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Abstract

Because compound words comprised of two (or more) constituents make up the majority of
Chinese vocabulary, understanding how they are processed and identified is critical for
understanding the mechanisms that support the reading of Chinese. This meta-analytic review
thus investigated whether Chinese compound words are processed and identified in a
compositional versus holistic manner. Our meta-analysis includes 268 constituent effect sizes
derived from 81 studies involving 5,911 participants. Overall, we found a statistically
significant, albeit small, constituent effect (Hedges’ grm = 0.22, 95% CI[0.18, 0.25]). The
magnitude of this effect varied across study designs, being significantly larger when words
were presented in isolation than within sentences, and in studies using preview methods
rather than natural reading. Consistent with compositional processing, evidence from both
behavioral and neurophysiological experiments also suggested that constituent effects
occurred at the orthographic, phonological, and semantic processing levels. These findings
highlight the significant role of constituents in Chinese compound-word identification,
encompassing both form and semantics. Finally, although these discoveries have significant
implications for existing and future models of Chinese reading, we should warn the readers
that the averaged effect sizes should be interpreted with caution. The present study showed
substantial heterogeneity, which calls for future studies to understand the underlying reasons

for the variabilities across studies.
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Public Significance Statement

This meta-analysis suggests that, in Chinese reading, individual constituents of compound
words have a small but significant facilitative effect on their orthographic, phonological, and
semantic processing across different word presentation methods and tasks. These findings are
important for understanding how compound words are processed and identified in Chinese
but also shed light on the universal mechanisms of compound-word processing across
languages. These findings also suggest that the unique properties of a language’s script
influence the cognitive mechanisms that support word identification. In the future, the

findings from this study may help improve the efficiency of Chinese language instruction.

Keywords: Chinese reading, compound words, lexical processing, meta-analysis,

reading models
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What Roles Do Constituents Play in the Identification of Chinese Compound Words? A

Meta-Analytic Review

The world is full of hierarchical structures, with the rules and forms of language being a
prime example (Pinker, 2000). For example, one common hierarchical structure in language
is the class of compound words. Compound words are morphologically complex words
consisting of two or more free morphemes, such as snow and ball in the compound word
snowball. Compound words are important components of human language as they provide
greater efficiency in communication and more possibilities for the creation of new words,
increasing the capacity for free expression and allowing languages to evolve (Libben, 2014).
Compound words are particularly common in Chinese, being formed by combining two or

more characters. For instance, the character & (meaning snow) and A (meaning man) can be
combined to form the compound word = A (meaning snowman). Because of their important

role in language, psycholinguists are interested in understanding how compound words are
represented in memory and how they are processed when they are encountered in speech and
during reading.

In the current article, we aim to examine compound-word processing during the reading
of Chinese. Our decision to focus on compound-word processing during Chinese reading is
motivated by two considerations. First, although Chinese is an important world language
spoken by approximately 1.3 billion people, it has remained relatively understudied by
reading researchers despite its marked differences from the alphabetic scripts that have been
the focus of most research (for discussion of these issues, see Reichle & Yu, 2024). Second,
although all writing systems allow readers to use the orthographic forms of words to access
their pronunciations and meanings from memory, different writing systems also have unique

features that may affect how compound words are processed (Libben & Jarema, 2006). For
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example, because Chinese language makes extensive use of compounding, it is ideally suited
to address the questions of how compound words are represented and accessed.

Indeed, many studies have examined the processing of Chinese compound words.
These studies mainly focused on how these individual constituents affect compound-word
processing, with the presence of constituent effects supporting a compositional view in which
the meanings of a word’s constituents are used to construct the meaning of the word, and the
absence of such effects supporting a holistic view in which the meaning of the word is
directly accessed from memory (e.g., see Taft et al., 1994; C. Wang & Peng, 1999; Yan et al.,
2006). Unfortunately, these studies have yielded mixed results that have prevented strong
conclusions about compound word processing and whether they are identified in a
compositional or holistic manner. This paper therefore provides a systematic review of the
evidence for constituent effects in the reading of Chinese compound words using meta-
analytic techniques. By doing this, we aim to provide a more comprehensive account of
Chinese compound-word processing and thereby advance our understanding of word
identification.

In the remainder of this article, we first review some basic facts about Chinese
compound words. We then review the key findings related to constituent effects in Chinese
compound-word processing and identify potential moderators of these effects. We then
introduce several models of compound-word processing and discuss points of theoretical
contrast among those models. Finally, we describe the method and results of two meta-
analyses that were conducted to estimate the overall size of constituent effects and their
potential moderators using both behavioral and neurophysiological evidence.

Chinese Compound Words
Compounding is the predominant method of word formation in Chinese, accounting for

over 80% of vocabulary (Institute of Language Teaching and Research, 1986). In Chinese,
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compound words typically consist of two or more characters, which are the fundamental
written units. Each character represents a syllable and many of them can serve as stand-alone
words. Consequently, most characters also correspond to a morpheme, the smallest unit of
meaning within a language, although a very small number of morphemes require two or more
characters. Constituents thus refer to the orthographic subunits that comprise compound
words and that can correspond to either characters or morphemes. Although for the purpose
of facilitating exposition we use the more generic term “constituent” to refer to both, it is
important to acknowledge that they can be distinguished.

Given the prevalence of compound words in Chinese reading, it is important to
understand how they are processed and identified. In contrast to most other languages, the
Chinese writing system has three distinctive characteristics that might favor compositional
processing of compound words. First, the absence of spaces between words in Chinese text
likely eliminates the use of low-level visual information to demarcate most word boundaries.
This presumably makes it difficult to process compound words holistically because their
constituent characters are not perceived as being grouped together. Second, although Chinese
text lacks explicit word-boundary markers, there are small spaces between the characters that
allow them to be perceived and processed as discrete units. Finally, as noted earlier,
individual characters usually correspond to single syllables and morphemes in Chinese,
which might make them the natural units of processing during reading. Therefore, due to the
visual structure of the writing system and the morpho-syllabic structure of Chinese, one
might reasonably predict that the processing of Chinese compound words should be
compositional in nature.

However, three other characteristics of Chinese might encourage readers to process
compound words in a holistic manner. First, compared to alphabetic languages, Chinese

words are shorter and less variable in length, with two-character words being the most
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common, followed by three- and four-character words (Huang et al., 2024). This means that
multiple-character words can usually be perceived from a single fixation. Second, individual
characters often correspond to multiple morphemes having different meanings. Because of
the prevalence of polysemous morphemes in Chinese and the resulting ambiguity, semantic
composition may be difficult and highly inefficient (Packard, 1999; Zou et al., 2019). Third,
whole-word meanings can be weakly related or completely unrelated to their constituent
meanings, suggesting that constructing the meaning of a compound word from the meanings
of its constituents would often cause errors. These additional three properties of Chinese
compound words might therefore make them less amenable to compositional processing.

A priori consideration of the characteristics of Chinese and its writing system thus
prevents strong intuitions about the processing of Chinese compound words and whether
their identification is more consistent with the compositional or holistic views. The next
section of this article will therefore review the experiments that have attempted to provide a
better understanding of how Chinese compound words are actually processed and identified.
Compound-Word Processing Experiments

In the last three decades, many experiments have investigated compound-word
processing during Chinese reading. Although these experiments have adopted markedly
different methodologies, most have attempted to address how lexical properties of
constituents affect compound-word processing. This is typically done by manipulating
specific properties of the constituents (see Table 1 for the examples of these manipulations)
to examine how they affect the online processing of compound words, with the presence or
absence of constituent effects being respectively interpreted as consistent with compositional
or holistic models. In the following sections, we review these compound-word processing
experiments—experiments that have motivated the current meta-analysis. These experiments

differ in their word-presentation methods and experimental tasks, as well as their
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manipulations. Consequently, our meta-analysis assessed all of these variables as potential
moderators of the magnitude of the constituent effects (see the coding criteria listed in Table
2).
Word-Presentation Methods and Experimental Tasks

