthographic representations of characters. Therefore, presenting learners with stroke order animations may not be able to facilitate learning Chinese characters, but instead increases the complexity of the learning task.

Furthermore, another reason for the negative effects of the stroke order animations may arise from the overload of cognitive load and the splitting of attention. In the study conducted by Zhu and Hong (2005), stroke order animations in flashcards produced a split-attention effect on L2 learners’ character memorization. That is, because the available attentional resources in each sensory channel are limited, the interference effect of stroke order animations may be attributed to the redundant visual information introduced by the animations (Zhu and Hong, 2005; Zhu et al., 2012). Our experiment presented the stroke order animations whilst simultaneously displaying the complete characters as background. This design balanced the difference in the amount of the holistic character exposures between the conditions presented with and without stroke order animations (Chang et al., 2015). However, it may have also resulted in overwhelming participants with too much visual information and therefore distracted learners’ attention from learning the forms of characters.

As with the stroke order animation, the interference by excessive visual information may also appear in the radical markings. The negative effect of presenting radicals in our findings is inconsistent with some previous studies (e.g., Taft and Chung, 1999; Chang et al., 2014; Xu et al., 2014). A possible reason is that the method we used to present the radical information is different from previous studies. Instead of presenting radicals at the different stages of character learning (Taft and Chung, 1999) or presenting by radical-based grouping (Chang et al., 2014; Xu et al., 2014), we used different colors to mark radicals and presented them throughout the learning process. The colors are designed to direct learners’ visual attention to the internal structure of the characters. However, colors may have also produced a negative impact as an additional distracting factor. The complex visual information may have forced participants to add a process for matching radicals to the colors, causing the split attention effect. Consequently, it leads to a negative impact on learners’ character learning.

Both the stroke order animations and the radical markings required L2 learners to decompose and recombine Chinese characters. The negative results from the process of decomposition and combination are consistent with Liu (1993) study. Liu (1993) suggested that decomposing the radicals during L2 instruction increases the complexity of the learning task and the corresponding difficulty of the mental operations. In our experiments, stroke order animations and radical markers are presented to direct learners’ attention to decomposing characters. However, the characters ultimately need to be understood as a holistic unit by L2 learners. When multiple elements of a Chinese character are presented simultaneously during instruction, the splitting attention effect may be increased as these elements are difficult to understand independently and need to be integrated mentally to reach comprehension (Sweller et al., 1998). This process of decomposing and combining may lead to longer reaction times and lower accuracy in our results.

In addition, from the perspective of L2 learners’ encoding and processing strategies, the character recognition task may only require learners to acquire and apply the holistic information of characters (Liu, 2008; Xie, 2015). In our experiment, L2 learners’ best performance was achieved under the condition that neither stroke order animation nor radical marking was presented. This possibly can be explained by the encoding specificity principle (Tulving and Thomson, 1973). According to the encoding specificity principle (Tulving and Thomson, 1973), it would be easier to retrieve the learned information if the testing approach matched the encoding format. In our character recognition test, we presented the characters in the same way as in the condition without the stroke order animations and radical markings. Thus, the best memory performance was obtained by memorizing characters in the manner closest to the test approach, as it helped to retrieve information in the same context as the test approach.

Moreover, our results tend to support the theoretical argument that L2 learners adopt a strategy of holistic processing when recognizing Chinese characters rather than analyzing the strokes and radicals (e.g., Liu, 1993, 2008; An and Shan, 2007; Xie, 2015). Research regarding L2 character processing suggests that L2 learners adopt a holistic processing strategy to recognize characters, especially when performing the simple character recognition task (Liu, 2008). In our character recognition test, we asked participants to identify whether the characters have been learned in the experiment or not. Participants were likely to have been able to recognize characters based only on their familiarity with the holistic form of the characters. Previous studies have investigated learners’ strategies for character learning and found that the most common strategy used by learners was to memorize the holistic form of the characters and then make connections between the holistic character form and the existing schema in the brain to enhance memorization (Jiang and Zhao, 2001). This strategy can also be observed in the common writing errors of L2 learners e.g.,(Gao, 2001; Jiang and Liu, 2004). There is a large proportion of writing errors caused by missing strokes and incorrectly written radicals (Gao, 2001; Jiang and Liu, 2004). In this case, emphasizing the information of radicals and stroke orders may not be beneficial for learners, but instead may result in the interference effect on their orthographic learning of holistic characters that we found in the present study.

Some studies of L2 character processing have suggested that learners of different language proficiencies have different approaches for processing Chinese characters (e.g., See Footnote 1; Xu, 2007, 2009). According to the three-stage developmental theory proposed by Xu (2007), we should expect that the stroke order animations and radical markings would have different effects on the two groups of learners with different character recognition levels. Although we found a significant difference in reaction times between the high-and low-level groups regarding recognizing characters, we did not find any interaction among the stroke order animations, radical markings and character recognition levels. A possible reason is that after studying the characters three times, both the high-and low-level groups achieved a great learning effect for the target characters (in the character recognition test, the accuracy was higher than 80% under all presentation conditions). This question regarding the effect of character recognition levels on L2 character processing is worth exploring in more depth in future studies.

Another interesting question is the influences of stroke order animations and radical markings on semantic learning. That is, whether the manipulation of orthographic information affects the connections between orthography and semantics in L2 character learning. Previous studies have found that, for L2 learners, presenting the complete form of characters is better for learning the meaning of characters than emphasizing the information of sub-character units (Xu et al., 2013; Chang et al., 2015). Based on the lexical constituent model (Perfetti and Hart, 2002; Perfetti, 2007), they explained these results as a trade-off effect between the lexical constituents of orthography and semantics (Xu et al., 2013; Chang et al., 2015). In other words, the emphasis on orthographic information in the learning phase yields the advantage of orthographic learning, but reduces the cognitive resources for semantic learning simultaneously, thus affecting the establishment of linking orthography and semantics (Chang et al., 2015). However, according to the character-meaning matching test, we did not find any significant effect due to stroke order animations and radical markings on semantic learning. This may be attributed to our test approach. Chang et al. (2015) required participants to make yes-no judgments about the English meaning of the characters. In contrast to their testing approach, participants were asked to select the correct English meaning out of two in our character-meaning matching test. Also, both English meanings were taken from the learning target material. Thus, participants could have adopted various strategies, for example, the exclusion strategy, to make choices without necessarily correctly establishing form-meaning associations. This simple test approach may have to a certain extent prevented us from observing the effect of stroke order animations and radical markings on the character-meaning matching test. Future research may need to revise and improve the test to explore the effects of the stroke order animations and radical markings on learning character meanings.

The present study shows that learning characters’ orthography under the conditions of presenting stroke order animations and radical markings was less effective. In terms of pedagogical implications, does this mean we should abandon these approaches in L2 Chinese character instruction or place less emphasis on the internal structural information of Chinese characters? We consider the negative effects worthy of concern, but it may be reckless to abandon these teaching methods. Instruction in stroke order and radical differentiation may not facilitate rapid recognition of Chinese characters but may benefit other aspects of Chinese character learning, which were not apparent in our character-recognition task. For example, Tong and Yip (2015) have found that L2 learners encode orthographic, phonological, and semantic information of radicals during processing, and that the development of radical sensitivity and generalization skills contribute to the reading skills of L2 learners. A sensible solution is categorizing the characters required to be learned according to different teaching objectives, such as elementary recognition and mastery of orthography, phonology, and semantics. For characters categorized in the teaching objectives of elementary recognition, it may be better to introduce less information about the internal structure of the characters, such as stroke order and radical position. Instead, it may be beneficial to help L2 learners become familiar with these characters through multiple presentations of holistic characters.

Moreover, the negative effects of stroke order animations and radical markings in the present study may also be attributed to cognitive overload. This raises considerations about the external cognitive load of instructional design. Chinese character is an entirely different writing system for learners from alphabetic script backgrounds. L2 learners may inherently experience a considerable cognitive load in learning and processing the newly learned Chinese characters. Therefore, when designing Chinese character instructional materials or multimedia learning software, the cognitive load of L2 learners should be thoroughly considered. For instance, it is necessary to consider that visually presenting multiple information simultaneously may lead to split attention because of the limited cognitive resources in a single modality (Mayer and Moreno, 1998; Zhu and Hong, 2005; Zhu et al., 2012). How do we minimize the external cognitive load of instructional materials and learning software while at the same time effectively guiding learners to decompose and combine the internal structures of Chinese characters such as strokes and radicals? This is an important question that warrants exploration by both second language acquisition researchers and teachers.

In addition, there is another reason why it is too early to say that we should abandon these teaching practices. That is, the positive effects of stroke order animation and radicals may have occurred during the learning process but were not revealed in our post-test results. The learning of strokes and radicals could be a mediating process to improve the character recognition and the overall character recognition levels of L2 learners. In the present study, we measured the learning outcomes for orthography and semantics via two different tasks in post-tests. Although both stoke order animations and radical markings show negative effects in the character-recognition test, it is still possible that they play a role in supporting L2 learners to move from analytical to holistic processes and improve their character recognition levels. Our experiments could not provide evidence for this question because the behavioral measures such as reaction times and accuracy only provide information after the character processing is complete. The study conducted by Chang et al. (2015) have provided insightful inspiration. They used ERP to explore the role of stroke order animations in the character learning phase. Their behavioral results were consistent with the present study, showing that stroke order animations negatively affected character recognition. However, their ERP results showed that the condition with stroke order animations induced a greater P300 amplitude than the presentation without stroke order animations during the learning phase. P300 reflects the mental representation updating process driven by attention (Donchin, 1981), implying that L2 learners allocated more attentional resources to process characters under the guidance of stroke order animations during the learning phase. ERP has high temporal resolution and enables real-time recording during language processing (Chang et al., 2015). This technique is a powerful tool which can be utilized by researchers to explore the L2 character learning processes further. Moreover, it will contribute to the investigation of the underlying mechanisms of L2 character learning and processing and the mediating process of sub-character unit information in the learning process. In future studies, we will apply ERP to explore further the influences of stroke order animations and radical markings on L2 character learning.



Conclusion

In this study, we used stroke order animations and radical markings for emphasizing orthographic information in sub-character units and explored their effects on L2 character learning. We found that the presentation of the stroke order animations and radical markings during the learning phase had a negative effect on L2 character recognition. These results may be due to the additional load of the visual information from the stroke order animations and radical markings. Additionally, these results may reflect the holistic processing strategy adopted by L2 learners. This study provides theoretical contributions for L2 character acquisition and pedagogical implications for L2 Chinese character instruction.
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Footnotes

1Ke, C. (1996). A model for Chinese Orthographic Awareness. Unpublished manuscript.

2http://corpus.zhonghuayuwen.org/

3http://corpus.zhonghuayuwen.org/

4We further included the testing time as a factor in the ANOVAs and analyzed the reaction time and mean accuracy of the Chinese character recognition test. The results of a repeated measures ANOVA on reaction times show that there are significant main effects of radical markings [F (1, 38) = 12.53, p = 0.001, ηp2 = 0.25] and testing time [F (1, 38) = 6.87, p = 0.013, ηp2 = 0.153]. These results are consistent with the previous results of running two models. The statistical results of mean accuracy revealed a significant main effect of radical markings [F (1, 38) = 9.45, p = 0.004, ηp2 = 0.20], a marginally significant main effect of stroke order animations [F (1, 38) = 3.27, p = 0.079, ηp2 = 0.08] and a significant main effect of testing time [F (1, 38) = 106.04, p < 0.001, ηp2 = 0.74]. In addition, there is no significant interaction between different character presentation modes and the testing time, which means that the influence of different presentations of Chinese characters on maintenance effects could not be reflected in the present study.
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Unlike English, Chinese does not have interword spacing in written texts, which poses difficulties for Chinese-as-a-second-language (CSL) learners’ identification of word boundaries and affects their reading comprehension and vocabulary acquisition. The eye-movement literature has suggested that interword spacing is important in alphabetic languages; examining languages that lack interword spaces such as Chinese, thus, may help to inform theoretical accounts of eye-movement control and word identification during reading. Research investigating the interword spacing effect in reading Chinese showed that adding spacing facilitated CSL learners’ reading comprehension and speed as well as vocabulary learning. However, the bulk of this research mainly looked at the learning outcomes (off-line measures), with few studies focusing on L2 learners’ reading processes. Building on this background, this study seeks to provide a descriptive perspective of the eye movements of CSL learners. In this study, 24 CSL learners with intermediate Chinese proficiency were recruited as the experimental group, and 20 Chinese native speakers were recruited as the control group. The EyeLink 1,000 eye tracker was used to record their reading of four segmentation conditions of Chinese texts, namely, no space condition, word-spaced condition, non-word-spaced condition, and pinyin-spaced condition. Results show that: (1) CSL learners with intermediate Chinese proficiency generally spent less time reading Chinese texts with spaces between words, and they showed more gazes and regressions when reading texts without spaces; (2) Non-word-spaced texts and Pinyin-spaced texts interfere with CSL learners’ reading process; and (3) Intermediate CSL learners show consistent eye movement patterns in the normal no-space condition and word-spaced condition. I conclude that word boundary information can effectively guide CSL learners’ eye movement behaviors and eye saccade planning, thus improving reading efficiency.

KEYWORDS
 interword spacing, eye movements, Chinese as a second language, L2 reading, psycholinguistics and education


Introduction

Learning to read a second language (L2) that is orthographically different from the native language (e.g., native speakers of an European language learning to read Chinese) is challenging. There are three distinct characteristics in the Chinese writing system that make it different from European languages. First, Chinese is a character-based language in which characters occupy the same amount of space in written texts but differ in visual and linguistic complexity (Shen et al., 2012). The majority (approximately 70%) of Chinese words are comprised of two characters, and only a small portion of Chinese words are formed by a single character (approximately 20%) or by three or more characters (approximately 10%; Modern Chinese Frequency Dictionary, 1986). Secondly, there are many homophones in Chinese. In other words, many characters share the same pronunciation but vary in visual forms and meanings. Thirdly, there is no visible interword spacing between words. The lack of spaces between words sometimes poses great difficulties for non-native readers of Chinese because it is difficult to locate the word boundaries given the varying number of characters in Chinese words (Everson, 1986; Bassetti, 2009; Yao, 2011; Blythe et al., 2012; Bai et al., 2013). This characteristic of Chinese, therefore, lends itself to investigating how people read a language that has no spaces between words.

The past few decades have seen a considerable number of studies examining readers’ eye movements when reading alphabetic languages (Rayner, 1979; Epelboim et al., 1994; Rayner and Pollatsek, 1996; Rayner et al., 1998; Perea and Acha, 2009). The main question that these studies have sought to answer is where readers send their eyes while reading and what guides their eye movements.

In terms of the locations where readers send their eyes during reading, Rayner (1979) defined the “preferred viewing location” (PVL) as the locations in a word where the eyes prefer to land while reading and the “optimal viewing position” (OVP) as the initial landing site in a word that results in the shortest gaze durations and fewest refixations. The existence of a PVL has been confirmed in English (Rayner and Pollatsek, 1996; Rayner et al., 1998). Although linguistic factors have been shown to affect a variety of eye movement measures, the fact that the landing sites of the eyes display systematic, word-based patterns suggests that the selection of saccade targets is based on the information of word boundaries, which is provided by the visually salient spaces between words (Rayner, 1998; Rayner et al., 1998). Several studies have shown that removing the interword spaces from alphabetic languages disrupts eye movements (e.g., decreased reading rate and different PVL patterns) and word identification (Rayner and Pollatsek, 1996; Rayner, 1998; Rayner et al., 1998; Perea and Acha, 2009). What can be suggested by these studies is that visible word boundaries may play an important role in helping guide readers’ eye movements during reading. Correspondingly, it may be logical to hypothesize that adding interword spacing to naturally unspaced texts, such as Chinese, may facilitate reading. In particular, this facilitative effect may be more evident for L2 learners of an unspaced language whose native languages are written with interword spacing (e.g., Winskel et al., 2009).