Previous studies have varied how compound words are displayed, with some studies
presenting words in isolation, without sentence contexts, and others presenting words
embedded in sentences. These two presentation methods are not independent of the
experimental tasks because some tasks (e.g., lexical decision) require participants to respond
to isolated words whereas others (e.g., natural reading) require participants to identify words
in sentences. The latter task obviously affords parafoveal preview of the words and, in some
instances, enhances their predictability due to the prior contexts, with both of these factors
facilitating processing (for reviews, see Rayner, 1998). Another difference is the nature of
their task demands, with participants making binary responses (using buttons) or rapidly
pronouncing words presented in isolation but identifying and integrating the meanings of the
words during natural reading. These differences are profound in that lexical decisions,
naming, and semantic decisions are relatively unnatural and thus slow and prone to error,
whereas reading is inherently complex but affords the use of sentence-level semantic and
syntactic constraints (in a manner that is arguably not well understood) to facilitate word
processing. With those important caveats in mind, differentiating word-presentation methods
and experimental tasks are crucial for gaining a nuanced understanding of compound-word
processing. Below, we review studies of compound-word processing using different
presentation methods and tasks (see Table 2 for details). As will become evident, some of
these studies provide evidence for constituent effects and thus support compositional

processing, whereas others do not.
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Words Presented in Isolation. When compound words are presented in isolation, they
are either displayed one at a time (i.e., single-word presentation) to minimize any influence of
other words, or in rapid succession with an influence of other words (e.g., priming
paradigms). Among the tasks that present words in isolation, lexical decision is the most
common. Taft and Forster (1975) pioneered the use of lexical decision to study the
processing of both affixed words and compound words (Taft & Forster, 1976). In these
experiments, individual letter strings were displayed in succession and participants were
instructed to make rapid decisions about whether each was a word or non-word using button
presses, with the properties of the compound-word constituents (e.g., their frequency) being
manipulated across conditions. Subsequent experiments of Chinese compound-word
processing used similar paradigms by manipulating the properties of their constituent
characters, including their frequency (e.g., Wang & Peng, 1999; Xiong et al., 2023; Zhang &
Peng, 1992), positional frequency (Cao et al., 2023), neighborhood size (e.g., Huang et al.,
2006; Tsai et al., 2006; Xiong et al., 2021), and number of meanings (e.g., Huang et al., 2011;
Huang & Lee, 2018). Other tasks that have been used with isolated words include
concreteness judgments (e.g., Han et al., 2014), naming (e.g., Xiong et al., 2023) and the
oddball paradigm (e.g., Tsang et al., 2022). All of these paradigms share the same underlying
logic: If the manipulated constituent properties elicit differences in response time and/or
accuracy between conditions (e.g., more rapid responses to high- vs. low-frequency
characters), then the results are interpreted as evidence that the constituents played a role in
compound-word processing.

Priming paradigms have also been used to examine constituent effects on compound-
word processing. In these experiments, a prime word is displayed before a farget word, with
the prime-target relationship (e.g., degree of morpho-semantic relatedness) being

manipulated and participants responding to (e.g., naming) the target. A “priming effect” is
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then evident if the responses to targets for certain types of prime-target pairs (e.g.,
semantically related) are faster or more accurate than responses to targets in a baseline
condition (e.g., unrelated prime-target pairs). Most experiments of Chinese compound-word
identification have manipulated the morpho-orthographic, morpho-phonological, or morpho-
semantic relatedness (see Table 1 for more details and examples) in prime-target pairs to
examine which type(s) of information become available during compound-word processing
(Chen et al., 2006; Tsang et al., 2014; Tsang & Chen, 2013; Wu et al., 2017, 2020; Zhao et
al., 2021; Zhou et al., 1999), although a few experiments have investigated the effects of
morphological structure (Gao et al., 2021; Yang et al., 2022), semantic transparency (Wang
& Peng, 1999; Wu & Li, 2008), or phonological properties (Tsang, 2021; Wong et al., 2014).
The results of these priming experiments generally support the hypothesis that constituent
representations are activated during compound-word processing (Tsang et al., 2014; Wu J. et
al., 2020). These constituent effects have also been observed with masked priming (i.e., when
the prime is rapidly replaced by a visual mask to preclude it from conscious awareness),
suggesting that constituent effects are both automatic and rapid (Tsang, 2021; Zhao et al.,
2021; Zhou et al., 1999).

Words Presented in Sentences. Another approach to studying compound words
involves embedding them in sentences with the task of natural reading. Participants in these
experiments typically read normally displayed sentences while an eye tracker records the
time spent looking at (i.e., processing) the compound words. As per isolated-word
presentation experiments, in natural reading, researchers manipulate the constituent
properties of compound words to determine if the reading time for those words vary as a
function of the manipulations (e.g., Yan et al., 2006). Previous experiments with natural
reading have shown constituent effects when manipulating their number of strokes (e.g.,

Zhang, 2012), positional probability (e.g., Cao et al., 2023), character frequency (e.g., Yan et
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al., 2006), contextual diversity (e.g., Chen, 2017), neighborhood size (e.g., Tsai et al., 2006),
and semantic transparency (e.g., Liu, 2017). However, some experiments have failed to find
significant constituent effects during sentence reading when manipulating character
frequency or the semantic plausibility of the first constituents (e.g., X. Li et al., 2014; Ma et
al., 2015; Yang et al., 2012; Zhou & Li, 2021). For example, J. Yang et al. (2012) showed
that the plausibility of whole words affected their reading times, but that the plausibility of
their first constituents did not. This inconsistent pattern of results indicates that more research
is necessary to understand the processing of compound words during reading.

The final approach to studying compound-word processing involves embedding them
in sentences and using a gaze-contingent boundary paradigm to manipulate the preview of
the compound words. In this paradigm, a preview word is displayed at the location of a target
word prior to the participant moving their eyes past an invisible “boundary” located between
the pre-target and target words. The relationship between the preview word and target word
(e.g., their orthographic similarity) is typically manipulated, with the underlying logic being
the same as in priming experiments: Any reduction in the fixation durations on the target
words as a function of the experimental manipulation provides evidence that information was
extracted from the preview and facilitated target word processing.

Experiments using the boundary paradigm to examine Chinese compound-word
processing have found effects of morpho-orthographic, morpho-phonological, and morpho-
semantic relatedness during sentence reading, with the reading time on the targets (i.e., the
compound words) being reduced for related as compared to unrelated previews (e.g., Pan et
al., 2016). However, one experiment failed to find a benefit of morpho-semantic preview
(Shen et al., 2018), with this null finding being attributed to holistic compound-word
processing and speculation that earlier evidence for morpho-semantic preview benefit being

due to confounds. (Although this null result may have been due to the experiment having
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insufficient power to detect morpho-semantic effects.) Because these findings are contrary to
those from most experiments involving compound words presented in isolation, constituent
effects may differ systematically between these two presentation methods. We therefore
assessed the effect of word-presentation methods in our meta-analysis.
Constituent Orthographic, Phonological, and Semantic Processing

Word processing is a complex activity that involves accessing orthographic,
phonological, and semantic information from memory, as described by many word-
identification models (e.g., Seidenberg & McClelland, 1989; J. Yang et al., 2006, 2013; for a
review, see Reichle, 2021). For that reason, researchers interested in Chinese compound-
word processing have used various experimental manipulations (see Table 1 for details) in
their attempts to demonstrate the orthographic, phonological, and/or semantic processing of
constituents. Some of these manipulations mainly target one processing level while others
either target multiple levels or are unspecified'.

To date, a handful of mega-studies have used multiple regression models to investigate
how linguistic characteristics of characters and/or words might affect their processing (e.g.,
Liu et al.,, 2007; Tse et al., 2022; Tse & Yap, 2018). In these studies, the number of strokes
per character was treated as an orthographic variable. Similarly, the homophone density of
the characters and the number of pronunciations per character were treated as phonological
variables. And finally, the semantic transparency of a character and the number of meanings
per character were treated as semantic variables. However, because manipulations of other
character properties (e.g., their frequency) might affect multiple levels of processing, these

properties have not been assigned to any specific processing level®. That being said, it is

! Our classification of processing levels was based on the original articles and were agreed
upon by the first and last authors.

2 To give some sense of the inherent difficulty is specifying processing levels, Tse et al.
(2022) treats both character and word frequency as orthographic factors, whereas Stevens and
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relatively easy to specify the processing levels targeted by manipulations of morpho-
orthography, morpho-phonology, and morpho-semantics in priming and preview studies
because the processing level of morphemes can be determined by comparing different
conditions.

Orthographic Processing. Manipulations thought to influence the orthographic
processing of constituents include number of strokes (e.g., M. Zhang, 2012), and morpho-
orthography in priming and preview paradigms (e.g., Tsang et al., 2014). Similarly, although
a constituent’s visual complexity, as measured using its number of strokes, did not affect the
fixation durations on compound words during reading, it did affect their propensity to be
skipped (M. Zhang, 2012). Finally, effects of morpho-orthography in priming and preview
studies showed that, compared to an unrelated control condition, a consistent orthographic
prime or preview allows a compound word to be identified more rapidly (e.g., Tsang et al.,
2021; Zhou et al., 1999). In addition to this behavioral evidence, neurophysiological evidence
from studies using electroencephalograms (EEG), a method used to measure the brain’s
electrical activity, shows that morpho-orthographic relatedness reduces the components
associated with visual processing that are observed around 200 ms post-stimulus onset (e.g.,
L. Chenetal., 2017; Wu et al., 2017).

Phonological Processing. Manipulations thought to influence the phonological
processing of constituents include their homophone density, number of pronunciations, and
morpho-phonology in priming/preview studies. Because each Chinese syllable corresponds to
an average of four characters (Perfetti et al., 2005), homophone density (i.e., each character’s
number of pronunciations, including the same tone; see Footnote 1) affects the naming times

of individual characters, with characters having high homophone density being named more

Plaut (2022, p. 1680) suggest that “whereas stem frequency could be a more
orthographically-driven effect, stem family size may be related to semantic processing.”
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rapidly. But during natural reading, the fixation durations on compound words were
unaffected by the homophone densities of their constituents (Yan et al., 2013). However, in
an experiment that involved meaning judgments, responses were slow for compound words
having multiple pronunciations than those containing characters having only one
pronunciation (Tan & Perfetti, 1999). Finally, experiments manipulating morpho-phonology
have shown inconsistent results. For example, one priming experiment found that words
having orthographically different homophonic morphemes did not prime each other
regardless of prime-target stimulus onset asynchrony (SOA, or the time between prime and
target onset; X. L. Zhou et al., 1999). However, a masked priming experiment found
evidence that morpho-phonology facilitated the resolution of ambiguity associated with
processing heteronymic morphemes (Tsang, 2021). And in two experiments of reading using
a boundary paradigm, phonological preview benefit was not observed for skilled readers or
during silent reading but was observed for both children and oral reading (Pan et al., 2016;
W. Zhou et al., 2018).