There have been long-held debates on whether interword spacing should be introduced in Chinese written texts, especially in language teaching materials for Chinese learners. While young children and adult L2 learners of Chinese are taught how to read with unspaced texts immediately from the beginning, some parents and teachers have noticed learners’ difficulties with word segmentation and word recognition. Proponents for adding interword spacing, thus, hold that adding interword spacing may make the word boundaries salient for young children and adult L2 learners of Chinese, and thus help them better segment Chinese words, and facilitate their vocabulary learning and reading comprehension (Zhang, 1998). Anecdotal evidence also shows that some L2 learners of Chinese adopt a strategy of manually segmenting words by putting slashes between words when reading Chinese texts. However, others argue that segmenting Chinese words is a linguistically complex task due to a lack of consistent conventions (i.e., of what constitutes a word), which might cause confusion (Yang, 2006; Bassetti, 2009). Building on this background, it is hoped that the results from the current study could contribute to the theoretical and practical aspects of reading a non-alphabetic, character-based language and provide implications for the field of teaching Chinese as a second language (CSL).


Reading spaced and unspaced texts

A large body of research investigating eye movements when reading naturally unspaced texts has been conducted in Thai, Japanese, and Chinese. For example, in an eye movement study, Kohsom and Gobet (1997) found that when reading Thai, native speakers’ reading rate is actually faster when spaces are artificially added to identify word boundaries. Winskel et al. (2009) also reported facilitative effect of interword spacing on reading speed and word recognition in Thai, but not the landing sites. Kasisopa et al. (2013) further found that Thai readers, as readers of spaced texts, tended to land their eyes near the word center, dependent upon the frequency of word boundary characters.

In terms of Japanese, Kajii et al. (2001) examined the landing-site distributions of the eyes during natural reading of Japanese scripts. Their results showed a clear preference for the eyes to land at the beginning rather than the center of the word, unlike in English. Further analysis for two- and three-character words indicated that the different landing-site distributions of the eye depend on the types of characters in the word. Specifically, the eyes prefer to land at the beginning of the word only when the initial character of the word is a Kanji character (i.e., Chinese). Sainio et al. (2007) also examined the role of interword spacing in reading Japanese. They found that interword spacing facilitated both word identification and eye guidance when reading a syllabic script (Hiragana), but not when the script contained ideographic characters (Kanji-Hiragana). They argued that in reading Hiragana, interword spacing serves as a segmentation cue, whereas spacing information in mixed Kanji-Hiragana texts is redundant because the Kanji characters are already visually salient by themselves and can serve as an effective segmentation cue. These findings suggested that salient demarcation of word boundaries is important in guiding readers’ eye movements during reading.

Results from studies in Chinese are somewhat less clear, and the main disagreement concerns whether eye movements are guided by characters or words (Liversedge et al., 2013). Yang and McConkie (1999), for instance, did not find a PVL for Chinese, as shown by quite evenly distributed eye fixations when reading unspaced text, and no word-based pattern of landing sites for the initial fixation location. Tsai and McConkie (2003) also proposed that eye guidance in reading Chinese is based on characters rather than words. However, more recently, contradictory findings have emerged. Yan et al. (2006) found an interaction effect between the frequency of the initial character in a word and the whole-word frequency, with word frequency modulating the effects of character frequency on total viewing times. This was taken as evidence of the words overriding individual characters. Consistent with this view, Rayner et al. (2007) simulated the eye movement behaviors of Chinese readers with the E-Z Reader model and confirmed that words were the unit of processing. In another study, Yan et al. (2010) examined whether Chinese readers first land their eyes at the word center or word beginning. Results showed that Chinese readers tended to land their eyes at the word center in single-fixation cases and at word beginning in multiple-fixation cases. The authors argued that readers of Chinese land their eyes on the word center if they successfully identify the word boundaries in parafoveal vision and on the word beginning if the segmentation failed. Findings from Li et al. (2011) also replicated these results. However, they did not take these findings as evidence for word-based saccade targeting in reading Chinese texts; alternatively, they propose that eye movement planning for Chinese readers may involve a combination of both character-based and word-based targeting. More recently, Zang et al. (2013) reported that the landing positions from adults and children were very similar when reading spaced and unspaced Chinese text. Their analyses showed that readers targeted their saccades similarly under spaced and unspaced conditions, and similar to Yan et al.’s (2010) finding, both Chinese adults and children targeted their saccades normally over the word with the PVL being close to the word center in single fixations, while in multiple fixation cases, the initial fixations were toward the word beginning. Shen et al. (2012) also replicated this finding with L2 learners. Taken together, these recent studies indicated that Chinese readers do not randomly select saccade targets; rather, the eye movement control in Chinese is word-based.

This then raised another question: Whether artificially inserting spaces between words to make the word boundaries visually salient in Chinese can benefit Chinese readers in terms of effective saccade targeting, reading speed and comprehension, and vocabulary acquisition. To address this question, research has further investigated whether adding spaces between words affects reading behaviors in Chinese. In an empirical study, Bai et al. (2008) presented Chinese texts in four conditions to native speakers: unspaced, appropriate spaces at word boundaries, appropriate spaces between all characters, and inappropriate spaces between characters resulting in apparent non-words. Results indicated that sentences written in word-spaced fashion were as easy to read for native Chinese speakers as the unspaced counterparts. However, spacing that created non-words and spaces between characters induced longer reading times. Their results indicate that the word rather than the character was the primary information unit for Chinese readers.

Researchers also used interword spacing as a pedagogical tool for children. For instance, Blythe et al. (2012) recorded the eye movements of 7- to 10-year-old children as they read new 2-character words that were embedded in sentences presented either in a normal, unspaced condition or in a word-spaced condition. The children were further tested on the new words embedded in a new (i.e., previously unread) sentence presented without spaces. Results showed that in the learning phase, children read the new words faster in the spaced sentences, and this facilitative effect was maintained in the test phase. The authors argued that it is because the spaces between words strengthened the connections between the two-character representations in children’s mental lexicon and thus facilitated word retrieval in the test phase. In short, recent research provides support for the view that words are important and have a psychological reality for Chinese readers.

In terms of L2 learners, not much research is available. In general, studies investigating whether interword spacing facilitates reading in Chinese among native speakers showed that adding interword spacing either did not influence their reading comprehension or speed (Liu et al., 1974; Everson, 1986; Bai et al., 2008) or hindered their reading performance (Bassetti, 2009; Bassetti and Masterson, 2012); however, a facilitation effect was found for L2 learners (e.g., Bai et al., 2013), which was modulated somewhat by the learners’ proficiency level (Everson, 1986; Bassetti, 2009; Yao, 2011; Shen et al., 2012) and native language. As one of the recent studies, Shen et al. (2012) used eye-tracking methodology and examined the relationship between spacing and word segmentation with four groups of non-native Chinese speakers (L1: English, Korean, Japanese and Thai) by using four types of spacing information: unspaced text, word-spaced text, character-spaced text, and nonword-spaced text. They found that the word-spaced text was the easiest for L2 learners to process, as indicated in the shortest total reading times and fixation durations, as well as lowest fixation counts and fewest regressions. The participants also found that the nonword-spaced and the character-spaced texts was the most disruptive, showing the longest reading times and more fixations and regressions. These effects, however, were independent of participants’ native languages, but decreased as participants’ proficiency level went up. Bai et al. (2013) also utilized eye-tracking to examine whether interword spacing facilitated vocabulary acquisition for L2 learners of Chinese. Following a similar design as Blythe et al. (2012), researchers found that participants read the new words faster in the spaced than in unspaced sentences, and this facilitative effect held in the subsequent test session. The authors attributed this benefit to the stronger connections made between the constituent characters due to the introduction of interword spaces. These findings, again, suggest that words have psychological reality for L2 learners of Chinese, and that pre-segmenting text into word units is beneficial.

Interestingly, besides the character form of Chinese texts that lack interword spaces, the Pinyin2 form of Chinese is word-spaced. However, it has been found that Chinese readers, both adults and school children, are much slower in reading the Pinyin form, compared with the reading materials in characters (Sun, 1993; Fu et al., 2002; Yan et al., 2008), which could be attributed to their lack of familiarity and practice with the Romanized form of Chinese, as well as the fact that Pinyin script provides no morphemic information, requiring longer time for readers to decode the meaning (Bassetti and Masterson, 2012). On the contrary, Pinyin has been found to be read faster by L2 learners of Chinese than characters (Light, 1976), and English learners of Chinese read Pinyin texts faster than native speakers (Bassetti, 2009). This could be because of L2 learners’ higher level of familiarity with the Pinyin form during their study of Chinese or their familiarity with reading word-spaced Romanized scripts.

The preceding review shows a paucity of studies examining L2 learners’ eye movements when reading spaced and unspaced Chinese texts. More importantly, all of the previous literature dealt with L2 learners’ reading performance when reading individual words or sentences, with no investigations extending beyond the sentence level. In response to the recent call for enhancing the ecological validity in eye tracking research (e.g., Elgort and Warren, 2014; Godfroid et al., 2018), longer reading materials can provide rich contextual information and better represent the natural reading context of readers. In addition, no previous studies have included Pinyin as a presentation condition to examine the potential effect of L2 learners’ native languages. The motivation for the current study, therefore, is to provide a descriptive account of the eye movements of CSL learners when reading spaced and unspaced passages in Chinese, with the hope to contribute to the theoretical accounts of eye movement control and word identification during L2 reading, and to shed light on the pedagogical issues of teaching Chinese orthography and second language reading development. This study was thus guided by the following research questions:

1. Will artificially inserting interword spacing in a Chinese text affect the reading behaviors of native speakers of Chinese, as measured by eye movement behaviors (e.g., fixation times and landing sites) and reading comprehension?

2. Will artificially inserting interword spacing in a Chinese text affect the reading behaviors of L2 learners of Chinese, as measured by their eye movement behaviors (e.g., fixation times and landing sites) and reading comprehension?

3. Are readers’ self-reported script and spacing preferences reflected in their eye movement records, with the more preferred script showing shorter reading times?




Methods


Participants

Twenty-four CSL learners who were enrolled at a Midwestern university in the United States were recruited for this study. All of the L2 speakers are native speakers of English. They were taking the third- or fourth-year Chinese class at the time of data collection and were regarded as intermediate learners based on a Chinese proficiency test targeting their reading skills from the American Council of the Teaching of Foreign Languages (ACTFL). Twenty native speakers (NS) of Chinese were also invited to participate as a control group.

Table 1 summarizes the demographic information of our participants. The NS control group included students (2 undergraduates, 17 graduate students, and 1 visiting scholar) enrolled at the university. All of them speak and read Mandarin Chinese and reported no hearing or vision problems. The L2 learners were either undergraduate or graduate students pursuing 16 different academic specializations. They had learned Chinese for an average of 4.3 years (ranging from 1.5 to 8 years, SD = 2.40), and reported to spend an average of 4.4 h (SD = 2.40) per week in reading Chinese. They also self-rated themselves as intermediate level on reading (M = 2.33, SD = 0.76) and writing (M = 2.04, SD = 0.55) in Chinese on a 4-point Likert scale (i.e., 1 = Beginning, 2 = Intermediate, 3 = Advanced, 4 = Near-native).



TABLE 1 Demographic information for participants.
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Apparatus

The participants’ eye movements were recorded with an EyeLink 1,000 desk-mounted eye tracker manufactured by SR Research Ltd.1, with a sampling rate of 1,000 Hz. The right eye was monitored. A chin-and-forehead rest was used to stabilize participants’ head movements during the recording. Stimuli were presented on a 19-inch DELL monitor at a viewing distance of approximately 50 cm. Reading materials were presented in Song font, size 21 (Yan et al., 2010; Zang et al., 2013) for the character conditions, and in regular Consolas font, size 18 for the pinyin condition, double spaced vertically. Each screen contained between seven to nine lines of texts, and each line contained 12–15 Chinese characters.

During the reading experiment, participants moved from one screen to the next by pressing a button, without being allowed to go back to the previous screens. A one-point drift correction was performed on each screen to minimize eye movement errors for reading multiple-line texts. The researcher calibrated the eye tracker four times in total (once for each passage, every 4 presentation screens) during the experiment, and conducted manual calibration check if eye movement errors occurred.



Materials


Reading passages

Four narrative paragraphs were created with the vocabulary from the second-year Chinese textbook used at the L2 learners’ university. Each paragraph was approximately 350–400 characters in length, containing 14–17 sentences. Four presentation types were created for each paragraph: (1) normal unspaced text (US); (2) artificially word-based spaced text (WS); (3) nonword spaced text (NW); and (4) normal spaced text in Pinyin (PY). Word segmentation was based on Packard (2000) definition of a syntactic word as “the smallest form that can independently occur in a syntactic form class slot” (p: 12). The word segmentation was consulted about with eight Chinese native speakers who are linguistic majors at the same university. All the vocabulary from the textbooks was checked against the Outline of Chinese Standard Vocabulary and Chinese Characters Grading, and only words from Band A and Band B were selected in constructing the reading paragraphs. Eighty-one percent of the vocabulary corresponds to words from HSK (Hanyu Shuiping Kaoshi, a government-sponsored Chinese proficiency test) Levels 1 and 2. This would ensure the appropriate lexical coverage for L2 learners’ proficiency level. In addition, the experimental passages were carefully constructed to ensure that students were familiar with the topics (i.e., a trip to Yunnan, ways to keep fit and healthy, job hunting, and changes in Chinese cities).



Conditions

Four experimental conditions were generated for each passage (see Table 2 for examples for each condition).



TABLE 2 Example sentence for each condition.
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As seen in Table 2, the sentences took up different amounts of space, with the pinyin text being the most extended across the four experimental conditions. To ensure that each line contained the same amount of information, the layout of the passages was adjusted based on the pinyin text. In other words, the texts in the US, WS and NW conditions were forced to start from the next line based on the PY condition (i.e., the longest script).

A Latin-square design was adopted so that participants never read the same passage in the same condition, but were exposed to passages in all four conditions. To illustrate, if one participant read passage 1 presented in an unspaced fashion, passages 2, 3, and 4 in word-based spaced, nonword spaced, and pinyin condition, respectively, another participant would read passage 2 presented in an unspaced fashion, passages 3, 4, and 1 in word-based spaced, nonword spaced, and pinyin text, respectively. This manipulation resulted in 16 experimental lists in which participants read the scripts in a randomized order.




Procedure

During the experiment, the participants were tested individually in an eye tracking lab. The native and L2 speakers completed the same set of tasks. The experiment procedure is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Experiment procedure.



Language learning background questionnaire

To obtain information about the participants’ language learning experiences, an online language background questionnaire was administered. By responding to the background information questionnaire, which included information about their age, native languages, other foreign languages they had learned, length of exposure to Chinese, years of immersion in a Chinese-speaking environment, and the frequency of Chinese usage, participants indicated their consent to take part in the study. In particular, since the focus of this study concerned reading, participants were asked to provide information about their knowledge of other spaced scripts (for native speakers) and other unspaced scripts (for L2 learners). Participants also needed to indicate how often and how much they read both in their native language (i.e., English) and in Chinese.