Semantic Processing. Manipulations thought to influence the semantic processing of
constituents include their number of meanings (Huang et al., 2011; Huang & Lee, 2018),
semantic plausibility (J. Yang et al., 2012) and transparency (Han et al., 2014; Lee et al.,
2021; Y. Wu & Li, 2018), and morpho-semantics (Tsang & Chen, 2013; Zhao et al., 2021).
Priming and preview experiments manipulating morpho-semantic relatedness have provided
some evidence of early processing of constituent meaning during Chinese compound-word
processing (e.g., Zhou & Marslen-Wilson, 2000; Tsang & Chen, 2013; Zhao et al., 2021),
although this evidence has been inconclusive when manipulating the semantic relatedness of
whole words (Shen et al., 2018). For example, the effects of constituent meaning were absent
in an experiment that manipulated the semantic plausibility of the first constituent in relation

to its preceding context (J. Yang et al., 2012).
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Other Experimental Manipulations

Several experiments have manipulated variables whose effects are more difficult to
attribute to orthographic, phonological, or semantic processing (see Table 1). These include
experiments that involve morphological priming, including experiments showing that target
processing is facilitated by primes that shared a morpheme (e.g., Jia et al., 2013; Tsang et al.,
2014). Because such effects may involve the pre-activation of orthographic, phonological,
and/or semantic information, effects of morphological priming may implicate the processing
of constituents at all three levels.

Other manipulations that may involve multiple processing levels are also listed in Table
1. For example, experiments manipulating the neighborhood size or neighborhood frequency
of constituents have found that neighborhood size tends to facilitate compound-word
processing whereas neighborhood frequency tends to have an inhibitory effect (e.g.,
Andrews, 1997; Huang et al., 2006; M.-F. Li et al., 2015, 2017; Yao et al., 2022). Likewise,
experiments manipulating character position probability (i.e., whether an initial character
occurs in many or few compound words) have found that low-frequency compound words
tend to be processed more rapidly if they contain a high- than low-probability character (e.g.,
Cao et al., 2023; Liang et al., 2022; Yen et al., 2012). Finally, both character frequency (Cui
et al., 2021; Xiong et al., 2023; Yu et al., 2021) and morpheme type (i.e., whether a
morpheme can be or is more likely to be a single-character word; Gao et al., 2021; H. Yang et
al., 2022; Zang et al., 2016) have also been examined. However, because these and other
constituent properties are often intercorrelated (e.g., character frequency is correlated with
neighborhood size), the results of the aforementioned experiments have been inconclusive.
For example, among the experiments that have manipulated the constituent frequency, a few
have reported no effects (e.g., natural reading, Ma et al., 2015; lexical decision with low-

frequency compounds, Peng et al., 1999: lexical decision with high-frequency compounds;
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Xiong et al., 2023), whereas others have reported that the frequency of single constituents
either facilitates (e.g., lexical decision, Tsang et al., 2018; naming, Xiong et al., 2023; natural
reading, Yan et al., 2006) or inhibits (e.g., lexical decision with opaque compounds, Peng et
al., 1999; natural reading, Yu et al., 2021; lexical decision, Zhang et al., 2024) compound-
word processing. There are many potential reasons for these mixed results, including
interactions with other variables, task-related differences, and the limited statistical power of
an individual study. In our meta-analysis, possible effects of the aforementioned
manipulations are synthesized to provide more reliable estimates due to increased statistical
power, and to determine whether the effects are limited to specific tasks.
Whole-Word Frequency

The whole-word frequency of compound words has been shown to affect their
processing across experimental paradigms (X. Li et al., 2022). A few experiments have also
manipulated whole-word frequency to determine if it interacts with constituent manipulations
(e.g., Xiong et al., 2023; Yan et al., 2006; Yu et al., 2021). Unfortunately, the results of these
experiments are largely inconsistent. For example, several experiments have observed
constituent frequency effects only during the processing of either low- (Cui et al., 2021;
Huang et al., 2011; Xiong et al., 2021, 2023; Yan et al., 2006) or high-frequency (Peng et al.,
1999) compound words, whereas other experiments have observed either no constituent
effects (Ma et al., 2015) or significant constituent effects for both high- and low-frequency
compound words (Tse & Yap, 2018; Xiong et al., 2023; Yu et al., 2021). Given these
inconsistent findings, our meta-analysis is important because it provides a more
comprehensive assessment of the relationship between whole-word and constituent frequency

during compound-word processing.



CONSTITUENT EFFECTS IN WORD PROCESSING 17

Simplified vs. Traditional Characters

Experiments of Chinese compound-word processing also varied with respect to whether
the stimuli were presented using traditional (e.g., as in Huang & Lee, 2018; Lee et al., 2021;
Tsang, 2021) or simplified (e.g., Xiong et al., 2023; Yang et al., 2022; Yu et al., 2021)
characters. As discussed by Reichle and Yu (2024), mainland China introduced reforms in
the 1950s to simplify the Chinese writing system and thereby improve literacy. Since that
reform, two types of Chinese characters—the simplified characters used in mainland China
and the more complex traditional characters used in Taiwan, Hong Kong, and Macao—have
co-existed. Although traditional characters are more complex (i.e., consist of more strokes on
average) than simplified characters, they are mutually intelligible and (with some additional
effort) can be readily read by any skilled Chinese reader. The meta-analysis reported in this
article provides an opportunity to examine if compound-word processing differs in any
meaningful way across the two types of characters.

Models of Chinese Reading
As reviewed by Reichle and Yu (2018), most models of Chinese reading have been

designed to explain and/or simulate the perceptual and cognitive processes that support the
skilled identification of words, rather than the higher-level processing of sentences or
discourse. Two exceptions are models that describe how the systems that are responsible for
identifying words are coordinated with vision, attention, and the oculomotor system to
produce the patterns of eye movements that are observed during skilled reading (Li &
Pollatsek, 2020; Liu et al., 2024). In this section, we will review these two classes of models
separately, focusing our discussion on what these models suggest about the nature of
compound word processing in Chinese reading.

Models of Word Identification

One early account of Chinese compound-word identification (Packard, 1999) claimed

that the compositional processing of compound words would be highly inefficient due to the
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complex mappings between characters and morphemes, with more than 50% of characters
corresponding to homographic morphemes having multiple meanings. For example, the

character 2 means teach in Z{=E (classroom) but means religion in & (church). And

similarly, the spoken Chinese syllable “xin1” maps to multiple characters with different

forms, meaning heart in 1[ > (xinltong4, heartache) but meaning bitter in 37 (xinlku3,

hard work)®. Given that homophones on the multi-character word level are much less
common than homophones on the character level, Packard (1999) argued that the efficient
resolution of such ambiguities necessitates the holistic processing of compound words.
More recently, several computational models have been proposed to simulate the
identification of characters (e.g., Chang et al., 2016; Hsiao & Shillcock, 2004, 2005; Xing et
al., 2002, 2004; J. Yang, 2013; J. Yang et al., 2006, 2009; for reviews, see Reichle & Yu,
2018, 2024), although only a few of these models have been explicitly designed for
compound words (e.g., Smith et al., 2021; see Table 3 for details). These models have been
implemented as (connectionist) neural networks (see Appendix C of Reichle, 2021) and for
that reason are arguably more consistent with the holistic view of compound word
processing. In these models, patterns of activated input nodes corresponding to the
orthographic features of characters are used to generate patterns of activated output nodes
corresponding to their pronunciations and/or meanings. For example, Smith et al. (2021) used
the Triangle model (Plaut et al., 1996) to examine word identification across several writing
systems, including Chinese. In one simulation, Smith et al. used the orthographic features of

disyllabic words to activate semantic features representing their meanings; because this

3 For those unfamiliar with Chinese, the number associated with the pronunciation indicates
the tone of a character, with 1 indicating a flat tone, 2 indicating a rising tone, 3 indicating a
tone that falls then rises, and 4 indicating a falling tone.
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simulation did not require intermediate levels of representation corresponding to constituents,
it instantiated holistic processing.

However, contrary to Smith et al. (2021), a number of models of compound-word
identification (e.g., Perfetti et al., 2005; Taft et al., 1999; Taft & Zhu, 1997; Tan & Perfetti,
1999) have adapted the basic framework of the interactive-activation model (McClelland &
Rumelhart, 1981) to Chinese and thus include intermediate levels of representation (e.g.,
characters). Although many of the specific assumptions of these models differ*, the models
collectively predict effects of constituent processing (e.g., facilitative character-frequency
effects, or more efficient processing of compound words comprised of high- than low-
frequency characters; see Yu et al., 2021.)

Some of the aforementioned models also assume that semantics play a role in
compound-word processing. For example, according to the inter/intra connection (IIC)
model (Peng et al., 1999), the meanings of both morphemes and words are represented, with
positive connections between morphemes and semantically transparent words but negative
connections between morphemes and opaque words. Similarly, according to the lemma model
(Taft & Nguyen-Hoan, 2010), both morphemes and words are semantically represented, with
transparent words being identified in a compositional manner but opaque words being
identified in a holistic manner. And according to the model proposed by X. L. Zhou and
Marslen-Wilson's (2000), the orthographic, phonological, and semantic forms of constituents
are represented, but with only the meanings of compound words being represented. By this
third account, the meanings of characters and words are activated in parallel, with the amount
of semantic overlap among the representations fluctuating and often resulting in competition,

allowing the model to explain morpho-semantic priming effects. Finally, Tan and Perfetti’s

* The models also vary in terms of their degree of formal implementation, with some being
complete models that can be used to run simulations (e.g., Tan & Perfetti, 1999) and others
being diagrams meant to illustrate key theoretical assumptions (e.g., Taft et al., 1999).
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(1999) model assumes independent orthographic and phonological representations for
characters and words but shared semantic representations, allowing the model to simulate the
complex patterns of priming observed with orthographic, phonological, and semantic priming
(Perfetti et al., 2005).

Table 3 lists all of the aforementioned models, along with their core assumptions and
the experimental tasks that they explain. Although our review of these models is by necessity
brief, the key point is that these models make different predictions regarding the role of
constituents during the identification of compound words, broadly consistent with our earlier
holistic (e.g., Giraudo & Grainger, 2001) versus compositional (e.g., Taft & Forster, 1975,
1976) distinction.

Models of Eye-Movement Control

In addition to the above word-identification models that were designed to simulate the
processing of characters and/or words presented in isolation, there have been two recent
attempts (see Table 3) to explain word identification during natural reading®. The first was Li
and Pollatsek’s (2020) Chinese Reading Model (CRM), which combines a variant of the
interactive-activation model (McClelland & Rumelhart, 1981) adapted to Chinese with
assumptions that allow the model to simulate eye movements during reading. According to
this model, compound words are identified via the propagation of visual input corresponding
to their constituent characters through a network of character and word nodes, resulting in a
“winner-take-all” competition in which the node representing the compound word suppresses
the partially active nodes of any words sharing those constituents (e.g., orthographic
neighbors). Although the CRM has not been used to explicitly simulate constituent effects, it

has been used to examine how properties of whole words affect eye movements during

> Another model of Chinese reading was recently proposed by Fan and Reilly (2023).
Because many of the implementational details of this model were not provided, it will not be
discussed further.
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reading, and from these simulations it is clear that the model predicts constituent effects at
the orthographic level because of its assumption that all words (including single-character
words) are activated and compete as previously described. Because the model does not
implement semantics, however, it does not make a clear prediction about meaning-based
constituent effects.

The second model that explains word identification in natural reading is the Chinese E-
Z Reader model (CEZR; Liu et al., 2024; see also Yu et al., 2021). This model extends the E-
Z Reader model of eye-movement control in (English) reading (Reichle et al., 2012) by
incorporating a familiarity-based word-segmentation heuristic in which groups of characters
are segmented into words for the purpose of their identification. This model has been used to
simulate the complex effects of character frequency on eye movements. For example, it
captures both facilitative effects of character frequency and an inhibitory initial-character
frequency effect reported by Yu and colleagues. This complex pattern reflects the fact that,
on one hand, character frequency enhances a word’s familiarity, making it easier to segment
and identify, but on the other hand, high-frequency characters tend to be the constituents of
many words, making the segmentation of those words more difficult. Because the CEZR does
not implement semantics, it also makes no clear prediction about meaning-based constituent
effects.

Taken together, it is important to acknowledge that all of the aforementioned models
make nuanced predictions about constituent processing—whether it is necessary for
identifying compound words and, if so, whether it occurs at the orthographic, phonological,
and/or semantic level(s) (see Table 3). Examining the evidence that might be used to evaluate
these predictions is therefore critical for distinguishing among and evaluating the models.

This is obviously only possible when the constituent effects and their potential moderating
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variables are well understood. Below, we provide an overview of the meta-analytic method
that we used to examine the effects of compound-word constituents in Chinese reading.
The Present Study

Using meta-analytic techniques, this article sought to synthetize findings from existing
experiments that have examined constituent effects in the reading of Chinese compound
words. This meta-analysis was designed with three main goals in mind: (1) to estimate the
size of constituent effects and identify possible sources of inconsistency by assessing
potential moderating variables (e.g., whether the word was presented in isolation or in
sentences); (2) to evaluate the constituent effects as a function of orthographic, phonological,
and semantic processing; (3) to investigate the roles of various constituent properties across
tasks. In accomplishing these goals, our intention is to also address the hypotheses that were
outlined in the previous section—hypotheses that were motivated by and inform models of
Chinese reading. However, it is also important to be clear about the advantages of our meta-
analytic approach.

Although there are comprehensive literature reviews and entire books about compound-
word processing, most focus on alphabetic languages (e.g., Libben, 2014; Libben & Jarema,
2006; Semenza & Luzzatti, 2014). To our knowledge, no systematic meta-analytic
investigation on Chinese compound word processing has been conducted, therefore
suggesting that such a meta-analysis of Chinese experiments is necessary. Whereas standard
literature reviews only provide qualitative summaries, meta-analyses allow one to
systematically search the literature and select the eligible experiments to include in the
analysis, thereby reducing the risk of bias and providing a numeric estimate of overall effect
sizes (Shamseer et al., 2015). Moreover, compared to individual experiments, meta-analyses
have more statistical power to detect effects that may be small in magnitude and thus

unreliable in individual experiments. Thus, meta-analyses can generalize findings across
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various contexts and methodologies, thereby providing a more comprehensive understanding
of Chinese compound-word processing as well as the potential reasons for variability across
individual experiments.
Hypotheses

According to holistic processing accounts (e.g. Packard, 1999; Smith et al., 2021),
constituents will not affect compound-word processing, and therefore, the overall constituent
effect is assumed to be absent. In contrast, models that assume either simple compositional
processing (e.g., Peng et al., 1999; Taft & Nguyen-Hoan, 2010) or some form of competition
between representations of constituents and words (e.g., Li & Pollatsek, 2020; Yu et al.,

2021) would presumably predict the presence of constituent effects.

Regarding the potential moderators examined in the current study, there were no a priori
predictions for task, manipulation, writing system, presentation paradigm, publication year,
or publication type. However, with respect to presentation method, both the CRM (X. Li &
Pollatsek, 2020) and CEZR (Yu et al., 2021) models posit that sentence context influences
the activation of constituent and whole-word representations, predicting weaker constituent
effects when compound words are processed in sentences. In contrast, holistic models predict
no difference between isolated and sentence-based presentation, as compound words are
processed as unified wholes regardless of their context. In addition, holistic and
compositional models make different predictions about the presence of constituent effects at
the orthographic, phonological, and semantic levels: Holistic models assume that these
effects should not be significant (Packard, 1999; Smith et al., 2021), whereas compositional
models assume that they should (Peng et al., 1999; Taft & Nguyen-Hoan, 2010). Finally,

whole-word frequency® is predicted by models that assume there is stronger interactive

¢ The moderator analyses on whole-word frequency are reported in Appendix B.
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activation among the representations of whole-word and their constituents, which results in
stronger constituent effect in processing high-frequency compound words (e.g., Peng et al.,

1999).

Method

Selection of Studies
Search Strategy

In June 2022, we systematically searched four electronic databases (Web of Science,
PubMed, PsycINFO, and Scopus) to identify research articles published in English, as well as
CNKI’ for articles published in Chinese, using search terms “compound words + Chinese
read*”, “two-character words + Chinese read*”, and “complex words + Chinese read*”
(where the asterisks are wildcards that allowed the inclusion of “read”, “reading”, “reader”,
etc.). To capture research that was not published in peer reviewed journals, we also searched
ProQuest Dissertations & Theses Global, and CNKI (dissertation). Overall, we identified
1,335 articles from these searches. Additionally, we conducted systematic backward and
forward citation searches to identify 20 additional articles. And in January 2024, another 18
newly published or previously missed articles were added. After removing duplicates, there
were 958 unique articles. The titles and abstracts of these articles were screened by the lead
author who made decisions to either exclude the study or review the full article. This
screening resulted in the exclusion of 837 articles, leaving 121 articles to be further assessed
for eligibility. The lead author then downloaded and read these articles. Based on our
exclusion criteria, 81 articles were included in the meta-analysis, allowing 268 effect sizes to
be extracted (see Figure 1 for a flowchart of literature search). Table Al provides a list of all

included studies.

" CNKI (China National Knowledge Infrastructure) is a comprehensive digital library and
knowledge database platform in China that provides access to academic journals,
dissertations, conference proceedings, and other scholarly resources.
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Inclusion and Exclusion Criteria

Full-text articles were assessed for eligibility based on the following criteria:

(1) Articles were written in either English or Chinese.