Reading experiment

During the main experiment session, participants read six paragraphs in Chinese and answered comprehension questions for each paragraph. Among the six paragraphs, two were warm-up texts to familiarize the participants with the testing procedure. A set of paper-based comprehension questions was administered after each passage to measure participants’ comprehension of the reading passages as well as to encourage them to focus on text comprehension while reading. The comprehension questions were five True-or-False questions in which participants needed to judge the statements based on the paragraph contents they just read. Participants were informed beforehand that they would need to answer the comprehension questions after reading each passage. The questions were carefully constructed to contain text-specific information only. One point was assigned for correct answers, and zero was given for incorrect answers and the “Not sure” option.



Exit interview

After completing the reading task, each participant was interviewed with regard to the reading task that he or she just finished. Participants were asked: (1) Which version of the texts they found the most difficult? Which one was the easiest? Why? (2) What was the most difficult thing when reading an unspaced Chinese text? (3) Whether reading Chinese characters was easier than reading Pinyin? Or vice versa? (4) Whether they used any strategies when segmenting Chinese words while reading?




Data analysis

For comprehension questions, non-parametric Friedman’s ANOVA analyses, with the presentation condition (US, WS, NW, PY) as the independent variable, were conducted for native speakers and L2 learners separately, given that the comprehension scores were not normally distributed.

For eye movement data, I conducted analyses on global measures for each presentation condition, namely, total passage reading time (i.e., the sum of all the fixation durations made on a passage); mean first fixation duration (i.e., averaged durations of the first fixation on a word), gaze duration (i.e., the sum of all fixations on a word prior to moving to another word), number of fixations (i.e., number of fixations made on each word), number of regressions (i.e., number of times a word was exited to an earlier part of the passage), and regression path duration (i.e., the sum of all fixations made from the first encounter with a word until the eyes move past the right boundary of a word, including any regressions to earlier parts of the passage). Those measures were analyzed as dependent variables. Normality tests showed that 95% of the measures were normally distributed, thus, 4 (presentation condition: US, WS, NW, PY) × 2 (participant group: native speakers and L2 learners) mixed-design ANOVAs for each eye movement measure were conducted.

Landing position analyses were also carried out to further investigate the PVL effect. Given that one-character words were primarily function words that are often skipped in reading, and that the number of three- and four-character words were relatively small, I conducted the landing distribution analyses solely on the two-character words. Additionally, because of the varying widths of the interest areas across the four conditions, I only included the normal unspaced and word-based spaced conditions for comparisons. Following Yan et al. (2010) and Zang et al. (2013) analyses of landing positions, I defined half of a character in a horizontal direction as a character zone. Therefore, a two-character Chinese word occupies four zones, ranging from 0 to 2 characters (0–0.5, 0.51–1, 1.01–1.5, 1.51–2, respectively), with a value of 1 indicating the middle of the word. Notably, following von der Malsburg and Angele (2017) who proposed that corrections of alpha-level should be applied in eye movement studies to control the Type I error (i.e., an inflated probability that the null hypothesis is incorrectly rejected), the alpha-levels of this study were adjusted by dividing.05 by the number comparisons made in both the global and local analyses.




Results


Comprehension questions

The overall reliability coefficient (Cronbach’s α) of the 20 comprehension questions for all participants was.83. The individual reliability coefficients for native speakers and L2 learners were.86 and.78, respectively. The descriptive statistics for the comprehension questions across four presentation conditions are shown in Table 3.



TABLE 3 Mean comprehension scores across the four presentation conditions (SD in parentheses).
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Overall, both participant groups demonstrated good understanding of the passages. Out of five questions for each passage, native speakers scored 4.55 out of 5 (SD = 0.84), and L2 learners scored 4.33 (SD = 0.61). Non-parametric Friedman tests showed that comprehension did not differ significantly across the four experimental conditions for either group (native speakers: χ2 = 3.05, p = 0.38; L2 learners: χ2 = 1.96, p = 0.58). The high comprehension rate in both groups may suggest a ceiling effect in the task; however, it helps to rule out the possibility that any spacing effect, if observed, could be attributed to the text comprehensibility.



Eye movements

Table 4 summarizes the descriptive statistics for the eye movement measures across the four presentation conditions for both groups.



TABLE 4 Descriptive statistics for eye movement measures across the four presentation conditions (SD in parentheses).
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For all the eye movement measures, there was a main effect of presentation condition (all Fs > 16.50, ps < 0.001, ηp2 > 0.28, observed power = 1.00). There was also a significant difference between the two experimental groups (all Fs > 21.94, ps < 0.001, ηp2 > 0.34, observed power = 1.00), suggesting that overall L2 learners spent longer time processing the texts, made more fixations and regressions, and skipped less than native speakers. The presentation by group interaction was also significant (all Fs > 32.88, ps < 0.001, ηp2 > 0.44, observed power = 1.00), indicating that the spacing effect differed between the two participant groups.

For native speakers, the eye movement data showed a similar pattern for total reading times, first fixation duration, gaze duration, number of fixations, number of regressions, and regression path duration. Specifically, native speakers spent a significantly longer time processing the passages, made more fixations and regressions in the pinyin text than in the other three conditions (all ps < 0.001), and there were no differences between the normal unspaced, word-based spaced, and nonword spaced (all ps > 0.38) texts. However, for skip rate, native speakers made the fewest skips for word spaced text (M = 10.6%), and the number of skips was significantly lower than that in the other three conditions (pairwise comparisons, all ps < 0.001). The native speakers also skipped pinyin text (M = 42.3%) marginally less than the nonword spaced text (M = 36.5%, p = 0.014). The differences between the other pairs were not significant (all ps > 0.12). In general, interword spacing did not affect native speakers’ reading behaviors except that they skipped the word spaced text less. This suggests that adding interword spacing in Chinese texts may interrupt native speakers’ eye movements during natural reading.

Regarding the L2 group, the patterns were less clear. Table 5 summarizes the processing patterns for L2 learners.



TABLE 5 Processing patterns for L2 learners.
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Overall, L2 learners had the longest total times reading the nonword spaced text (M = 181,190 ms, SD = 53,139 ms), which was longer than the word-based spaced condition (M = 159,510 ms, SD = 53,249 ms, p = 0.023). There were no differences between the other conditions (ps > 0.11).

The first fixation duration was the longest for unspaced text (M = 311 ms, SD = 47 ms), and was significantly longer than the nonword spaced condition (p < 0.001) and the pinyin condition (p < 0.001). First fixation duration was also longer for the word-based spaced condition than the nonword spaced condition (p = 0.004) and the pinyin condition (p < 0.001). There were no differences between the other pairs (ps > 0.73).

Gaze duration was the shortest for the pinyin text (M = 515 ms, SD = 98 ms), and was marginally shorter than the other three conditions (all ps < 0.027), suggesting the relative processing ease of pinyin texts for L2 learners whose native language is alphabetic (e.g., English). There were no differences between the other conditions (ps = 1.00).

In terms of number of fixations, L2 learners made the fewest number of fixations on each word in word spaced text (M = 2.78, SD = 0.70), and fixations were significantly fewer than those in the nonword spaced condition (p < 0.001), and the pinyin condition (p = 0.002). There were no differences between the other condition pairs (ps > 0.08). Similarly, L2 learners also made the fewest regressions for word spaced text (M = 37.00, SD = 15.63), and regressions were significantly fewer than those in the nonword spaced condition (p < 0.001), and the pinyin condition (p = 0.007). There were no differences between the other pairs (ps > 0.21). These results suggest the processing ease with the word spaced texts for L2 learners because word boundaries in the word spaced condition are clearly marked, which reduces their processing burden in identifying words during reading.

Regression path duration was also the shortest for word spaced text (M = 906 ms, SD = 327 ms), and was marginally shorter than that in the normal unspaced condition (p = 0.023) and the nonword spaced condition (p = 0.009). Other comparisons were not significant (ps > 0.072). As a late eye movement measure that reflects the relatively late stages of processing, such as information reanalysis and discourse integration (Rayner, 2009), the regression path duration further suggests the processing ease with the word spaced texts because adding interword spaces reduces L2 readers’ cognitive load in reanalyzing information.

As for skip rate, there were no differences between the presentation conditions (all ps > 0.39) for L2 learners, suggesting that learners skipped similar amounts of words during reading regardless of the presentation format of the text.

To summarize, L2 learners’ eye movement data, though less systematic, showed that L2 learners had the most difficulties processing the nonword spaced texts, indicating the disruptive effect of nonword spacing on L2 readers’ reading process. More importantly, L2 learners spent more time reading the unspaced text than the word spaced text (although numerically for the total reading times), partially confirming the benefits of adding interword spacing into Chinese written text because interword spaces may facilitate readers to recover from processing difficulties (Rayner, 2009). In addition to these time-based measures, the number of fixations and regressions also suggested that nonword spaced text induced more difficulties than word spaced text; more importantly, L2 learners made numerically more fixations and regressions to the normal unspaced text than to the word spaced text. These eye movement events are often associated with global processing of the whole text. Early measures, such as first fixation durations, however, showed no differences between the normal unspaced and word spaced text. This could be because the vocabulary used to create experimental texts were quite familiar to L2 learners, which may have offset the potential facilitative spacing effect. Taken together, eye movement data from L2 learners showed that they overall benefited from reading word-based spaced text in Chinese, especially for discourse-level processing.



Landing position analyses

In addition to the global eye movement measures, a set of local analyses were also conducted to investigate the PVL effect, which may provide a more fine-grained account of the spacing effect. For local analyses where a value of 1 indicates the middle of the word, a value smaller than 1 suggests that participants land their eyes on the first character, with smaller values meaning eyes landing more toward the word beginning; similarly, a value larger than 1 suggests that participants send their eyes to the second character, with larger values indicating eyes landing more toward the end of a word. Table 6 presents the mean landing positions for initial fixations, and the proportions of single fixations for native speakers and L2 learners when reading unspaced and word spaced texts.



TABLE 6 Mean landing positions (in characters) in unspaced and word-based spaced texts, with SDs provided in parentheses to indicate variability.
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Mean landing positions for first fixations

There was a significant effect of spacing, F(1, 42) = 4.38, p = 0.042, ηp2 = 0.09, observed power = 0.53. The landing positions were further into a word for word spaced text (M = 0.89, SD = 0.18) than for normal unspaced text (M = 0.86, SD = 0.19). That means, the initial landing positions were closer to the center of the word in spaced than in unspaced conditions. There was also a significant effect of participant group, F(1, 42) = 144.94, p < 0.001, ηp2 = 0.78, observed power = 1.00; native speakers tended to fixate closer to the center of the word (M = 1.04, SD = 0.56) than L2 learners (M = 0.73, SD = 0.45). The interaction was not significant (p = 0.55), suggesting that the spacing effect held for both groups alike.

A set of 2 (condition: normal unspaced and word-based spaced) × 2 (group: native speakers and L2 learners) × 4 (character zone: 1, 2, 3, 4) mixed-design ANOVAs were further conducted to examine the distribution of the initial fixations over each character zone of a word. The landing distribution data showed a significant effect of character zone (F(3, 126) = 41.17, p < 0.001, ηp2 = 0.50, observed power = 1.00). The interaction between zone and group was significant, F(3, 126) = 64.81, p < 0.001, ηp2 = 0.61, observed power = 1.00, and the interaction between condition and zone was also significant, F(3, 126) = 5.16, p = 0.002, ηp2 = 0.11, observed power = 0.92. There was also a significant three-way interaction (F(3, 126) = 6.68, p < 0.001, ηp2 = 0.14, observed power = 0.97). Figure 2 presents the distribution of the initial fixations over each character zone.
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FIGURE 2
 The distribution of landing positions of initial fixations.


Further analyses revealed that native speakers were much more likely to fixate on zone 3 (M = 29.4%), less likely on zone 4 (M = 25.1%) and were least likely to fixate on zone 1 and 2 (M = 21.9, 23.6%, respectively, ps < 0.02). This pattern was identical across presentation conditions. L2 learners, on the other hand, were more likely to land on the first character (zones 1 and 2, M = 34.4, 39.3%, respectively), less likely on zone 3 (M = 19.4%, ps < 0.001), and least likely on zone 4 (M = 6.8%, ps < 0.001). This pattern held across conditions. However, as shown in Figure 2, when reading word-spaced text, L2 learners tended to target their saccades slightly closer to the word center.

Overall, native speakers landed further into a word than L2 learners. Additionally, Figure 2 shows that the saccade targeting of native speakers were almost identical in the spaced and unspaced texts. That is, native speakers were more likely to target their initial fixations to the word center of a two-character word regardless of whether the text was spaced or not. L2 learners, however, tended to direct their saccades to the beginning of a word, and more saccades were targeted to the word beginning for unspaced than spaced text. This is probably because L2 learners adopted a more conservative saccade strategy due to their limited proficiency in Chinese.

As Yan et al. (2010) noted, however, it is important to divide the data into single fixation (i.e., only one fixation made on a word) and multiple fixation (i.e., more than one fixation made on a word) cases because different saccade targeting patterns may occur for these two fixation events. Therefore, separate analyses were subsequently conducted for the two situations.



Mean landing positions for first fixations in single fixation events

The mean landing position for first fixations in single fixation cases, and the proportions of single fixations are shown in Table 6. For the mean initial fixation landing positions in single fixation cases, there was a significant effect of group, F(1, 42) = 12.02, p = 0.001, ηp2 = 0.22, observed power = 0.92, indicating that native speakers performed differently than L2 learners. The effect of condition and the interaction between condition and group were not significant (all ps > 0.83), suggesting that the native-nonnative speakers differences held for both unspaced (M = 1.00) and spaced (M = 1.00) texts. Thus, spacing did not affect initial saccade targeting when readers made only one fixation on a word.

For the proportions of single fixation data (Figure 3), there was a significant effect of group, F(1, 42) = 279.33, p < 0.001, ηp2 = 0.87, observed power = 1.00. Native speakers made more single fixations than L2 learners and made more single fixations (M = 74%) on a word than multiple fixations (M = 26%). The effect of presentation condition (p = 0.31) and the interaction between condition and group were not significant (p = 0.59), suggesting that readers made similar single fixations in unspaced and spaced texts.
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FIGURE 3
 The distribution of landing positions in single fixation cases.


The landing distribution analyses show that the effect of condition [F(3, 126) = 160.72, p < 0.001, ηp2 = 0.79, observed power = 1.00] and the interaction between condition and group [F(3, 126) = 160.72, p < 0.001, ηp2 = 0.79, observed power = 1.00] were both significant. The effect of character zone [F(3, 126) = 25.45, p < 0.001, ηp2 = 0.38, observed power = 1.00] and the interaction between group and character zone [F(3, 126) = 18.40, p < 0.001, ηp2 = 0.31, observed power = 1.00] were also significant. Other interactions were not so (all ps > 0.30). Further analyses show that native speakers tended to make more single fixations when reading spaced text (M = 25%) than unspaced text (M = 18.4%), and were slightly more likely to fixate on zone 3 and 4 (M = 25.1, 22.2%, respectively) than zone 1 (M = 18.2%, p = 0.015, 0.065, respectively). L2 learners, on the other hand, were more likely to land on the middle of the word (zones 2 and 3, M = 40, 36.7%, respectively), less likely on zone 1 (M = 14.9%, all ps < 0.001), and least likely on zone 4 (M = 0.8%, all ps < 0.001). This pattern held across the spaced and unspaced texts.

As indicated in Figure 3, native speakers landed further into a word than L2 learners in single fixation cases. That is, native speakers were more likely to target their fixations to the second character (zone 3, more toward the word center). Their saccade targeting was almost identical across presentation conditions, but they tended to make more single fixations when reading word-spaced text. L2 learners were also identical in terms of their saccade targeting pattern in spaced and unspaced text; they were more likely to target their initial saccades toward the word center regardless of whether the text was spaced or not.