(2) Articles reporting experiments with factorial designs. Corpus analyses were
excluded because they use different methods to estimate effect sizes. Studies that simply re-
analyzed data from other articles were excluded. Furthermore, if the same data were reported
in both a dissertation and a published article, only the latter was included. And if the same
materials were used in multiple experiments using different participants or tasks, then the
experiments were included and treated as different studies.

(3) Experiments involving participants who were non-clinical adults, native speakers of
Chinese, and skilled readers. We excluded the data collected from clinical samples, children,
and elderly participants because our aim was to examine compound-word processing in
skilled adult readers rather than focusing on individual differences or developmental changes.
We only included studies of native speakers to reduce the effects of experience with other
languages.

(4) Experiments in which two-character Chinese compound words were used as the
target stimuli® and character properties were manipulated to assess their effects on
compound-word identification. Because our primary interest is visual word identification, we
only included experiments in which the compound words were displayed on a screen and
excluded experiments involving either their auditory or pictorial equivalents. Experiments in
which the text was presented one character at a time were also excluded, as were experiments

that measured the learning of novel compound words, the identification of non-words

8 We also extracted three effect sizes from one experiment using a primed lexical decision
task (Tan & Peng, 1991). Although the target words in this study were single characters, the
prime words were two-character compound words. The experiment was thus included in our
meta-analysis because the response times for the target characters differed between
conditions, suggesting access to the constituents of the compound-word primes.
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comprised of transposed characters, or requiring any type of secondary task. Experiments
manipulating only the characteristics of the whole-word level were also excluded.

(5) Experiments that measured response time for tasks requiring overt responses or
experiments that reported gaze duration, where the latter measure is defined as the sum of all
first-pass fixations on a word. Eye-tracking experiments that did not report gaze durations
were excluded because the measure provides the most commonly used index of lexical
processing (e.g., Rayner, 1998).

(6) Articles in which the information required for calculating effect sizes was reported.
Articles that did not report this information (e.g., studies reporting means without standard
deviations) were excluded.

Data Coding Procedures

For each eligible study, the lead author extracted all information required to calculate
effect sizes (i.e., sample sizes, means and standard deviation, #- or F-values) and the variables
to be assessed as potential moderators (see Table 2 for more details about the coding criteria).
For those studies that did not report standard deviations or specific statistical values, we
emailed the corresponding authors to ask for the necessary data. Additionally, ten articles
provided raw data so that the Pearson’s correlations in Equations 1-3 for within-subject
designs could be calculated. A description of each study included in the meta-analysis is
provided in Table Al.

Coding of Effect Sizes

Following the recommendation of Lakens (2013), we used Cohen’s d (i.e., standardized
mean difference) for repeated measures and used Hedges’ g corrections as our effect size
index (hereafter referred to as gm). We first calculated Cohen’s d for repeated measures, dim,
using the means and standard deviations, #-values, or F-values with Equations 1-3,

respectively.
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We then applied Hedges’s g corrections to get gim and the corresponding estimated

sampling variance in R 3.4.0 (R Core Team, 2017) using Equations 4 and 5.

Irm = drm (1 - ﬁ) 4)

n

2
sampling variance g, = ((1 - 4;_1) \/(1 + %) (2(1 - correlation))) (5)

Table 1 provides the definition and examples for each manipulation included in the
meta-analysis. M1 and SD; in Equation 1 correspond to the means and standard deviations in
the control conditions, whereas M> and SD- correspond to the same statistics in the
experimental conditions. Effect-size calculations adhered to the methodology described by
Borenstein (2009), allowing estimated effect sizes for different manipulations to be
interpretated similarly. The control and experimental conditions for most of the manipulated
variables were defined in reference to the results of empirical studies of single-character
processing, with the condition in which the character was processed more rapidly being
defined as the experimental condition (e.g., C. Lee et al., 2015; Liu et al., 2007; Sze et al.,
2014). Variables related to priming or preview paradigms (i.e., studies that manipulated
morpho-orthographic, morpho-phonological, morpho-semantic, and morphological

relatedness) were coded using the same criteria as the experimental condition, affording
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consistency between primes and targets. Thus, for those manipulations, positive effect sizes
indicate facilitative constituent effects on compound-word identification, with faster
processing of constituents (e.g., high-frequency constituents) resulting in faster compound-
word processing (i.e., shorter response time or gaze duration). Conversely, negative effect
sizes indicated inhibitory constituent effects. Because the variables of semantic transparency
and position probability were not included in studies of single-character identification, it was
not possible to quantify the processing speed or difficulty of the constituents at the different
levels of those two variables. Consequently, these variables were coded separately (as
defined in Table 2), and their effect sizes should be interpreted with caution. For example,
positive effect sizes indicate that compound words containing transparent constituents or
constituents having a high position probability were processed more rapidly.

For within-subject designs, a correlation between the two conditions (correlation in
Equations 1-3) being compared is necessary for calculating effect sizes (Lakens, 2013).
However, those correlations were only available for 28 effect sizes’. We therefore applied a
mean imputation method to estimate missing correlations using the available data. Because
one sample might contain more than one effect size, we first aggregated the dependent
correlations through conducting a meta-analysis on the aggregated estimates, and then used
this meta-analytic correlation estimate for imputation. The estimate revealed by the meta-
analysis for the correlation coefficient was » = .71, 95% CI [.63, .78], based on 17 individual

samples of 659 participants. All effect sizes are reported in Table Al. We conducted

® Among the 28 effect sizes, 15 were extracted from studies on natural sentence reading
(average correlation = 0.66), 5 on lexical decision (average correlation = 0.86), 3 on reading
with boundary paradigm (average correlation = 0.78), 3 on primed lexical decision (average
correlation = (0.77), 2 on naming (average correlation = 0.87). The average correlation

between within-subject conditions did not vary much across tasks.
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sensitivity analyses to examine how the pooled estimate changed when the correlation was
set higher (» =.90) or lower (» = .50).
Coding of Study Characteristics/Methodological Moderators

The coding criteria were discussed by two authors (see the Table S1 coding book in
Supplementary Materials 1 and Table 2 for more details). The lead author then coded the
study variables, with some being assessed as potential moderators. For each study, we
extracted the following information:

(1) Word-presentation method was coded into two categories: (i) words displayed in
isolation (i.e., without sentences) versus (ii) words displayed in sentences.

(2) Paradigm was coded into four categories: (1) single-word; (ii) priming; (iii) natural
sentence reading; and (iv) reading using a preview (i.e., boundary) paradigm. Paradigms were
limited to word-presentation method, which means compound words in the first two
paradigms were presented in isolation (i.e., coded as IsolateParadigm in analysis) while those
in the latter two were presented in sentences (i.e., coded as SentenceParadigm in analysis).

(3) Experimental task was coded within the two word-presentation methods and
included: (i) lexical decision; (i1) naming; (ii1) semantic decision; (iv) primed lexical
decision; (v) primed naming; (vi) primed semantic decision; (vii) natural reading; and (viii)
reading using a preview (i.e., boundary) paradigm. Experimental tasks were limited to the
specific paradigm of the study: (i), (i1), and (ii1) were used in single-word paradigm; (iv), (v),
and (vi) were used in priming paradigm; (vii) was used in natural sentence reading paradigm;
and (viii) was used in reading using a preview paradigm.

(4) Manipulation was coded based on the independent variable used in each study.
There were 16 different manipulations across all eligible studies: (i) morpho-orthography (in
priming/preview studies); (ii) position probability; (iii) number of strokes; (iv) homophone

density; (v) morpho-phonology (in priming/preview studies); (vi) number of pronunciations;
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(vil) morpho-semantics (in priming/preview studies); (viii) number of meanings; (ix)
semantic plausibility; (x) semantic transparency; (xi) morphological priming; (xii) character
frequency; (xiii) contextual diversity; (xiv) neighborhood size; (xv) morphemic relation
priming; and (xvi) morpheme type.

(5) Processing level was coded into three levels: (i) orthographic; (i1) phonological; and
(ii1) semantic. Experiments in which the manipulation could not be unambiguously assigned
to one of these three levels were excluded in our analysis of processing level.

(6) Compound-word frequency was coded into (i) high- versus (ii) low-frequency when
the authors of the original studies explicitly reported the stimuli as such in their articles. The
sources used to tabulate word frequency were recorded if they were reported.

(7) Writing system was coded as (1) simplified versus (ii) traditional Chinese.

(8) Stimulus onset asynchrony (SOA)'° was coded as a continuous variable (in
milliseconds).

(9) Other study characteristics: Publication year, sample size, and set size were coded
as continuous variables, and publication type (journal vs. other sources) and publication
language (Chinese vs. English) were coded as categorical variables.