Mean landing positions for first fixations in multiple fixations

The mean landing positions for first fixation in multiple fixation cases are shown in Table 6. Analyses of variance showed that the effect of presentation condition was marginal, F(1, 42) = 4.37, p = 0.043, ηp2 = 0.09, observed power = 0.53. The landing positions were further into a word for word-spaced text (M = 0.88) than for unspaced text (M = 0.83). The effect of group was also significant, F(1, 42) = 88.95, p < 0.001, ηp2 = 0.68, observed power = 1.00, with native speakers’ fixations landing closer to the word center (M = 1.02) than L2 learners’ (M = 0.69). The interaction between condition and group was not significant (p = 0.094).

Figure 4 presents the landing distribution of initial fixations in multiple fixation cases. The landing distribution analyses show that the effects of presentation condition [F(1, 126) = 1251.63, p < 0.001, ηp2 = 0.97, observed power = 1.00] and character zone [F(3, 126) = 43.85, p < 0.001, ηp2 = 0.51, observed power = 1.00] were both significant. All the interactions were also significant (all Fs > 4.80, ps < 0.003).

[image: Figure 4]

FIGURE 4
 The distribution of landing positions in multiple fixation cases.


Post-hoc tests showed that when reading spaced text, native speakers were more likely to fixate on word center than in the unspaced text (M = 25, 6.6%, respectively, p < 0.001). Saccades targeting pattern did not vary across character zones (all ps > 0.13, except that there was a marginal difference between zone 3 and zone 2, p = 0.014). L2 learners, on the other hand, were more likely to land on the first character (zones 1 and 2, M = 39.3, 38.5%, respectively), less likely on zone 3 (M = 15.7%, ps < 0.001), and least likely on zone 4 (M = 6.5%, ps < 0.001), regardless of the spacing condition.

Similar to previous discussions, native speakers generally landed further into a word than L2 learners. Additionally, Figure 4 shows that L2 learners were more likely to target their initial saccades to the beginning of words for unspaced text and toward the word center for spaced text. Native speakers, on the other hand, targeted more saccades to the second character (zone 3, more toward the word center) for spaced text.





Discussion

In this eye-tracking study, I examined the eye movements of native speakers and CSL learners when they read normal unspaced texts, word-spaced texts, nonword-spaced texts and pinyin texts. The participants’ eye movement behaviors were compared across the presentation conditions to answer the main question: When learning an L2 that does not have interword spacing in written text, does inserting interword spaces benefit L2 learners’ online reading performance?


Eye movements of native speakers

The first research question asks whether adding interword spacing in Chinese text affects the reading comprehension and eye movements of native speakers. The data, corroborating previous studies (Liu et al., 1974; Everson, 1986; Bai et al., 2008; Yao, 2011), showed that overall, interword spacing did not affect native speakers’ reading behaviors. This could be because of the ceiling effect caused by the reading materials. As mentioned earlier, the reading passages were constructed based on the second-year Chinese textbook, which was fairly easy for native speakers. The vocabulary selected also consisted of high-frequency words. Therefore, it is possible that native speakers easily identified the word boundaries based on their experience with those words, regardless of the presence of spaces (Yan et al., 2010). However, native speakers tended to skip the word-spaced text less frequently, suggesting that adding interword spacing in Chinese texts may interrupt native speakers’ eye movements during natural reading. In addition, native speakers experienced a hard time reading pinyin texts. This is not surprising because pinyin only denotes the pronunciation of Chinese characters but not their meaning, and there are many homophones in Chinese (Sun, 1993). That is, many characters share the same pronunciation but vary in visual forms and meanings. Hence, when reading the pinyin text, readers have to spell out the pinyin and are likely to search for the corresponding character from a set of competitors, based on the contextual meaning. This induced more processing difficulties and resulted in longer reading times, more fixations and regressions, and fewer skips. The exit interview data further supported this finding. Native speakers felt the pinyin most difficult and “disturbing” because first of all, it had been a long time (i.e., ever since Grade 1, age 7) for the native participants to read in pinyin. More importantly, when they read through the text, they had to go back to the previous parts to reparse the passage because of the limited visual information provided by pinyin.

In terms of the saccade landing positions, native speakers targeted their saccades very similarly under spaced and unspaced conditions, which replicated previous findings that the introduction of interword spacing did not affect native speakers’ eye guidance (e.g., Winskel et al., 2009; Yan et al., 2010; Li et al., 2011; Zang et al. (2013)). More specifically, similar to Yan et al. (2010), native speakers tended to target their saccades near the word center (i.e., PVL). However, slightly different from what Yan and colleagues have reported, this study found that native speakers tended to fixate on the beginning of the second character (close to the word center) regardless of the number of fixations made on a word. This difference arose probably because the reading materials were fairly easy for native speakers, and the word segmentation was easily accomplished during reading, resulting in a higher proportion of single fixations (i.e., 74%) on a word. Additionally, the proportion of targeting more toward the word center is numerically higher for the word-spaced than unspaced texts, indicating a nuanced advantage of adding interword spaces to improve the efficiency of word segmentation for native speakers.



Eye movements of L2 learners

The second question asked whether adding interword spacing into a Chinese text affects the reading comprehension and eye movements of L2 learners. In terms of the comprehension questions, similar to native speakers, L2 learners did not show preferences for any presentation condition. In terms of the eye movements, the word-spaced texts seemed to be the easiest for L2 learners to process, especially when compared with the nonword-spaced text and pinyin text. In particular, L2 learners spent shorter total reading time in processing the passages, regressed less, and made fewer fixations on the word-based texts, which are measures that reflect the overall processing of the text. This result is partially consistent with Shen et al. (2012) findings. However, different from their results, the present study did not find significant differences between the normal unspaced text and word-spaced text. This may be due to the limited number of participants (n = 24) to achieve strong statistical power; however, another reasonable explanation could be that the L2 learners recruited from the advanced-level Chinese class had an average of 4.3 years of Chinese instruction, so they were quite used to reading unspaced texts. Additionally, the experimental passages were well within participants’ comprehension level, which may have modulated the differences between the unspaced and word-spaced texts. However, as 21 out of the 24 L2 learners indicated in the interviews, they felt the spaced texts quite strange at the first sight, but once they figured out that the spacing was based on words as in English, they felt it helpful for them to read faster later, which partly confirms the general advantage of adding interword spaces for L2 learners’ overall processing of a reading passage.

As for the landing sites, similar to what Shen et al. (2012) have found, L2 learners targeted their saccades almost identically under spaced and unspaced conditions. In particular, for single fixations, landing positions were normally distributed about the OVL of a word, while in multiple fixation cases, L2 learners tended to target their initial fixations toward the beginning of a word. This finding also implies that when L2 learners landed around the PVL of a word, they needed only one fixation on the word, whereas when their eyes landed toward the word beginning, they were much more likely to make multiple fixations on the word. More crucially, the analyses of landing distributions ruled out the possible explanation that the marginally reduced processing times for word spaced text for L2 learners were due to more effective saccade targeting toward the PVL because as shown in the eye movement data, L2 learners landed their eyes similarly regardless of spacing condition.



Eye movements and word segmentation

The third question concerns if readers’ subjective script and spacing preferences were reflected in their eye movements, with the more preferred script generating less processing difficulty. Native speakers reported that they did not notice any differences in terms of the presentation mode except for the pinyin condition. They also claimed that the pinyin was considerably harder to read. This was also evident in their eye tracking data in that native speakers spent longer times, made more fixations and regressions, and skipped less when reading the pinyin text, whereas their eye movements were similar across the other three conditions. As for L2 learners, even though they reported the normal unspaced texts as the easiest one to read, their eye movement data showed that the unspaced condition was not processed more fluently than other conditions (excerpt for the non-word condition). This suggests that even though L2 learners were more familiar with the normal unspaced texts, the salient demarcation of word boundaries did unconsciously facilitate their retrieval of words and reading process. Additionally, L2 learners reported that the nonword spaced text was the most disruptive text to read, which was also reflected in their eye movement data that L2 learners spent considerably longer times, made more fixations and regressions when reading the arbitrarily spaced texts. Interestingly, learners also emphasized in the interviews that they could read faster with pinyin but comprehend better with characters. This was also evidenced in the eye tracking data that for L2 learners, total reading times, first fixation durations, gaze durations, and regression path durations were relatively shorter for the pinyin text; however, they made significantly more fixations and regressions, and skipped least for pinyin, compared to the character conditions. This indicates that, although pinyin is widely used as a helpful pedagogical tool for beginning L2 learners to read Chinese characters, it contains indirect information regarding word meaning, which induces reading difficulties and causes inefficient processing of meaning.

These findings are important in relation to our primary research question, that is, whether marking word boundaries in Chinese text could assist L2 learners. The beneficial effect of interword spacing was partially confirmed by the results from this study. This is probably because the interword spacing reduced the time needed to select a saccade target and removed the burden to segment character strings during reading. This implies that interword spacing could be a helpful pedagogical tool for CSL learners, especially for beginners, to identify words and strengthen the word-form associations during reading. Another implication from this study is that the word is the basic processing unit for L2 learners. Anecdotally, when asked about their strategies in segmenting Chinese written texts, all of my L2 participants indicated that they mentally segment Chinese written texts based on words. For instance, three of the learners said that they drew lines underneath a word or slashes between words; others stated that whenever they encountered processing difficulties during reading, they tended to resort to the vocabulary list to make sure certain characters make a word, and then went back to reading. In other words, even when a language does not have interword spacing in its writing system, the word is still the basic unit for native speakers and L2 learners to group the character strings. Once the connections between the constituent characters of a word have been strengthened by frequent input, L2 learners can retrieve words and read more efficiently, while the incorrect groupings of the character strings may alternatively disturb their reading performance. The most crucial implication from this study, however, is that L2 learners generally landed their eyes identically on the word regardless of the spacing condition. The different patterns produced were dependent upon whether only one fixation needed to be made on a word or not. This suggests that, echoing what previous studies have found for native speakers (e.g., Yan et al., 2010; Zang et al., 2013), L2 learners, especially intermediate learners who are experienced in reading Chinese texts, do not select saccades based on the visually salient spaces between words. Following this study and Shen et al. (2012) who found that L2 learners from various proficiency levels displayed different processing patterns, with lower-level learners benefiting more from interword spacing than higher-level learners, future studies can examine the facilitative effect of interword spacing on readers with varying levels of Chinese reading experiences (e.g., Shen et al., 2012) when reading passages or authentic reading materials, such as novels or stories.




Conclusion

By examining the eye movements of native speakers and CSL learners, the present study extended evidence for the facilitative effect of interword spacing to the reading of connected passages for L2 readers. Given the relatively small sample size and the homogeneous native language background of the L2 participants in this single-experiment study, the results may not be generalizable to a broader CSL learners as a group; in addition, the experimental materials seemed quite easy for L2 learners, which may have caused a ceiling effect to demonstrate the advantage of adding interword spacing to Chinese texts clearly. However, this study was the one of the first research to incorporate passage reading in the eye movement literature for CSL learners, which better resembles L2 learners’ reading experience and contributes to the investigation of interword spacing effect on the overall processing behaviors when reading longer texts, which requires readers’ higher level of cognitive abilities to integrate information or understand the text on the discourse level, than individual sentences. Future eye-tracking studies are encouraged to use longer and more authentic Chinese texts to further investigate the L2 processing mechanisms of Chinese words while reading with a larger number of CSL learners from various native language background. Lastly, it should be noted that adding interword spaces is not the only one option to facilitate beginning readers of Chinese, including both native and L2 readers. CSL teachers are also recommended to try with alternating-color words in Chinese texts with beginning readers (e.g., Perea and Wang, 2017; Zhou et al., 2020; Pan et al., 2021), which has the advantage of keeping the characteristics of Chinese writing system unchanged and providing learners with more natural reading environment.
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S6 12 0 0.00% 15 0 0.00% 35 0 0.00%
S7 10 2 16.67% 13 2 13.33% 35 0 0.00%
S8 8 4 33.33% 13 2 13.33% 36 0 0.00%
S9 12 0 0.00% 15 0 0.00% 36 0 0.00%
S10 1 1 8.33% 14 1 6.67% 35 0 0.00%
S11 12 0 0.00% 15 0 0.00% 34 1 2.86%
S12 1 1 8.33% 13 2 13.33% 85 0 0.00%
S13 10 2 16.67% 13 2 13.33% 35 0 0.00%
S14 10 2 16.67% 9 6 40.00% 34 1 2.86%

R stands for the count of recognized cases; NR is for the count of not recognized cases.
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SC Types Non-split SCs Count N %

Pseudo V-O SCs BesE R 27 100.00%
NR 0 0.00%

i R 26 96.30%
NR 1 3.70%

#3 R 27 100.00%
NR 0 0.00%

V-O SCs nziR R o7 100.00%
NR 0 0.00%

it R 22 81.50%

NR 5 18.50%

HEBA R 24 88.90%

NR 3 11.10%

R stands for the count of recognized cases; NR is for the count of not recognized
cases.
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The participants’ selection of lexical status was coded as 0 and phrasal status was coded as 1.

0.70

phrasal

lexical
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Group Gender HSK Level Age CSL years CSL years in China

Female Male 4 5 6
Pooled 111 51 60 66 36 22(2.76) 2.76 (1.60) 1.98 (1.59)
Sinographosphere 65 19 33 33 18 22.3(2.68) 272 (1.63) 1.79(1.75)
Non-Sinographosphere 46 32 27 33 18 217 282) 2.81(1.58) 2.18(1.37)

CSL years, years of CSL leaming; CSL years in China, years of CSL learning in China; Numbers in parentheses are standard deviations (SD).
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Research

Li (2003)

Jiang (2003)

Everson (1998)

Xu et al. (201)

P, character pronunciation; S, character meaning; “>", better than, “<", worse than, *

L2 proficiency

Intermediate

Advanced

Elementary

Elementary

Elementary

L1 Character pronunciation
Task Performance

Sinographosphere Writing Pinyin 1,402

N=11)

Non- 1,155

Sinographosphere

N=13

Sinographosphere 1,918

W=7)

Non- 1,767

Sinographosphere

N=11)

Sinographosphere Wiiting Pinyin Japan:0.95

(N=33) Korea:0.98

Non- Indonesia:0.92

Sinographosphere Us:0.81

(N =41)

American (N Online naming 269

=20)

American (N Sound-matching  R:10.00088

=36) A:8.36,0.88

W:8.25,0.58

Character meaning

Task

Forming words
using
target character

Forming words
using target
character

Translating
characters to
English
Meaning-
matching

Performance

1,268

746

2,047

1,499

Japan:0.98
Korea:0.95

Indonesia:0.96
Us:0.85

26.7

R:14.94,1.94

A:12.94,1.92
W:11.11,1.44

Comparison

P>S

P>S

P<S

P>S

Japan: P <

Korea: P> 8

Indonesia: P
<s
US:P<S
PxsS

P<S

similar to. Li examined the number of characters for which participants knew pronunciations

or meanings; the maximum score was 2,905. Jiang measured participants' accuracy rates in pronunciation and meaning of 30 characters and the comparative results were reanalyzed
by the first author. Everson presented counts of participants’ correct pronunciation and identification (measuring semantics) of 46 characters. Xu et al. examined the effects of three
methods (R, reading; A, animation; W, writing) on character learing and carried out both immediate (the fist number following each task) and delayed tests (the second number following

each task).
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Moderator variable k r 95% CI Qw P Qs P
Correlation between PA and CWR Age subgroup
Children 7 0.311 [0.181, 0.430] 16.26 63.1% 3.54 0.060
Adults 11 0.483 [0.348, 0.598] 24.28 58.8%
Length of study subgroup
Beginning learners 12 0.487 [0.365, 0.593] 24.57 55.2% 5.20¢ 0.023
Advanced learners 6 0.285 [0.150, 0.408] 13.65 63.4%
Correlation between MA and CWR Age subgroup
Children 0.270 [0.110, 0.416] 12.91 69.0% 2.07 0.150
Adults 0.480 [0.228, 0.671] 14.08 71.6%
Length of study subgroup
Beginning learners 0.421 [0.172, 0.620] 18.98 73.7% 0.73 0.393
Advanced learners 4 0.296 [0.124, 0.451] 11.44 73.8%