Statistical Approaches

Fifty-eight percent of studies provided more than one effect size of interest. For
example, Yu et al. (2021) examined character-frequency effects with high- and low-
frequency compound words, so both estimates of the character-frequency effects were
included to examine if compound-word frequency was a moderator. Multiple sources of
dependencies often coexist, including the dependency from studies containing multiple effect

sizes of interest and authors reporting multiple eligible studies. Therefore, we used three-

10 Only a subset of studies using priming presentation contained the variable of SOA, and
therefore, the results were reported in Appendix B for easier reading.
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level random-effects meta-analyses to account for the variation attributable to participants
(Level 1: sampling variance), sets of effects sharing a common sample (Level 2: within-
sample variance), and pooled sample effects (Level 3: between-sample variance) with the
restricted maximume-likelihood estimation method (Assink & Wibbelink, 2016; Harrer et al.,
2022).

The overall effect size was estimated with a random-effects meta-regression model
using package metafor (Viechtbauer, 2010) in R 3.4.0. The intercept of the model that was
fitted from all of the available effect sizes indicated both the magnitude and direction of the
overall effect size. Within-sample and between-sample heterogeneities were assessed using
log-likelihood ratio tests (LRTs). To assess moderating effects, we constructed separate meta-
regression models on each level of each potential moderator to calculate corresponding
overall effect sizes. If a level of a moderator did not contain sufficient observations (i.e., >
four effect sizes, as was true for three studies), then the effect sizes for this level were
excluded. We examined each potential moderator in turn by including it as a predictor in a
meta-regression. Continuous moderators were standardized before being entered as
continuous variables in their respective models. Categorical moderator variables were
dummy coded, with one level as the reference. The estimate of the intercept in the models
thus reflect the overall effect size of the reference category, and therefore, the significance
test for the coefficients indicated whether the differences were significantly different from
Zero.

Transparency and Openness

This review was not pre-registered. We followed PRISMA reporting guidelines for the
final report. The data and analysis scripts are available online on the Open Science
Framework (https://osf.io/ywg54/?view_only=68c0aealc4924bad88feSbb22b32a0af). To

give a clearer picture of their findings about constituent effects, a table summarizing the
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conclusions of the studies included in the meta-analysis is available on the Open Science
Framework (https://osf.i0/ywg54/?view only=68c0aealc4924bad88feSbb22b32a0af).
Results

We extracted 268 effect sizes from 81 articles consisting of 139 experiments (total N =
5,911 participants). The publication years of the articles identified ranged from 1991 to 2024
(M =2014, Median = 2017). All experiments used within-subject designs and university
students as participants with sample sizes ranging from 13 to 318. All samples consisted of
native Chinese speakers, including samples from studies conducted in English-speaking
countries (e.g., USA and UK). Overall, 55 (68%) articles were written in English, and 26
(32%) were in Chinese; 66 (82%) articles were peer-reviewed and published in journals, and
15 (18%) were other types of articles (e.g., theses, dissertations, and book chapters). Among
all effect sizes, 186 were from experiments using simplified Chinese and 82 from
experiments using traditional Chinese. A total of 185 effects were extracted from experiments
on compound words presented in isolation, with 136 effects from priming experiments and
49 from single-word presentation experiments. Additionally, 83 effects were extracted from
experiments where compound words were presented in sentences. In terms of compound-
word frequency, experiments of low-frequency word processing yielded 28 effects, while
experiments of high-frequency word processing yielded 27 effects. Experiments reporting the
remaining effect sizes did not specify compound-word frequency. Detailed descriptive
statistics of the numbers of effect sizes, the experiments, and the moderators for each task are
summarized in Table 4.
Constituent Effects During Chinese Compound Word Processing
Overall Constituent Effect

We fit a three-level random-effects model of all effects to estimate the direction,

magnitude, and significance of the overall constituent effect. The overall effect size was gm =
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0.22, 95% CI [0.18, 0.25], #(267) = 12.51, p <.001, 90% prediction interval [—0.20, 0.63]
(see Supplemental Figure S5 for the forest plot). This indicates that constituent manipulations
have a small but significant effect on whole compound-word processing (Cohen, 1988). The
overall effect was positive, indicating that, if the constituent of a compound word was
processed rapidly, or was semantically transparent, or had a higher position probability, then
the whole compound word was also processed more rapidly. There was substantial
heterogeneity in the effect sizes, Qr(267) = 1444.17, p <.001. An LRT revealed significant
within-sample variance, o*(Level 2) = .063, y*(1) = 343.82, p < .001, indicating a
heterogeneous effect size distribution. However, the between-sample variance was not
significant, o*(Level 3) <.001, y*(1) <.001, p > .999.

The heterogeneity diagnostics based on Baujat plot identified three effect sizes that
contributed substantially to the overall heterogeneity (see Figure 2). However, the overall
effect size did not change much after excluding these three effect sizes (gim = 0.21, 95% CI
[0.18, 0.25]), and the heterogeneity remained substantial, Qr(264) = 1434.21, p <.001. To
further assess potential outliers, we calculated standardized residuals, considering values
beyond +2.24 as extreme (Aguinis et al., 2013; McKay et al., 2021). Because no such outliers
were detected, subsequent analyses were performed using the complete dataset.

We further conducted sensitivity analyses to assess the robustness of our effect size
estimate under alternative assumptions about the correlation between the two conditions in
within-subject designs. Assuming a correlation of .50 yielded an overall effect size of gmm =
0.23, 95% CI[0.19, 0.27], #267) = 11.60, p <.001, 90% prediction interval [-0.24, 0.71].
Assuming a correlation of .90 yielded an overall effect size of grm = 0.17, 95% CI [0.14,
0.20], #(267) = 12.03, p <.001, 90% prediction interval [—0.19, 0.52]. These results indicated
that the overall effect size remained small but statistically reliable despite slight fluctuations

in correlations.
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Publication Bias Analyses

It is possible that studies that have failed to find significant constituent effects were not
published in journals (i.e., publication bias). To examine this possibility, we first examined
the moderating effects of publication type and then used multiple methods to further evaluate
potential publication bias in our meta-analysis.

Publication Type. In this meta-analysis, 45 effect size estimates were included from
sources other than journals (i.e., theses, dissertations, and book chapters). When publication
type was examined as a potential moderator, we found no significant difference between the
magnitude of effect sizes from journal articles versus other sources, F (1,266) =0.13, p
=.722.

Funnel Plot. A funnel plot was constructed with the x-axis representing aggregated
within-sample effect size estimates and the y-axis showing the standard errors associated with
each study (see Figure 3). The aggregated effect sizes were calculated using agg function in
package MAd. If the distribution of effect size estimates resembles a symmetric inverted
funnel (i.e., effect size estimates are distributed symmetrically around the line indicating the
mean effect size, with those having larger standard errors being near the bottom and those
with smaller standard errors being near the top), then it suggests the absence of publication
bias. The overall distribution of the aggregated effect sizes and the results of Egger’s
regression test revealed significant asymmetry, b = 2.37, #(266) = 4.88, p <.001, indicating
potential publication bias. It should also be kept in mind that high heterogeneity of the
included effect sizes can also lead to asymmetry in the funnel plot.

Trim-and-Fill Technique. We used the trim-and-fill technique considering the
dependency among effect sizes (Duval & Tweedie, 2000; Fernandez-Castilla et al., 2021) to
estimate the number of effect sizes that may have been suppressed due to selection bias. No

missing effect sizes were imputed in our dataset, indicating no evidence of publication bias.
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P-Curve Analysis. This analysis examines the distribution of statistically significant p-
values (p < .05) to assess whether a body of research contains evidential values or is
influenced by selective reporting practices (Simonsohn et al., 2014). A right-skewed p-curve
suggests genuine effects, while a flat or left-skewed curve may indicate bias or null effects.
Using a continuous p-curve analysis, the results showed that the statistically significant
results (i.e., 122 of 268 effect sizes) were not likely to be driven by the selective reporting
(see Supplemental Figure S4).

Summary. Different conclusions can be drawn from different methods to evaluate
potential publication bias. Specifically, the funnel plot showed modest asymmetry in the
distribution of effect sizes. However, neither the trim-and-fill technique nor the p-curve
analysis detected overall publication bias. Notably, the high heterogeneity in the observed
effect sizes makes interpreting such statistics more difficult, particularly because the trim-
and-fill technique and the p-curve analysis tend to overestimate the average population effect
size under high heterogeneity (Harrer et al., 2021; van Aert et al., 2016). Therefore, we
cannot rule out the possibility of publication bias in studies of constituent effects.
Moderators for Constituent Effects

Because of the substantial heterogeneity in the effect sizes (I = 84.33%), we further
conducted moderator analyses to examine possible differences among studies. Table 5 shows
the pooled effect size (gim) calculated separately for each level of each moderator and the
results of the moderator analyses. We assessed whether different presentations and the
specific tasks included under each presentation method produced different constituent effects.
Other potential moderators included compound-word frequency with categorical (high vs.
low) coding, the writing system of the characters (traditional vs. simplified Chinese), and

publication year.
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Word-Presentation Methods and Experimental Tasks

Word-Presentation Methods. In studies investigating compound-word processing, the
target words were presented either in isolation or in sentences. The constituent effect was
significant in both presentation methods (in isolation: gim = 0.25, 95% CI1[0.21, 0.29], p
<.001; in sentences: gim = 0.13, 95% CI [0.07, 0.19], p <.001); however, the effect size was
significantly smaller when processing compound words embedded in sentences than in
isolation, F(1, 266) = 11.31, p <.001. Significant unexplained variance remained between all
effect sizes after accounting for word-presentation methods, Qr(266) = 1350.15, p <.001.
The moderation effect of word presentation method was still significant after controlling for
the effect of publication year, #265) =—2.70, p = .007.