PA, phonological awareness; MA, morphological awareness; CWR, Chinese word reading; Cl, confidence interval; 2, the proportion of total variation between the effect
size caused by real heterogeneity rather than chance; Qw, between-groups homogeneity of variance; Qg, within-group homogeneity of variance. *p < 0.05.
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Predictor Variables k Effect size Heterogeneity Egger’s test

r 95% Cl V4 P Q 2 P Intercept SE t P
PA 18 0.406 [0.308,0.495] 7.50 <0.0001 47.92 64.5% <0.0001 0.099 0.168 1.83 0.09
MA 10 0.361 [0.218,0.489] 4.74 <0.0001 33.02 72.7% 0.0001 0.136 0.252 0.88 0.40
OA 9 0.376 [0.240,0.497] 5.14 <0.0001 24.79 67.7% 0.0017 0.312 0.243 0.32 0.76
RAN 5 —0.323 [-0.491, —0.133] -3.25 0.0011 6.80 41.2% 0.15 0.020 1.607 —-0.22 0.84

Cl, confidence interval; I, the proportion of total variation between the effect size caused by real heterogeneity rather than chance.
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Variables

. Age

. Length of LC (months)
. Character knowledge
. Vocabulary knowledge

. Grammatical judgment/correction test
. Word order test
. RC-Multiple-choice questions test
. RC-Cloze test
10. RC (Total)

’
2
3
4
5. Morphological awareness
6
7
8
9

1

1
—0.037
0.167*
0.197*
0.101
0.116
0.122
0.225*
0.109
0.180"

1
0.223
0.357*
0.207**
0.322**
0.306™
0.298*
0.230™
0.263"

1
0.616™
0.433*
0.377*
0.486™
0.471*
0.437*
0.497*

LC, learning Chinese; RC, reading comprehension. *p < 0.05; **p < 0.01.

1
0.573"
0.621**
072
0.739*
0.698™
0.777*

1
0.419*
0.438™
0.446™
0.424*
0.465™

1
0.669"
0.556™
0.624**
0.643™

1
0.682**
0.668™
0.742*

1
0.639"
0.896 **

0.915™

10

1
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Step

Step 1

Step 2

Step 3

Variables

Age
Gender
Major
Length of learning
Chinese
Character knowledge
Morphological
awareness
Vocabulary knowledge
Word order
Grammatical
judgment/correction
test

0.198

0.906

0.366
—0.003

0.053
—0.008

0.942
0.757
0.302

T

0.885
0.646
2.921*
—0.065

0.422
—0.036

5.544
4129
2.882

R2

0.319

0.632

0.7

AR2

0.319

0.313™*

0.069"

*p < 0.01 and *p < 0.001.
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Step

Dependent
variable

Step 1

Step 2

Step 3

Dependent
variable

Step 1

Step 2

Step 3

Variables

Multiple-choice
questions

Age

Gender

Major

Length of learning
Chinese

Character recognition

Morphological
awareness

Vocabulary knowledge
Word order

Grammatical
judgment/correction
test

Cloze test

Age

Gender

Major

Length of LC
Character recognition
Morphological
awareness
Vocabulary knowledge
Word order
Grammatical

judgment/correction
test

"0 < 0.05; *'p < 0.01; **p < 0.001.

0.283
1.416
0.15

0.022

—0.007
0.05

0.508
0.349
0.043

—0.085
—0.5643
0.211
—0.023
0.063
—0.067

0.439
0.408
0.258

2117
1.69
2.016"
0.85

—0.094
0.409

5.024*
3.175™
0.693

—0.548
—0.557
2.427*
—-0.792
0.712
—0.465

3.718™
3.201*
3.542**

RZ

0.318

0.57

0.602

0.22

0.464

0.551

AR?

0.318

0.2562***

0.032**

0.22

0.265"*

0.089"*
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(1) =% # @ % EE S .
zuétiin  wé qing i qu zhongguochéng chifan
Yesterday T invite him go China Town  eat
“Yesterday I invited him to go to eat in China Town.”

2) sx  #0 ® B oz ==Em i
jintian timen qing w6 qu méiguéfanguin chifan
Today they invite me go American restaurant eat
“Today they invite me to go to eat in an American restaurant.”
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(3) EFHE &
guéjishehui yiqi

hézuo.
International society together cooperate.
The international society cooperates together.

(H'0 A 8 F ok
‘women zhijian - de hézuo ba tai  shunli.
We  between  cooperation not very smooth.
The cooperation between us is not smooth.

1L
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Variables

Age

Length of learning Chinese (Months)
Character knowledge

Vocabulary knowledge

Morphological awareness
Grammatical judgment/correction test
Word order test

RC-Multiple-choice questions test
RC-Cloze test

RC-Total

RC, reading comprehension.

M

21.53
31.24
20.56
16.51
6.97
14.72
18.15
22.26
12.78
34.98

SD

7.97
16.06
6.59
6.83
3.76
8.66
5.59
8.06
8.94
16.37

Reliability

0.881
0.816
0.789
0.813
0.814
0.783
0.890
0.903

# Items

30
30
15
15
15
20
37
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(1) Adv(time) + S + PP(place) +V + O
BER W oAk %

zudtian  jigjie zai shiting  chi
Adyv(time) S PREP  NP(place) V
k3 .
fan le.
o Asp
“The elder sister had a meal at the restaurant yesterday.”
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(2) S + Adv(time) + PP(place) +V + O
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jigie  audtian  zai shiting  chi
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fan  le.
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Selections of temporal adverb positions (%o)
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Temporal adverb positions i Chinese sentences
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Temporal : jlSniocIl | Locative | [MIEGHOEIN | Locative :
Adverb Subject PP PP Verb || Object
24.46% 43.48% 32.07%
Less Preferred The Most The Second
Position Preferred Preferred
Position Position
(1) Lower Chinese proficiency group
Temporal , ool | Locative || Temporal || Locative :
. PP Adverb || pp || Vo || Obet
34.13% 47.44% 18.43%
The Second The Most Less Preferred
Preferred Preferred Position
Position Position
(11) Middle Chinese proficiency group
Temporal : jlSniocIl | Locative E Temporal E Locative .
Subject PP | Adverb E PP Verb || Object

46.08% 44.77% 9.15%
The Most The Second Far Less
Preferred Preferred Preferred
Position Position Position

(111) Higher Chinese proficiency group
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Conditions Classifier-noun
pairs

Strong pl.-HC
impl.

Weak pl.-LC
impl.

Classifier Noun
Constraint rating Frequency Num. of strokes Cloze probability Frequency Num. of strokes
2.7 (0.33) 0.01 (0.01) 8.44 (2.62) 0.45 (0.26) 0.02 (0.03) 11.11 (4.60)
0.00 (0.00) 0.02 (0.02) 12.31(4.91)
3.9(0.32) 0.01 (0.01) 7.72(2.95) 0.04 (0.03) 0.02 (0.02) 11.31 (5.26)
0.00 (0.00) 0.01 (0.01) 11.50 (4.51)

Strong, strongly constraining; weak, weakly constraining; pl.-HC, plausible, high-cloze noun; pl.-LC, plausible, low-cloze noun; impl., implausible noun; Num., number.
Examples: - yi zhan déng, one classifier lamp — ‘a lamp’; — yi zhdn cin, one classifier village; — yi zuo chéng, one classifier city — ‘a city’; — yi zuo fan, one classifier rice.
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Temporal adverb (adv) positions M SD SE

Adv(time) S PP(place) V O 1.57 0.52 0.04
S Adv(time) PP(place) V O 1.38 0.55 0.05
S PP(place) Advitime) V O 0.08 0.97 0.08

Adv(time) = temporal adverb. S = subject, PP(place) = locative prepositional
phrase, V = verb, and O = object. M = mean, SD = standard deviation, and
SE = standard error.
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Chinese sentence with temporal Adv(time) S S Adv(time) S PP(place) X2 test of goodness-of-fit

adverbs PP(place) PP(place) Adv(time)
1 IR RAE R T o 59 64 26 X2(@2) = 17.17, p < 0.001
2 ARG e ARG T « 55 63 31 1.67,p < 0.01
3 RIS R AL L SUERT . 54 70 25 0.95, p < 0.001
4 53 69 27 8.09, p < 0.001
5 49 66 34 0.33,p <001
6 50 70 29 6.93,p < 0,001
7 50 74 25 4.17, p < 0.001
8 TR 51 68 30 459, p < 0,001
9 U A I RZ T R T 56 64 29 X2(2) = 1354, p < 0.001
10 B RUHEA AL ST . 52 70 27 X3(2) = 18.78, p < 0.001
1 & W LAEATIFRT . 51 65 33 X2(2) = 10.36, p < 0.01
12 ERTPRE LN 50 67 32 X2(2) = 12.34,p < 0.01
Total 630 810 348

The sentences with the temporal adverb position after the subject are presented in the table.
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Chinese proficiency

Higher group
Middle group
Lower group

Adv(time) S PP(place)

282
213
135

%

46.08%
34.13%
24.46%

S Adv(time) PP(place)

S PP(place) Adv(time)

274
296
240

%

44.77%
47.44%
43.48%

n %

56 9.15%
115 18.43%
177 32.07%

Total

612
624
552
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Temporal Chinese proficiency

adverb

location Values  Higher group Middle group Lower group Total

Adv(time) S Frequency 282 213 135 630

PP(place) Expected freq 215.6 219.9 194.5 630
Std residual 45 -0.5 -4.3

S Adv(time) Frequency 274 296 240 810

PP(place) Expected freq 277.2 282.7 250.1 810
Std residual -0.2 0.8 -0.6

S PP(place) Frequency 56 115 177 348

Adv(time) Expected freq 119.1 121.4 107.4 348
Std residual -5.8 -0.6 6.7

Std residual refers to a standard residual.
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(4) Adv(time) + S + PP(place) + V 4+ O

Sl L &M T B & R
Sensyl otbto-ga ima-de eiga-o mi-ta.
Ady(time) S NP(place) O V-PST

“The younger brother watched a movie in the living room
Tast week ”
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(5) S + Adv(time) + PP(place) + V + O
E:L = &M T R &
otbto-ga Sensyl  ima-de eiga-o
s Ady(time) NP(place) O

Ri.
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(6) S + PP(place) + Adv(time) +V + O

L EHT S8 R & Rz,
otbto-ga ima-de  Sensyll eiga-o  mi-ta
S NP(place) Adv(time) O V-PST
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Temporal adverb (adv) positions M SD SE

Adv(time) S PP(place) V O 0.87 0.78 0.13
S Adv(time) PP(place) V O 0.68 0.53 0.13
S PP(place) Adv(time) V O —1.40 0.78 0.09

Adv(time) = temporal adverb. S = subject, PP(place) = locative prepositional
phrase, V = verb, and O = object. M = mean, SD = standard deviation, and
SE = standard error.
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(3) S + PP(place) + Adv(time) +V + O

b i3 ot BER LA
jigjie zi shitdng  zudtian  chi
s PREP  NP(place) Adv(time) V
' 7.
fan le.
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Group Predictor ~ Estimate  SE P Oddsratio  Estimate

Pooled group Age 007 006 028 1.07 008
L -0.10 034 077 091 -0.18
Gender -0.35 039 038 071 —0.41
CSLyears  0.70 015 <0001 202 074
3 405 106 <0001  57.52
s 4.49
PS

Sinographo-sphere group Age ~0.01 009 089 099 ~0.005
Gender 001 057 098 1.02 0.02
CSLyears 006 021 078 1.06 0.19
3 7.02 178 <0001 112218
s 6.19
PS

Non-sinographo-sphere group  Age 0.10 010 027 1.11 o011
Gender ~0.48 056 039 062 -058
CSLyears 1.6 026 <0001 851 128
3 291 150 005 18.32
s a1
PS

CSLyrs, years of GSL leaming; P2 phonological method; S, semantic method; PS, phonological and sementic method.
The strongest predictor for each group was in bold.

SE

0.06
0.34
0.40
0.15

1.04

0.09

058

0.20

1.61

0.09

0.57

0.26

1.52

0.18
071
0.30
<0.001

<0.001

0.96

097

0.35

<0.001

022

031

<0.001

0.01

0dds ratio

1.08
0.88
0.66
2.10

89.32

0.99

1.02

121

488.45

112

0.56

358

60.95

Estimate

0.08
-0.04
-0.35
0.78

4.28
0.01
0.08
0.32

5.30
0.1
-0.59
1.27

397

SE

0.08
0.34
0.40
0.15

1.03
0.09
059
0.21

1.56
0.09
057
0.26

152

o1
0.92
0.37
<0.001

<0.001
0.93
090
0.13

<0.001
022
0.30
<0.001

0.01

Odds ratio

1.09
1.04
0.70
218

72.05
1.01
1.08
1.37

200.97
112
0.55
355

52.95
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Group Step Model AlC BIC Rier R change* RZg R2g change* x* df P

Pooled group 1 HSKievel~age-+gender-+L1 353 369 0.001 0,001 273 3 044
2 HSKievel~age-+gender-+L1-+CSLyrs 203 311 0.19 0.189 0.13 0.129 65.4 4 <0001
3a HSKievel~age-+gender-+L1+CSLyrs+P 279 301 023 004 015 002 808 5 <0001
3b HSKlevel~age+gender+L1+CSLyrs+S 274 296 025 0.06 016 0.03 85.7 5 <0.001
3¢ HSKievel~age-+gender-+L1+CSLyrs+PS 276 208 024 005 016 003 839 5 <0001

Sinographo-sphere 1 HSKlevel~age-+gender 184 194 001 001 258 2 028

group 2 HSKlevel~age+gender+CSLyrs 17 183 0.10 0.09 0.07 0.06 176 3 <0.001
3a HSKlevel~age+gender+CSLyrs+P 155 170 020 0.10 013 0.06 354 4 <0.001
3b HSKievel~age-+gender+CSLyrs+S 157 171 0.19 0.09 0.13 0.06 343 4 <0001
ES HSKievel~age-+gender-+CSLyrs+PS 160 175 047 007 011 0.04 306 4 <0.001

Non-Sinographo-sphere 1 HSKlevel~age-+gender 165 174 006 o4 103 2 001

group 2 HSKievel~age-+gender-+CSLyrs 120 132 034 028 022 0.18 56.7 3 <0.001
3a HSKlevel~age-+gender-+CSLyrs+P 118 182 036 002 023 001 606 4 <0.001
3b HSKlevel~age+gender+CSLyrs+S 114 128 039 0.05 024 0.02 64.5 4 <0.001
3c HSKlevel~age+gender+CSLyrs+PS 115 129 0.38 0.04 0.24 0.02 64 4 <0.001

1. "R, change is the difference between the value of R, of the first-step model and the second-step model in each group.

RZ change is the dlifierence between the value of R of the first-step model and the second-step model in each group.

R change and R change indicate the percentage of variance explained by the predictor variables.

2. HSKlevel, the highest level of HSK test participants obtained; CSLyrs, years of CSL leaming; P2 phonological method; S, semantic method; PS, phonological and semantic method.
3. AIC (Akaike information criterion) and BIC (Bayesian information criterion) are criteria for model selection. Models with lower AIC or lower BIC are preferred.

4. The best model for each group was in bold.
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Pooled group 1 2 3 4 5

1. OSL years -

2. HSK level 056 -

3P 056" 054 -

48 051" 054 094 -

5.PS 049 051" 089 088" —
Sinographosphere group

1. CSL years -

2. HSK level 043 -

3P 069 061" -

4s 064 059 095 -

5.PS 060" 055 084 088 —
Non-Sinographosphere group

1. CSL years -

2. HSKlevel 070" -

3P 041 046" =

48 035" 047" 093 -

5.PS 087 048" 094 099 —
**p < 0.001

CHL leamner, learning Chinese as a heritage language; CSL years, years of CSL learning;
CSL years in China, years of CSL learning in China; HSK level, highest level of the HSK test
that participants passed; P, phonological method; S, semantic method; PS, phonological
and semantic method.
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Method

Phonological

Semantic

Phonological and semantic

L1

Fo, 159 = 0.03,
p =085,
B2 =0,02=0

Fus, 159 =021,
p =065,
0,001, 0?

HSK level L1* HSK level
Fe, 156 =81.70,

p <0001,

272 =029,0° =

0.28

Fia, 156 =81.64, Fip, 156 = 0.39,
p <0001, p =068,

P =029,02 = 3 =0004,?
0.28 0

Fe, 156 = 2781, F, 15 =0.12,
p <0001, p =088,

P =026,02= 3?2 =0001,0?

0.25 0
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Variable
L Sinographosphere

Non-Sinographosphere
Age

Years of GSL learning

Phonological method

Semantic method

Phonological and semantic method

HSK4
HSKS5
HSKe
HSK4
HSK5
HSK6
Mean (SD)
ANOVA
Mean (SD)
ANOVA
Mean (SD)
ANOVA
Mean (SD)
ANOVA
Mean (SD)
ANOVA

Group 1

11

11

6

9

11

6
21.8(252)

253 (1.21)

0.53(0.18)

0.48 0.17)

0.46 0.17)

Group 2

1"
11
6
9
1"
6
22.3(3.66)

Fia, 159 = 0.60, p = 055, 52 = 0.007
2.92(1.83)

Fe, 159 =091,p =041, 52 = 001
0.52(0.19)

Fez, 159 = 0.23,p = 0.80, 52 = 0.003
0.47 (0.20)

Fe. 159 =0.21,p = 0.81, 7% = 0.003
0.44/(0.19)

Fe, 159 = 0.26, p = 0.77, 32 = 0.003

Group 3

11

11

6

9

1

6
219(1.78)

2.84/(1.69)

054(0.22)

050 (0.21)

0.47 (0.22)
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Method % of variance explained

SEP
P 66.2% 5.56
S 63.6% 5561
PS 64.6% 5.57

REL

0.97
0.97
0.97

Person
IMNSP
0.97

0.98
097

OMNSP

1.28
1.21
1.35

SEP

6.30
757
8.99

REL

0.98
0.98
0.99

Item
IMNSP
0.98

0.98
0.98

OMNSP

1.7
1.36
1.60

P, phonological method; S, semantic method; PS, phonological and semantic method; SER separation; REL, reliability; IMNSR, infit mean-square, an infier-pattern-sensitive fit statistic;

OMNSR, outfit mean-square, an outlier-sensitive fit statistic.
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Method Item difficulty

Mean sD <0.20 0.20-0.80 >0.80
P 0.53 0.33 23 44 33
S 0.48 0.33 28 44 28
PS 0.46 0.33 32 45 23

P, phonological method; S, semantic method; PS, phonological and semantic method.
*p < 0.001.

Mean

049
0.49
0.49

Item discrimination

sD <0.20
0.20 13
0.16

0.17 8

20.20

81
92
92

Reliabili

097
0.97
0.97

Validity

054"
054
051"
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Group

Pooled group

Sinographosphere

Non-Sinographosphere

HSK level

0.41
0.56
0.68
0.63
0.40
0.56
0.70
0.63
0.43
0.56
0.66
0.54

Phonological method

sD

0.14
0.18
0.16
0.19
0.10
0.19
0.16
0.19
018
0.18
0.16
0.20

MIN

0.17
0.29
0.34
0.17
0.17
0.33
034
0.17
021
0.29
0.47
0.21

MAX

0.85
0.98
1.00
1.00
0.85
0.98
1.00
1.00
072
0.96
1.00
1.00

0.36
0.61
0.63
0.48
0.35
0.52
0.65
0.48
037
051
0.60
0.48

Measurement method

‘Semantic method

sD

0.14
0.18
0.16
0.19
o1
0.19
017
0.20
017
0.18
0.16
0.19

MIN

0.11
0.22
0.30
0.11
0.12
0.26
0.30
0.12
0.1
0.22
0.44
o1

MAX

0.71
0.93
1.00
1.00
071
093
1.00
1.00
067
0.92
1.00
1.00

0.34
0.49
0.60
0.46
033
047
0.60
0.44
036
0.50
0.60
0.47

sD

0.14
0.18
0.18
0.19
0.10
0.19
0.20
0.19
018
0.18
0.16
0.19

0.1
0.22
0.18
o1
011
025
0.30
0.1
on
022
0.18
0.1

Phonological and semantic method

MAX

0.70
0.93
1.00
1.00
0.70
093
1.00
1.00
067
091
1.00
1.00
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B3j = y30 + v31 (ASIP}) + y32 (BSG;j) + v33 (non—SG;j) + ps;j,
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Task Elementary Intermediate Advanced  Group

(n=24) (n=30) (n=28) differences
Reading 037(013)  062(013)  078(0.14)  A>I>E
accuracy

Reading fluency ~ 0.85 (0.30) 1.19(0.34) 1.38(0.33) A=I>E
Word 032(009)  038(012)  049(0.13)  A>I=E
segmentation

Meaningaccess  070(0.17)  081(015)  092(010)  A>I>E
Listening 042(017)  052(018)  078(0.13 Asts
comprehension

Reading 069(0.19)  076(0.18)  0.81(0.13) A=l
comprehension

A—advanced group, I—intemediate group, and E—elementray group; group
differences were tested after ANOVAS with Tukey-HSD correction on p<0.05.
“indicates only two groups (intermedate and advanced) could be compared for the two
tasks, since elementary group was fested on a different version of material. So here is
the t test result.
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Y20 + W2j,
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P1j = Y10 + K,
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Boj = Yoo + Yo1 (ASJP;) + yo2 (BSGj) + vos (non—SG;) + Lo
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Group learned with similar pairs (n = 33)

Group learned with dissimilar pairs (n = 33)

Measure Strategy Pretest Immediate Delayed Adjusted Adjusted Pretest Immediate Delayed Adjusted Adjusted Co-variatesin
posttest posttest Mimmediate Mpost posttest posttest Mimmediate Mpost the ANCOVA
Character writing P 0.07 0.54 0.33 0.55 0.34 0.10 0.57 0.47 0.56 0.46 0.087
(stroke scoring) (0.09) (0.24) (0.20) 0.12) (0.28) (0.23)
K 0.08 0.43 0.32 0.45 0.33 0.09 0.56 0.40 0.55 0.40
(0.10) (0.28) (0.24) (0.10) (0.28) (0.25)
S 0.09 0.41 0.27 0.43 0.28 0.09 0.48 0.40 0.47 0.39
(0.10) (0.26) 0.19 0.11) (0.29) (0.26)
Character writing P 0.04 0.34 017 0.35 0.18 0.05 0.39 0.26 0.38 0.25 0.041
(character scoring) (0.06) (0.23 (0.18) (0.09) (0.29) (0.22)
K 0.03 0.26 0.13 0.27 0.14 0.03 0.33 0.25 0.32 0.25
(0.06) (0.26) (0.15) (0.06) 0.27) (0.24)
S 0.05 0.24 0.15 0.25 0.16 0.05 0.29 0.23 0.28 0.22
(0.07) (0.23) (0.15) 0.07) (0.25) (0.21)
Recognition P 0.46 0.83 0.79 0.84 0.80 0.56 0.81 0.82 0.79 0.81 0.497
(Chinese-to- 0.18) 0.16) 0.19) (0.22) (0.15) 0.16)
English) K 0.43 0.84 0.78 0.86 0.79 0.51 0.81 0.77 0.78 0.77
0.19) 0.16) 0.17) 0.19) (0.15) 0.16)
S 0.48 0.78 0.76 0.79 0.77 0.55 0.82 0.82 0.80 0.81
0.19) 0.17) 0.18) (0.25) 0.16) 0.17)
Recognition P 0.49 0.77 0.70 0.80 0.73 0.53 0i75 0.71 0.71 0.68 0.494
(English-to- 0.22) (0.24) (0.24) (0.28) 0.23) (0.24)
Chinese) K 0.42 0.73 0.67 0.75 0.70 0.50 0.79 0.71 0.76 0.68
(0.23) (0.21) (0.23 (0.20) 0.22) (0.25)
S 0.45 0.76 0.70 0.78 0.72 0.59 0.78 0.79 0.75 0.78
(0.26) (0.23 (0.24) (0.25) 0.22) (0.23

P, Pithy Formulas with key-images; K, key-images; S, stroke sequence; the co-variates, using pretests for calculation, were reported in the SPSS software.
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Yii = Boj + B1j (GENDER;j;) + B2j (AGEj;) + B3j (CCWPy;) + ryj,
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Pretest

Participants (N = 66)

The similar group (n =33) The dissimilar group (n = 33)

1/4/7/10/13/16/19/22/25/28/31 1/4/7/10/13/16/19/22/25/28/31
2/5/8/11/14/17/20/23/26/29/32 2/5/8/11/14/17/20/23/26/29/32
3/6/9/12/15/18/21/24/27/30/33 3/6/9/12/15/18/21/24/27/30/33

P, Pithy Formulas with key-images; K, key-images; and S, stroke sequence.

Learning blocks

P K
S P
K S

~

Post-test

Delayed posttest
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Characters learned Characters learned

in the similar group the dissimilar group
Block 1 Block 2 Block 3 Block 1 Block 2 Block 3
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Estimate SE t-value

(Intercept) 320.37 76.95 4.16*
ISD 0.411 0.049 8.41*
Character frequency —13.56 2.83 —4.65*
Number of strokes 3.81 1.02 3.76*
Configuration 7.56 6.27 1.21
Gender 6.59 72.93 0.09
Reading Score 0.09 0.56 0.16
BoundaryType (Non vs. Logo) —31.62 26.83 —-1.18
BoundaryType (Logo vs. —46.50 37.69 —-1.20
Radical)

Reading Score: BoundaryType —-0.39 0.19 —2.04*
(Non vs. Logo)

Reading Score: BoundaryType 0.72 0.27 2.67F

(Logo vs. Radical)

*p < 0.05; SE, standard error; Non, non-boundary ISI; Logo, logographeme
boundary ISI; Radical, radical boundary ISI.
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Estimate SE t-value

(Intercept) 1.46 0.15 9.85*
Reading score —0.003 0.001 —2.59*
Character frequency 0.067 0.029 2.24¢
Number of strokes —0.072 —0.012 —6.24*
Configuration 0.004 0.023 0.34

Gender —0.008 —0.043 0.29

Reading score: Character frequency —0.0004 0.0002 —2.03*
Reading score: Number of strokes 0.0003 0.00008 4.86*

*o < 0.05; SE, standard error.





OPS/images/fpsyg-13-783898/fpsyg-13-783898-g003.jpg
Learning experience ratings (N = 66)
7.00

5.98
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Likert scale (1 = least, 7

0.00
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# Pithy Formula with Key-image = Key-image i Stroke Sequence
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Left-right Top-bottom

configuration configuration
N 16 16
Mean character frequency” (SD) 1.63 (1.36) 1.06 (0.93)
Mean number of strokes (SD) 11.31 (2.89) 11.38 (3.24)

#Character frequency measured as the count of number of words in the HSK level
1-4 vocabulary list containing the target character.





OPS/images/fpsyg-13-783898/fpsyg-13-783898-g002.jpg
Left panel: Pithy Formulas with Key-images

Middle panel: Key-images

23 ¥
2 F

Right panel: Stroke Sequence

The character 3f represents evaluation.

) Fa

N N
© ©

The judges should say (75) fair (*}*)

The teacher said (;5) something about
evaluations(/¥’) to the athletes.

The character 3§ represents detail.

N/
=3 =
- —
a |7
The character 3 represents evaluation.

The character 3f represents detail.

A A M
© © '

3 y 2
-\ - %
a | a
The character $# represents evaluation. The character 3§ represents detail.

Its correct writing sequence is from top

Its correct writing sequence is from top
to bottom, and then left to right.

to bottom, and then left to right.
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(A presentation depends
on the learning strategy:
P, K,S.

Below illustrates the three
strategies)






OPS/images/fpsyg-12-779190/fpsyg-12-779190-g001.jpg
=. ¥ i BH #
(3£ 50 &, 60 735
% — % »

iRA: 81—100 &, ®WNHTHAE —PMHELHIEE, ABCDYMEEEIE —HEL i
IERIAFERE . WEFRZIIZAEN MR (EESLNFE LE—&RE).

Sl.

82.

83.

84.

filb 3@t T — MR X ER A ) .

A. BE
B. 8%
C.HE
D . FFEk

MIX B B K AE BRIEIET . M E Y,
BAN w5 ) Lah 5

A. R

B. ik

C.HE#

D. K&

SERERARR}”T, DI, B,
2 4F o
A. FH
B. 154y
C. H#E
D. ZH

mr O RBE %, LA M ARE
H TR
A TR
B.%3]
C. g
D. %

85.

86.

87.

88.

It 7 i b B A, AT AN e At R A
eI 4,

A . HfsK

B. %

G — 8

D. {335k

REAMNE &P ERRREALN KR T
—ERE,

A RS

B. Fh{E

C. &%

D. &

BN BNHE b8, W2
T
A B
B. #r
C.#
D.3XE

phEI BRI, dhi: RS RIE,
MNEAFE? ”

A. JFER

B. 9 &

C. 7N

D. B






OPS/images/fpsyg-13-753913/inline_9.gif





OPS/images/fpsyg-13-753913/inline_8.gif
R
MeF





OPS/images/fpsyg-13-753913/inline_7.gif





OPS/images/fpsyg-13-753913/inline_6.gif
R
MeF





OPS/images/fpsyg-13-753913/inline_5.gif





OPS/images/fpsyg-13-753913/inline_4.gif
2

Rycr





OPS/images/fpsyg-13-753913/inline_3.gif





OPS/images/fpsyg-13-753913/inline_2.gif





OPS/images/fpsyg-13-753913/inline_11.gif





OPS/images/cover.jpg
& frontiers | Research Topics.

Reading acquisition
of chinese as a second/
foreign language

Linjun Zhang, Zazh Han and Yang Zhang

Published in
Frontirs in Psychology.






OPS/images/fpsyg-13-783898/cross.jpg
3,

i





OPS/images/fpsyg-12-779190/fpsyg-12-779190-i016.jpg





OPS/images/fpsyg-12-779190/fpsyg-12-779190-i015.jpg





OPS/images/fpsyg-14-783960/fpsyg-14-783960-t003.jpg
Condition Native speakers L2 learners

Unspaced 440 (0.68) 454(0.59)
Word-based spaced 4.60 (0.50) 4.25(0.94)
Nonword spaced 445 (0.76) 4.29(0.95)

475 (0.44) 4.25(085)

455 (0.84) 4.3 (0.61)
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Condition Example sentences

Unspaced (US) SESUE T
Word-based Spaced (WS) A —HE FRRAY .
Nonword Spaced (NW) RO N R .
Pinyin (PY) Nnjing shi yizud méilide chéngshi.