Compound words presented in isolation included the paradigms involving single-word
presentation as well as priming experiments, with the former showing a small constituent
effect (grm = 0.20, 95% CI[0.12, 0.28], p <.001) and the latter showing a small-to-medium
effect (grm = 0.28, 95% CI[0.23, 0.33], p <.001). However, the difference in effect sizes
between the two types of paradigms was not significant (p = .114). For compound words
presented in sentences, the paradigm included natural reading and reading using a preview
(i.e., boundary) paradigm. Subgroup analyses suggested a significantly larger constituent
effect when reading with a preview paradigm (gm = 0.23, 95% CI[0.12, 0.33], p <.001) than
natural reading (gm = 0.10, 95% CI[0.04, 0.16], p = .001), F(1, 81) =4.44, p = .038.

Experimental Tasks. Because different tasks might require different stages of lexical
processing, it was necessary to examine different tasks that were used within each

presentation paradigm!'!. For tasks involving the presentation of single words, semantic

! Because natural reading or reading with a boundary only entailed one type of task (i.e.,
reading), task was not treated as a moderator for those two presentation paradigms. Although
the priming paradigm involved three different tasks, only the primed lexical decision task
yielded more than four effect sizes; thus, no further task-specific analysis was conducted.
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decision was excluded due to an insufficient number of effect sizes (fewer than four). Lexical
decision showed a small constituent effect (gm = 0.17, 95% CI [0.05, 0.29], p =.006), while
naming showed a medium effect (gm = 0.45, 95% CI [0.15, 0.76], p = .004). The effect size
for naming was larger than that of lexical decision, but the difference between them did not
reach statistical significance (p =.087).
Simplified vs. Traditional Characters

The written form of characters did not moderate the magnitude of constituent effects (p
=.111). This means that the constituent effects for compound words written in traditional
characters (gm = 0.26, 95% CI1[0.20, 0.32], p <.001) and simplified characters (gm = 0.20,
95% CI1[0.16, 0.24], p <.001) were similar. Significant heterogeneity remained after
accounting for writing system, Qr(266) = 1414.75, p < .001.
Publication Year

Our meta-analysis showed decreasing effect sizes over time, suggesting that more
recent studies have reported smaller constituent effect sizes (b =—0.06, t =—3.51, p <.001).
After controlling for publication year, the overall effect was similar in size and remained
significant, gm = 0.22, 95% CI [0.18, 0.25], #(137) = 12.86, p < .001.
Orthographic, Phonological, and Semantic Constituent Effects

To help determine at which processing level(s) the constituent effects might occur, we
examined two tasks, primed lexical decision and reading with a boundary paradigm, that have
employed manipulations that appear to be sensitive to orthographic, phonological, and/or
semantic processing. We also conducted meta-analyses on two commonly reported ERP
components, the N200 and N400, to examine the time course of constituent effects during
compound-word processing and thereby determine if constituent effects reflect orthographic

or semantic activation.
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Levels of Processing

Table 1 shows how the processing level of each manipulated variable was coded in our
meta-analysis. As shown, nine of the 16 manipulations targeted orthographic processing (i.e.,
morpho-orthography in priming/preview studies, number of strokes), phonological
processing (i.e., morpho-phonology in priming/preview studies, homophone density, number
of pronunciations), or semantic processing (i.e., morpho-semantics in priming/preview
studies, plausibility, transparency, number of meanings). However, the processing level(s) of
another six manipulations were difficult to specify and were thus not included in the analysis.

Additional analyses based on a subset of data involving 138 effect sizes revealed
significant constituent effects for all three processing levels (all gms > 0.15, ps <.001),
indicating that orthographic, phonological, and semantic properties of the constituents affect
the processing of Chinese compound words. A moderator analysis showed that the
differences among the three processing levels were not significant, F(2, 135)=2.85, p
=.062; however, the effect size for phonological processing was significantly smaller than
that for orthographic processing (p = .027). Significant unexplained variance remained
between all effect sizes after accounting for processing level, Qg(135) = 434.45, p <.001.
Priming and Preview Paradigms

Although most priming experiments have manipulated the relationship between prime
and target words (e.g., their morpho-orthographic, morpho-phonological, and morpho-
semantic relatedness; X. Zhou et al., 1999), several have instead manipulated the properties
of the target words, such as morpheme type or semantic transparency (e.g., Peng et al., 1994;
Tsang & Chen, 2014). Nevertheless, overall morphological priming effects can be examined
through comparisons with the unrelated control condition (e.g., X. Zhou et al., 1999).
Because the former three types of priming use a similar approach to localize the processing

level(s) mediating constituent priming (see Table 1 for details and examples), our analysis
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focused on these three types of priming. The results of our meta-regression showed small
effects for morpho-orthographic (gm = 0.27, 95% CI[0.20, 0.35], p <.001), morpho-
phonological (gm = 0.12, 95% CI [0.01, 0.23], p = .035), and morpho-semantic (gm = 0.22,
95% CI1[0.15, 0.29], p <.001) priming; only the difference between morpho-orthography and
morpho-phonology was significant (p =.024). Moreover, results of additional analyses
implied that, when including the level of morphology, the effect size for morphological
priming (gm = 0.44, 95% CI [0.35, 0.52], p <.001) was significantly larger than that for
morpho-orthographic, morpho-phonological, and morpho-semantic priming (all ps <.005).

In reading studies using the preview (i.e., boundary) paradigm, the processing level of
the first constituents of target compound words has been examined by manipulating the
morpho-orthographic, morpho-phonological, and morpho-semantic consistency between the
previews and targets. The results of a meta-regression showed that the magnitude of the
constituent effects using these different types of preview manipulations were similar, (2, 17)
=1.21, p = .324. Furthermore, morpho-orthographic (gm = 0.37, 95% CI [0.14, 0.60], p
=.004) and morpho-semantic preview (gm = 0.21, 95% CI [0.06, 0.37], p = .009) yielded
significant constituent effects, while the overall effect size of morpho-phonologic preview
was not significant (gm = 0.17, 95% CI [-0.01, 0.36], p = .065). These results thus again
demonstrate constituent effects on the orthographic and semantic processing levels.

ERP Experiments

Several studies have recently used ERPs to explore the time course of compound-word
processing in Chinese reading (e.g., Chen et al., 2017; Wei et al., 2023). The high temporal
resolution of ERPs, coupled with the sensitivity of specific ERP components (e.g., N170 and
N400) to orthographic, phonological, and semantic processing can provide unique insights
into the time course of these different types of processing. Moreover, a recent ERP mega-
study of Chinese word processing (Tsang & Zou, 2022) has also provided evidence of rapid

semantic processing (e.g., effects of semantic transparency) by 200 ms. To enhance our
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understanding of these processes, we have aggregated evidence from these ERP studies and
focused on two time-windows: 200 ms and 400 ms. Given that ERP research employs a
fundamentally different approach than the studies reviewed earlier, we conducted a separate
meta-analysis on ERP data. Detailed information on this meta-analysis is available in
Supplementary Materials 3.

Components at ~200 ms. We extracted 32 effect sizes from 12 articles reporting 12
experiments. The overall effect size was small but significant, grm = 0.18, 95% CI [0.11,
0.27], (31) = 5.05, p <.001, 90% prediction interval [—0.09, 0.45]. This finding indicates
that, if a compound word is primed by a morphologically-related prime word or a compound
word contains a high-frequency character, then there is an amplitude reduction around 200
ms after the onset of target word. There was substantial heterogeneity in the effect sizes,
Or(31) = 63.38, p < .001. An LRT revealed significant within-sample variance, o*(Level 2)
=.024, x*(1) = 5.88, p = .015, indicating a heterogeneous effect size distribution. However,
the between-sample variance was not significant, c*(Level 3) <.001, x*(1) <.001, p > .999.

Moderator analysis was conducted for manipulations in primed lexical decision, which
was assessed using morpho-orthographic, morpho-semantic, and morphological priming'?. In
the subgroup analysis, constituent effects were significant at three levels (morpho-
orthographic: gm = 0.29, 95% CI [0.13, 0.47], p = .001; morpho-semantic: gm = 0.19, 95%
CI[0.03, 0.36], p = .022; morphological: gim = 0.30, 95% CI [0.14, 0.46], p <.001).
Additionally, the effect sizes were not moderated by processing level, publication year,
publication language, or writing system (ps > .173).

Components at ~400 ms. We extracted 41 effect sizes from 15 articles reporting 15

experiments. The overall effect size was small-to-medium, gmm = 0.22, 95% CI [0.10, 0.34],

12 Studies manipulating morpho-phonology were fewer than four and thus they were
excluded.
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#(40) =3.74, p <.001, 90% prediction interval [—-0.20, 0.64]. This indicates that, when a
compound word is primed by a morphologically-related prime word or a compound word
contains a semantically transparent morpheme, there is an amplitude reduction around 400
ms after the onset of target word. There was substantial heterogeneity in the effect sizes,
Or(40) = 140.45, p < .001. An LRT revealed significant within-sample variance, o*(Level 2)
=.032, ¥*(1) = 12.35, p < .001, indicating a heterogeneous effect size distribution. However,
an LRT did not reveal significant between-sample variance, o*(Level 3) = .027, x*(1) = 3.16,
p=.075.