Translation Nanjing is a beautiful city.
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Participants Size Gender Age range, mean, SD (years) Chinese proficiency
Native speakers (NS) 20 5males 15 females 19-43,286,5.6 Native

Chinese as a second language learners (L2 learners) 24 10 males 13 females  18-29,21,2.27 Intermediate
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Character recognition With stroke order animations Without stroke order animations
levels
With radical Without radical With radical Without radical
markings markings markings markings
The character Low- 1132.71(312.89) 1107.91 (313.76) 1097.32 (324.98) 1065.36 (194.85)
recognition test High- 993.78 (255.49) 967.15 (240.60) 983.00 (264.54) 97693 (276.15)
Character-meaning Low- 970.52 (229.70) 955.96 (216.31) 977.96 (219.81) 957.60 (211.70)
matching test High- 896.24 (290.09) 913.87 (295.15) 884.84 (282.81) 884.05 (267.29)
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Character recognition With stroke order animations Without stroke order animations
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Fixed effects Null Model Level 1 Model Level 2 Model Full Model
Coefficient (S.E.) T-ratio Coefficient (S.E.) T-ratio Coefficient (S.E.) T-ratio Coefficient (S.E.) T-ratio
L1s mean (B¢))
Base (yoo) 24.97 (0.59) 42.06"** 21.26 (0.53) 40.36*** 39.35 (1.43) 27.58* 24.68 (0.62) 39.60"**
ASJP (yo1) —0.06 (0.01) —5.66"** —0.06 (0.01) —6.39***
Broad Sinosphere (yo2) —5.31(2.98) —1.78 —6.62 (2.64) —2.50**
Non-Sinosphere (yos) —9.64 (2.18) —4.40% —10.71 (1.92) —5.56"*
Gender (4;) (Male = 1)
Base (y10) —0.56 (0.18) —3.11* —0.48 (0.18) —2.75**
Age (Bg)) (Adult = 1)
Base (y20) 0.46 (0.44) 1.03 0.47 (0.45) 1.04
CCOWP (Bg) (high level = 1)
Base (y30) 12.50 (0.36) 3517 12.48 (0.34) 36.73**
ASJP (yz1) —0.06 (0.00) —12.03***
Broad Sinosphere (y3z2) —0.12(0.81) -0.15
Non-Sinosphere (y3z3) 0.72 (0.65) 1.12
Random effects Variance (SD) Chi-square  Variance (SD) Chi-square Variance (SD) Chi-square Variance (SD) Chi-square
Between-L1s means (too) 21.56 (4.64) 19,56156.67** 9.32 (3.05) 468.27 12.01 (3.47) 12,496.10** 16.62 (4.08) 5491.26™**
Gender slope (t10) 0.81 (0.90) 121:50"* 0.75(0.87) 182.79**
Age slope (t20) 4.43 (2.15) 1,025.48** 3.60 (1.90) 677.82"*
CCWP (t30) 4.63 (2.10) 536.02** 4.40(2.10) 529.31**
Within-L1s (62) 88.10 9.39 58.65 (7.66) 58.65 (7.66)
Deviance 544,198.22 514,166.28 544,252.92 514,178.90

1. CCWP is the abbreviation of Chinese character writing proficiency; 2. Values of final estimation of fixed effects are reported with robust standard errors; 3. *p < 0.05,
**p < 0.01, and **p < 0.001, 4. NSG is the reference category in the analysis.
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Children (N = 8,053) Adult (N = 38,464)

Mean SD Mean SD
NSG (N = 46,517) CSL reading proficiency 26.35 9.42 30.61 9.44
CCWP 6.67 3.91 7.73 3.95
Age 16.01 1.69 25.39 7.39
Language distance 95.76 5.71 97.05 5.02
N % N %
Gender Male 4,756 59% 18,539 48%
Female 3,297 41% 19,925 52%
BSG (N = 6,897) Mean SD Mean SD
CSL reading proficiency 25.45 10.61 26.31 9.22
CCwWP 6.44 4.35 6.47 4.11
Age 16.57 1.48 22.90 4.20
Language distance 98.70 11.20 98.82 9.79
N % N %
Gender Male 257 46% 2,198 35%
Female 301 54% 4,141 65%
Non-SG (N = 20,948) Mean SD Mean SD
CSL reading proficiency 21.49 10.42 23.74 10.29
CCWP 4.34 4.14 4.23 4.05
Age 16.68 1.45 22.91 4.40
Language distance 98.78 10.93 100.19 7.43
N % N %
Gender Male 860 54% 9,918 51%
Female 727 46% 9,443 49%

1. CCWP is the abbreviation of Chinese character writing proficiency; 2. NSG (Narrow Sinosphere Group) includes Japan, North Korea, South Korea, and Vietnam, BSG
(Broad Sinosphere Group) includes Laos, Cambodia, Thailand, Burma, Malaysia, Singapore, Indonesia, Brunei, the Philippines, and East Timor; Non-SG (Non-Sinosphere
Group) includes countries outside East Asia.
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Family

Afro-Asiatic

Altaic

Mongol/Khamnigan

Austro-Asiatic Khmer/Cambodian
Vietnamese

Austronesian

Tagalog/Filipino

Dravidian

Indo-European

L1

Amharic
Arabic
Hebrew
Somali

Azerbaijani

Kazakh

Turkish
Turkmen
Uyghur
Uzbek

Fijian

Indonesian

Malagasy
Malay
Samoan

Tamil
Telugu
Albanian
Armenian
Assamese
Belarusian
Bengali
Bulgarian
Catalan
Czech
Danish
Dutch
English
French

767
36
37
39

1,886
2,931

634

137

430
98

149

4,369
4
1,991
6
55
27
45
38

497
15
19

5
9
50
66
4
60
37
104
2,518
1,446

Linguistic distance

100.99
101.49
102.77
99.81
100.60
99.61
99.48
101.63
101.61
99.35
99.96
100.562
101.31
98.95
100.62
100.26
101.41
100.34
94.68
99.49
100.28
100.97
98.11
100.16
101.81
101.62
99.81
100.50
102.01
101.48
100.14
102.40
101.86

Family

Indo-European

Japanese
Kartvelian
Korean
Niger-Congo
Sino-Tibetan

Tai-Kadai

Turkic
Uralic

L1

German
Greek
Hindi
Italian
Latvian
Lithuanian
Marathi
Nepali
Norwegian
Persian
Polish
Portuguese
Romanian
Russian
Serbian
Sinhala
Slovak
Spanish
Swedish
Tajik
Ukrainian
Urdu
Japanese
Georgian
Korean
Swahili
Burmese
Chinese
Lao
Thai
Kyrgyz
Finnish
Hungarian

738
19
853
611

11

206
28
47
121
187
37
4,550
16
74
23
632
101
114
146
592
11,124
11
30,408
52
160
307
710
3,696
171
50
36

Linguistic distance

102.35
102.88
102.83
100.33
94.76
99.03
101.81
100.20
102.12
100.93
102.23
101.75
101.056
100.28
101.156
99.49
102.64
98.66
100.88
100.58
97.08
100.17
98.40
99.43
95.91
99.93
100.79
0.00
100.8
99.06
99.53
98.58
101.43

Sort in alphabetical order.
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Group Contrast Estimate SE t-value p-value
comparison
models
L2 learners vs. SR (English vs. 0.95 0.39 247 0.01*
Chinese controls Chinese)
SR (Korean vs. —0.83 0.36 —-2.34 0.02*
Chinese)
SR (Japanese vs. —0.54 0.36 —1.50 0.13
Chinese)
OR (English vs. 1.26 0.36 3.46  0.0005***
Chinese)
OR (Korean vs. 0.46 0.36 1.28 0.20
Chinese)
OR (Japanese vs. 0.43 036 119 0.28
Chinese)
Korean/Japanese SR (Korean vs. —-1.79 0.38 —4.73 < 0.0001***
vs. English learners  English)
SR (Japanese vs. —1.49 0.38 —3.92 < 0.0001***
English)
OR (Korean vs. —0.79 0.35 —-229 0.02*
English)
OR (Japanese vs. -0.82 0.35 —-2.34 0.02*
English)
Korean vs. SR (Korean vs. —0.29 0.31 —-0.94 0.35
Japanese learners  Japanese)
OR (Korean vs. 0.03 0.31 010 0.92
Japanese)

Formula in R: dclPos~ rcType + Native Language + rcType: Native Language + (1
| subject) + (1 | item). **p < 0.001; *p < 0.05.
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L2 learners

L1-English (Li J., 2013)

L1-Japanese (Lyu and Wu, 2017)

L1-Korean (Wu and Lyu, 2016)

SR OR SR OR SR OR
# (%) # (%) # (%) # (%) # (%) # (%)
DCL/NCL-1st 42 (91.30%) 7 (58.33%) 27 (84.38%) 15 (100%) 25 (80.65%) 6 (35.29%)
DCL/NCL-2nd 4(8.70%) 5 (41.67%) 5(15.63%) 0(0%) 6(19.35%) 11 (64.71%)
Total 46 (100%) 12 (100%) 32 (100%) 15 (100%) 31 (100%) 17 (100%)
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Utterance type

Chinese controls (N = 22)

English learners (N = 25)

Japanese learners (N = 23)

Korean learners (N = 24)

SRC# (%) ORCH# (%) SRC# (%) ORCH## (%) SRC# (%) ORCH# (%) SRC# (%) ORCH# (%)
Target utterance 241(91.3) 228(86.4) 221 (73.7) 251 (83.7) 240 (87.0) 252 (91.3) 257 (89.2) 268 (93.1)
Grammatical but unexpected 14(5.8) 24 (9.1) 12 (4.0) 4(1.9) 9(3.9) 7(2.5) 5(1.7) 2(0.7)
Ungrammatical 9(3.4) 12 (4.5) 59 (19.7) 30 (10.0) 23(8.3) 17 (6.2) 24 (8.3) 14 (4.9
No response 0 0 8(2.7) 15 (6.0) 4(1.4) 0 2(0.7) 4(1.4)
SUM 264 (100) 264 (100) 300 (100) 300 (100) 276 (100) 276 (100) 288 (100) 288 (100)





OPS/images/fpsyg-12-794500/fpsyg-12-794500-t004.jpg
Condition

Chinese controls SR
OR
English learners SR
OR
Korean learners SR
OR
Japanese learners SR
OR

Estimate

1.07
—0.87
2.08
0.46
0.18
—0.34
0.46
—0.36

SE

0.30
0.32
0.35
0.31
0.25
0.25
0.21
0.20

t-value p-value

3.56 0.0004*
—2.68 0.007*
589 < 0.0001***

1.48 0.14

0.71 0.48
—1.34 0.18

2.22 0.03*
-1.76 0.08

Formula in R: dclPos~ rcType + (1 + rcType | subject) + (1 | item). ***p < 0.001;

*p < 0.01; "p < 0.05.
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Study Total Correlation COR 95%-Cl Weight

Hao&Zhou 2019 30 —H—— -0.52 [-0.74; -0.20] 18.1%
Zhou& Mcbride 2015 40 —i— -042 [-0.65;-0.12] 21.8%
Hao&Zhou 2019 30 —— -0.35 [-0.63; 0.01] 18.1%
Hao&Zhang 2006 41 —i— -0.34 [-0.58;-0.03] 221%
Chang 2011 K1e) 52 0.05 [-0.29; 0.38] 20.0%
Random effects model 176 T — -0.32 [-0.49;-0.13] 100.0%

Heterogeneity: /° = 41%, ©°=0.0218,p =015 ' ! [
-06-04-02 0 0204 06
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Study

Zhou& Mcbride 2015
Liuetal. 2020
ZHANG 2017
Zhouetal. 2018
ZHANG 2017
ZHANG 2017
ZHANG 2017
Hao&Zhou 2019
Hao&Zhou 2019

Random effects model

Heterogeneity: /2 = 68%, t° = 0.0332, p < 0.01 '

Total

40
30
115
34
115
115
115
30
30

624

Correlation

_._

_
——
— i

.
"
—

o
©
o

-

COR

0.06
0.16
0.18
0.30
0.32
0.39
0.53
0.60
0.72

0.38

95%-Cl

[-0.26; 0.36]
[-0.21: 0.49]
[0.00: 0.35]
[-0.04; 0.58]
[0.15; 0.48]
[0.23: 0.54]
[0.38: 0.65]
[0.31; 0.79]
[0.49: 0.86)

[0.24; 0.50]

Weight

9.8%
8.4%
14.0%
9.0%
14.0%
14.0%
14.0%
8.4%
8.4%

100.0%
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Target picture

Characters pronunciation characters’ meanings
Option-1 L [Iu] (35) [colors of sun]

Option-2 H [uei] (65) [light rain]

Option-3 5 [cien] (65) [tender (for describing hands)]
Option-4 Ef [ts"u] (214) [cloth]

Pronunciation and characters’ meanings were not provided in the real task.
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Study

Hao&Zhang 2006
Zhouetal. 2018
ZHANG 2017
ZHANG 2017
ZHANG 2017
ZHANG 2017
Hao&Wang 2020
Hao&Wang 2020
Hao&Zhang 2006
Chang 2011

Random effects model

Heterogeneity: /% = 73%, ©° = 0.0434, p <0.01 '

Total

41
34
115
115
115
115
30
30
41
35

671

Correlation

o

COR

0.02
0.08
0.12
0.17
0.42
0.45
0.46
0.51
0.63
0.67

0.36

95%-ClI

[-0.29: 0.32]
[-0.27: 0.41]
[-0.06: 0.30]
[-0.01: 0.34]
[0.26; 0.56]
[0.29: 0.58]
[0.12:0.70]
[0.18:0.74]
[0.40: 0.78]
[0.43:0.82]

[0.22; 0.49]

Weight

9.2%
8.4%
12.2%
12.2%
12.2%
12.2%
7.9%
7.9%
9.2%
8.6%

100.0%
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k
Radical 24
identification
Radical analysis 20
Character 40
recognition
Character -
manipulation
Reading 100
comprehension
(Week 18)

Mean

0.52

0.40
0.35

0.45

Standard
deviation (SD)

0.26

0.19
0.14

3.53

0.11

95% Confidence interval

Lower limit Upper limit
0.47 0.57
0.36 0.44
0.32 0.38
6.18 7.56
0.43 0.47

k, item number. Means, SDs, and 95% confidence interval pertain to proportion of
correct choice of items in all the tasks except for the character manipulation task.
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Study

Zhou& Mcbride 2015
Hao&Zhou 2019
ZHANG 2017
Hao&Zhou 2019
ZHANG 2017
Zhang& Roberts 2021
ZHANG 2017
Chang 2011
Hao&Zhou 2019
Juetal. 2021
ZHANG 2017
Hao&Zhou 2019
Zhouetal. 2018
Hao&Zhang 2006
Hao&Zhou 2019
Hao&Wang 2020
Hao&Wang 2020
Hao&Zhou 2019

Random effects model

Heterogeneity: /° = 65%, 1> = 0.0354, p < 0.01 '

Total

40
30
115
30
115
83
115
35
30
70
115
30
34
41
30
30
30
30

1003

Correlation

COR

-0.06
0.03
0.14

o 0.29

- 0.30

- 0.30

W 0.30

.
— 0.35
——

0.33

0.41
0.47
0.54
0.54
0.57

0.64
0.69
0.74

0.41

—
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+
e 0.62
-
e
——
g
I

95%-Cl

[-0.36; 0.26]
[-0.33; 0.39]
[-0.05; 0.31]
[-0.08; 0.59]
[0.12; 0.46]
[0.09: 0.48]
[0.13; 0.46]
[0.00; 0.60]
[-0.01; 0.63]
[0.19: 0.59]
[0.31: 0.60]
[0.22; 0.75]
[0.25; 0.74]
[0.32: 0.75]
[0.33; 0.80]
[0.36; 0.81]
[0.44; 0.84]
[0.52; 0.87]

Weight

5.3%
4.5%
7.4%
4.5%
7.4%
6.9%
7.4%
4.9%
4.5%
6.5%
7.4%
4.5%
4.9%
5.3%
4.5%
4.5%
4.5%
4.5%

[0.31; 0.50] 100.0%
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Identification

Screening

Included

Records identified from
databases:
English (n=486)
Chinese (n=500)

\ 4

Additional records
identified through

(n=3)

references and experts:

Records before screening (n=989)

Records after duplicates

Duplicate records removed (n=38)

y

removed (n=951)

\4

English (n=66)
Chinese (n=104)

Full-text articles assessed for eligibility

Abstracts excluded (n=781)

J

y

Studies included in me
English (n=5)
Chinese (n=5)

ta-analysis

Full-text articles excluded(n=160)
reasons:

eNo full text

eNot Chinese or English articles
elVleta-analysis or review articles
eEnglish as an L2 or EFL/ESL
learners

eParticipants’ L1 is Chinese or
Cantonese or they come form a
bilingual family where
Mandarin/Cantonese is the dominant
language

eDid not contain both Chinese
cognitive factors(e.g.

PA MA,OA,RAN) and Chinese
reading measures

eDid not provide raw correlations
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Study Total

SubLOS = Advanced learners

Zhou& Mcbride 2015 40
ZHANG 2017 115
ZHANG 2017 115
ZHANG 2017 115
Juetal. 2021 70
ZHANG 2017 115
Random effects modei 570

Hete eity: I =63%., ™ =0.0192. p=0.0

SubLOS = Beginning learners

Hao&Zhou 2019 30
Hao&Zhou 2019 30
Zhang& Roberts 2021 83
Chang 2011 35
Hao&Zhou 2019 30
Hao&Zhou 2019 30
Zhouetal. 2018 34
Hao&Zhang 2006 41
Hao&Zhou 2019 30
Hao&Wang 2020 30
Hao&Wang 2020 30
Hao&Zhou 2019 30
Random effects model 433

Heterogeneity: /I = 55%, ©° = 0.0380, p = 0.01

Random effects model 1003
Heterogeneity: /° = 65%, 1> = 0.0354, p < 0.01

Correlation

=
_._._
o

-0.5 0 05

COR

-0.06
0.14
0.30
0.30
0.41
0.47
0.28

0.03
0.29
0.30
0.33
0.35
0.54
0.54
0.57
0.62
0.64
0.69
0.74
0.49

0.41

95%-Cl

[-0.36; 0.26]
[-0.05; 0.31]
[0.12: 0.46]
[0.13: 0.46]
[0.19:0.59]
[0.31: 0.60]
[0.15; 0.41]

[-0.33; 0.39]
[-0.08; 0.59]
[0.09: 0.48]
[0.00; 0.60]
[-0.01; 0.63]
[0.22: 0.75]
[0.25: 0.74]
[0.32;0.75]
[0.33: 0.80)]
[0.36; 0.81]
[0.44: 0.84]
[0.52;0.87]
[0.36; 0.59]

[0.31; 0.50]

Weight

5.3%
7.4%
7.4%
7.4%
6.5%
7.4%
41.6%

4.5%
4.5%
6.9%
4.9%
4.5%
4.5%
4.9%
5.3%
4.5%
4.5%
4.5%
4.5%
58.4%

100.0%
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Fixed effects

Intercept

Type of valence
Semantic Relatedness
Prime word frequency
Word frequency of idiom
Listening

Spoken

Reading

Writing

AoA

First language

Type of valence x Semantic Relatedness

Estimate

1:19
-0.09
0.54
0.02
0.04
0.09
0.12
-0.04
0.18
-0.01
-0.37
0.91

SE

0.14
0.22
0.31
0.02
0.10
0.18
0.15
0.13
0.14
0.01
0.22
0.45

z

8.28
-0.40
175
1.43
0.37
0.52
0.81
-0.33
1.32
-0.76
-1.71
2.04

P

< 0.001**
0.69
0.08
0.16
0.71
0.61
0.42
0.74
0.19
0.45
0.09
0.076

**p < 0.001.
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Fixed effects

Intercept

Type of valence
Semantic Relatedness
Prime word frequency
Word frequency of idiom
Listening

Spoken

Reading

Writing

AoA

First language

Type of valence x Semantic Relatedness

Estimate

7.38
0.04
0.05
0.24
-0.03
-0.04
0.02
-0.01
-0.07
0.01
0.06
-0.15

SE

0.19
0.03
0.04
0.02
0.01
0.05
0.05
0.04
0.04
0.00
0.07
0.06

t

38.30
1.36
1.44
1.43

-2.05

-0.90
0.43

-0.18

-1.83
1.28
0.88

-2.36

P

< 0.001**
0.18
0.16
0.16

0.047*
0.38
0.67
0.86
0.08
0.21
0.39
0.02*

0 < 0.05; ***p < 0.001.
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Type of valence Positive idiom Negative idiom

RTs

Related 1034(333) 1168(339)
Unrelated 1162(357) 1149(353)
ACC

Related 0.75(0.15) 0.64(0.19)

Unrelated 0.72(0.24) 0.80(0.14)
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Condition Semantic Frequency Strokes
relatedness

Related prime words in 6.04(0.34) 40106(58132) 17.33(3.84)

positive idioms

in negative idioms 6.07(0.58) 10488(10074) 17.08(4.29)

Unrelated prime words 1.35(0.30) 8092(13258) 15.00(5.75)

in positive idioms

in negative idioms 1.13(0.10) 11524(16923) 16.33(4.89)

This table demonstrates the semantic relatedness between the prime words and
emotion idioms, the corresponding frequency, and strokes of prime words.
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No. Chinese idioms Related word, Unrelated word, Pinyin and

Pinyin and English translation
English
translation
1 BAVEEE /XN nian/ new year  #E#i1/jian pan/ keyboard
2 WEFRE LA/ wiv/gift A% 11Y/zhi jin/ tissue
3 FHINE B Hll/shiye/ business i §Ynao zhong/alarm clock
4 S =W Rl /chéng jiu/ I 35/00 li/ glass
achievement
5 FZEZE K5 /jing shén/ spirit H Jfi/n W/ calendar
6 REFIE M v6u sheng/ bt d/ land
winning
7 FHEEE  ER/sheng I victory B 7ii/chuang lian/ curtain
8 TR A 4% /zan yang/ praise VD /sha mo/ desert
9 KRB £%F/héi zi/ children Ji T /ce sud toilet
10 ERRER R A /qu wén / F5 Avshi bén/ book
anecdotes
11 KA A {E b /chéng chii/ F- 7% /shdu bido/ watch
punishment
12 BRWE 45 R/é i ending HY5E /qjan bi/ pencil
13 KE =5 ZFEh/quantow/ fist i jido daif sticky tape
14 TEhe ki kR /hus zai fire 3 HY/ping gud/ apple
15 UL T R F J& /méo dun/ [ z/béi yun/ cloud
contradict
16 DA &AMy wai/ accident 1% [ /xiang pi/ rubber
17 Wi KB DR RH/ka shéng/ cry [ 5%/béi cai/ cabbage
18 Y RN 25 /nu g/ anger {4 /xian hua/ flowers
19 PIRRHE JEIK /htn K ZE/hud ché/ train
zhang/scoundrel
20 FPkUNE A /pi i/ temper P /shu ye/ leaf
21 EH AR FB/gul guai/ monster  [fj £, /mian bao/ bread
22 Tt Az J&#ia shi/ situation A ARAT U/ clothes
23 AR JERE/e gun/ villain A4 A8 /meng xidng/ dream
24 Bdgg g/ fen/ Indignant VK 4fi/oing xiang/ fridge

This table demonstrates 12 positive idioms from No. 1 to 12 and 12 negative idioms
from No. 13 to 24 with their related and unrelated prime words.
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Fixed effects Estimate SE z p

Intercept 1.97 0.27 17 < 0.001**
Type of valence -0.43 0.33 -1.30 0.195

“*ip < 0.001.
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Age
Education (years)

SES (1-7)

1Q(0-72)

L1 Proficiency (1-10)

L2-Chinese Learning History (years)
L2 Listening Proficiency (1-10)

L2 Speaking Proficiency (1-10)

L2 Reading Proficiency (1-10)

L2 Writing Proficiency (1-10)

L2 Reading Gomprehension (1-40)

34
34

34

34
34
34
34

Minimum

20,00
15.00
2.00
26.00
5.00
1.00
2.00
1.00
1.00
1.00
4.00

Maximum

27.00
23.00
5.00
70.00
10.00
7.00
800
9.00
9.00
8.00
40.00

Mean

22,79
17.62
315
55.91
9.15
3.41
676
474
482
479
2450

172
2.09
0.66
961
118
180
192
208
2,60
251

11.93
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Fixed effects Estimate SE t p

Intercept 6.82 0.05 135.34 < .001***
Type of valence 0.10 0.05 2.24 0.036 *

0 < 0.05; ***p < 0.001.
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Type of valence Positive idiom Negative idiom

RTs 961(326) 1077(352)
ACC 0.84(0.13) 0.79(0.17)
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No. Chinese Pinyin English translation
idioms

1 /i gi yang yang/ To be bursting with happiness

2 /xing gao cai lie/ To be in good spirits

3 /chan feng déyi/  To be extremely proud of one’s success

4 /XN man yi z0/ To be fully satisfied and content

5 /shén cai yi yi/ To be in good out of a bandbox

6 /Xin xi rud kuang/ To be wild with joy

7 /shdu wu zU dao/ To dance with joy

8 /man mian chdn feng/ To shine with happiness

9 /huan tian xi di/ To be elated and happy

10 /méi féi se wi/ To beam with joy

11 /da kuai rén xin/ This cheers the people greatly

12 /jie da huan xi/ To the satisfaction of all

13 /hud mao san zhang/ To fly into a rage

14 /jing huang shi cuo/ To be panic-stricken

18 /Xan luan rd m&/ To be utterly upset

16 /Xn jird fén/ One’s heart is torn with anxiety

17 /hao téo da ku/ To cry bitter tears

18 /nu fa chong guan/ To bristle with anger

19 /b6 ran da nu/ To burst into anger

20 /bao tiao ra 1éi/ To stamp with fury

21 /méo gt sdng ran/ To be thrilling

22 /zhui zhui bu an/ To be anxious and fearful

23 /nu ai chdng tian/ To be furious

24 /nt hud zhong shao/ To simmer with rage

This table demonstrates 12 positive idioms from No. 1 to 12 and 12 negative idioms
from No. 13 to 24 with Pinyin and English translation.
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Condition Valence Frequency Strokes

Positive idiom 5.67(0.16) 15620(973.53) 33.33(6.18)
Negative idiom 2.37(0.12) 1259.3(650.91) 32.16(7.47)
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MNI coordinates

Regions H BA Voxels Value of Z
x y z

L1 group

Inferior frontal gyrus L a5 1,506 6.16 -54 23 17
Inferior frontal gyrus L a7 551 -30 29 -1
Precentral gyrus & 6 408 -a2 2 a5

Superior frontal gyrus L 6 534 456 -6 14 59
Superior frontal gyrus L 8 449 -6 23 55
Frontal pole L 9 456 -6 53 a5

Superior temporal . . 20 wea o7 5

gyrus
Middle temporal gyrus L 21 458 -54 -a7 -1

Caudate L - 253 468 -9 1 10

Caudate R - 168 465 12 1 -1

L2 group

Inferior frontal gyrus L a5 1,108 568 54 29 20
Inferior frontal gyrus L 44 5.44 -45 1 24
Inferior frontal gyrus 12 a7 508 -36 32 -15
Precentral gyrus L 6 372 -54 -1 48

Medial frontal gyrus L 8 339 425 -3 17 52
Anterior cingulate & 5 - 5 55 -
cortex

Fusiform gyrus L a7 598 461 -42 -a6 -15
Middle occipital gyrus L 19 401 -36 -94 13

Middle occipital gyrus R a7 161 437 42 -88 13

Pallidum R - 709 456 9 -1 -5
Caudate R - 421 12 14 -1
Parahippocampal . _ 55 § = =5
gyrus.

Inferior frontal gyrus R a7 391 27 26 -8
Midbrain L - 449 -3 -19 -22
Putamen L - 357 -15 5 -8
Parahippocampal & _ % 45 g i
gyrus.

Thalamus | - 3.19 0 -7 3

L2 group>L1 group.

Fusiform gyrus I3 a7 537 390 42 -15
Middle occipital gyrus L 19 3.42 -33 3
Inferior occipital gyrus L 19 315 -39 -8

Middle occipital gyrus R 19 306 379 30 3
Inferior temporal gyrus R 19 329 a5 -12
Superior parietal R 7 326 30 8
lobule

L1 group>L2 group.

Insula L - 721 422 -33 -16 10
Temporal pole L 38 3.00 51 8 -15
Middle/Superior L 21 351 -66 22 -1
temporal gyrus

Supramarginal gyrus i 40 11 314 -51 2
Superior temporal L 41 306 48 20
gyrus.

Insula R - 809 414 33 -13 6
Putamen R - 410 30 -7 -1
Temporal pole R 38 361 36 8 -2
Middle temporal gyrus R 21 299 63 -16 -8
‘Superior temporal R 22 324 66 -13 3
gyrus

Al the reported areas were set to a voxel-wise threshold of p=0.005 and 100 cluster extent to achieve the FWE-corrected threshold of p<0.05 at the cluster level. H, Hemisphere:
L, Left; R, Right; I, Interhemispheric; BA, Brodmann area. Bold areas for main peaks.
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Paths B SE CR (2) p

Radical A <— Radical | 0.190 0.058 1.956 0.050
Character R < Radical | 0.155 0.084 1.660 0.097
Character R < Radical A 0.322 0.142 3.462 <0.001
Character M <« Radical | 0.123 0.041 1.674 0.094
Character M <« Radical A 0.291 0.072 3.808 <0.001
Character M < Character R 0.495 0.048 6.438 <0.001
Reading C <« Character R 0.338 0.203 3.147 0.002
Reading C < Character M 0.248 0.327 2.303 0.021

radical I, radical identification ability; radical A, radical analysis ability; character R,
character recognition ability; character M, character manipulation ability; reading C,
reading comprehension in Week 18.
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Reading Direct effect Indirect effect Total effect
comprehension in

Week 18

Radical | = 0.144* 0.144*
Radical A = Q.221* 0.221**
Character R 0.338* 0.122* 0.461**
Character M 0.248* - 0.248*

radical I, radical identification ability; radical A, radical analysis ability; character R,
character recognition ability; character M, character manipulation ability. *p < 0.05

and *p < 0.01.
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Measures 1 2 3 4 5

1. Radical identification - 0.190~ 0.216* 0.285™ 0.298*
2. Radical analysis - 0.352*** 0.489** 0.295"
3. Character recognition ; = 0.624** 0.493"*
4. Character manipulation = 0.459™

5. Reading comprehension (Week 18) -

~p =0.05; "p < 0.05; *p < 0.01; and *p < 0.001.