Further moderator analyses assessed whether word-presentation method, manipulation,
processing level, writing system, and/or publication year significantly moderated the
constituent effect. For presentation methods, the constituent effect for priming was larger
than that for single-word presentation, F(1, 36) = 6.85, p = .013, with a significant effect for
priming (gm = 0.31, 95% CI [0.18, 0.43], p <.001) but a nonsignificant effect for single-
word presentation (gm = 0.02, 95% CI [—0.16, 0.20], p = .789). For manipulations, there were
significant differences among morpho-orthographic priming, morpho-semantic priming,
morphological priming, and the number of meanings, F(3, 26) = 6.14, p = .003. This suggests
constituent effects from both the orthographic and semantic levels, with related priming
conditions producing more benefit (i.e., reducing the N400) than the control condition. The
effect sizes were significant for the first three manipulations (ps <.009), but not for number
of meanings (p = .914). Writing system, publication language, and publication year did not
significantly affect the strength of the constituent effect (ps >.063).

Manipulations of Constituent Properties

The effect size estimates for different constituent properties within each task are shown

in Table 6 and Figure 4. The aggregate effect of character frequency, based on 35

experiments employing various tasks, was significant (gim = 0.10, 95% CI[0.03, 0.17], p
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=.007). However, there was only evidence for a character-frequency effect in naming (gm =
0.41, 95% CI1[0.11, 0.70], p = .008), but not in the lexical decision or reading tasks (both gms
<.14, ps > .153). The aggregate effect of neighborhood size was significant across tasks of
lexical decision, naming, and reading (gm = 0.25, 95% CI1[0.10, 0.40], p = .001). However,
none of these tasks had a sufficient number of effect sizes to allow separate analyses. The
effect of position probability was not significant, either in the overall estimate (grm = 0.09,
95% CI[—0.03, 0.21], p = .124) or within any individual task (both gms < .14, ps > .061).
Experiments manipulating the number of strokes did not show significant constituent effects
(gm = .21, 95% CI [-0.02, 0.44], p = .070). Finally, the analyses of semantic properties
indicated an effect of their semantic transparency (gm = .20, p =.019) but no effects of their
number of meanings (gm = 0.11, 95% CI [-0.08, 0.30], p = .262). For other manipulations
(i.e., contextual diversity, morpheme type, number of pronunciations, homophone density,
and semantic plausibility), there were not sufficient effect sizes to make reliable estimates.
Discussion

Although the functional roles of constituents versus whole words in compound-word
processing has been of long-standing interest (e.g., Taft & Forster, 1975, 1976), the question
of how compound words are identified has garnered interest with the growing appreciation
that research on this topic has been largely limited to languages using alphabetic scripts (Li et
al., 2022; Reichle & Yu, 2023; see also Share, 2008). As noted, the Chinese language has its
unique writing system that provides an ideal forum for addressing this question because most
words consist of two constituent characters. That being the case, the present meta-analysis
combined evidence from individual experiments investigating constituent effects to provide
new insights into the complex nature of Chinese compound-word processing. By
incorporating 268 constituent effects from 139 experiments, our analysis revealed a small but

significant overall constituent effect with substantial heterogeneity across experiments.
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Further analyses revealed three major novel findings: (1) constituent effects were observed
irrespective of whether compound words were presented in isolation or embedded in
sentences, but the former effects was significantly larger; (2) constituent effects were
significant for experimental manipulations that affected the orthographic, phonological, and
semantic processing of words; and (3) the characteristics of the semantic transparency,
neighborhood size, and character frequency affected compound-word processing. The next
sections will discuss each of the findings in turn, as well as their theoretical implications.
Compound-Word Processing in Isolation vs. Sentences

Given that the results of at least a few eye-tracking experiments have been interpreted
to suggest that compound words are processed holistically during sentence reading (Shen et
al., 2018; Yang et al., 2012; Zhou & Li, 2021), one obvious question is: Are compound
words processed differently in sentences compared to in isolation? The present meta-analysis
provides a tentative answer to this question by showing that constituent effects were
significant for compound words presented using either method, although the effect was larger
for words displayed in isolation than words displayed in sentences. This difference may
reflect the nature of the tasks used to examine compound-word processing in the two
presentation methods, with tasks like lexical decision and naming being used with isolated
words and natural reading being used with compound words displayed in sentences.

For example, the findings of null constituent effects in reading come from studies that
manipulated the plausibility of compound words and the initial constituents—a manipulation
that may have emphasized the post-lexical integration of the words (Yang et al., 2012). Such
manipulations may consequently attenuate the effects of constituent processing because non-
lexical information related to both sentence and discourse processing may have facilitated
word processing, providing additional support that would be unavailable with tasks like

lexical decision or naming. If this interpretation is correct, then readers may be less reliant
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upon the processing of a compound word’s constituents during natural reading because the
word’s identification is supported by the sentences in which they are embedded.
Additionally, more cognitive resources might be recruited to support working memory,
semantic integration, and sentence comprehension during reading in addition to the
identification of words. According to this account, studies presenting compound words in
isolation versus sentences may be investigating different stages of word processing, thereby
overestimating or underestimating the magnitude of constituent effects, respectively. Future
research should therefore carefully consider this important methodological factor (i.e.,
presenting words in isolation vs. sentences) to better understand how sentence-level
information might be used to support the processing of compound words.

Another possible interpretation of the aforementioned difference is related to word
segmentation in Chinese. A key distinction between identifying words in isolation versus
natural reading is related to the demands of segmentation. With isolated presentation, there is
no need to segment a word from surrounding characters because processing is restricted to
only two characters, allowing the constituents to play a more prominent role in processing. In
contrast, during sentence reading, readers must locate and segment meaningful character
strings from text. For example, according to the CRM (Li & Pollatsek 2020), word
segmentation happened with recognition, with word-level representations receiving the most
activation and their constituents being only briefly activated during the early stages of
processing. Thus, if this description is approximately correct, then compound-word
constituents should play a small and secondary role in compound-word recognition, with the
activated word representation playing a much more prominent role. The CRM thus provides a
natural account for why constituents play a more prominent role in isolated word
identification.

Orthographic, Phonological, and Semantic Processing
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Our meta-analysis attempted to identify those manipulations that affect the processing
of constituents at the orthographic, phonological, and semantic levels. Although this was not
an easy task, there is some consensus about how the different manipulations specifically
target the different levels of lexical processing. For example, a constituent’s number of
strokes is the variable affecting orthographic processing (e.g., Cao et al., 2023; Liu et al.,
2007). Similarly, a constituent’s homophone density and number of pronunciations affect
phonological processing (e.g., Liu et al., 2007; Tse et al., 2022), while its semantic
transparency, semantic plausibility, and number of meanings affect semantic processing (e.g.,
Liu et al.,, 2007; Tse et al., 2022; Tse & Yap, 2018). Our meta-analysis generally indicated
that manipulations of these orthographic, phonological, and semantic variables affected
compound-word processing.

Our meta-analysis provided evidence that constituent orthographic information
becomes available during compound word processing. This small but reliable effect was
evident in both morpho-orthographic priming and preview experiments (e.g., Tsang et al.,
2021; Zhou et al., 1999). The findings suggest that, when the orthographic (and possibly
phonological) forms of the prime/preview constituents are activated, this activation facilitates
the subsequent processing of the compound words. And because the meanings of the
constituents differ between the primes and targets, these effects cannot be due to semantic
processing. Finally, our meta-analysis suggests that effects of number of strokes and position
probability on compound-word processing are limited.

Our meta-analysis also provided evidence that constituent phonological information
becomes available during compound-word processing. There were reliable morpho-
phonological priming and preview effects, with more rapid identification of compound words
when they were preceded by a different character sharing the same pronunciation as the

compound words (e.g., Pan et al., 2016; Tan & Peng, 1991). These results indicate that the
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phonological forms of the prime/preview characters are activated, and that this facilitates the
subsequent processing of the compound words. These results also nicely illustrate how
phonological information becomes available in a rapid and largely automatic manner despite
the ambiguous grapheme-to-phoneme mappings in Chinese.

Finally, our meta-analysis provided evidence that constituent semantic information also
becomes available during compound-word processing, and the effects were statistically
significant in studies manipulating morpho-semantic prime/preview (e.g., Tsang et al., 2014;
Yan et al., 2012; Zhou et al., 1999) and semantic transparency (e.g., Tsang & Chen, 2014).
Although the bulk of our evidence for semantic effects was garnered from priming
experiments (Tsang et al., 2014; Tsang & Chen, 2013; Zhao et al., 2021), these experiments
are inherently limited because two compound words that share a morpheme are often related
in meaning, making it difficult to know if the observed priming effects are due to constituent
or whole-word processing. However, one eye-tracking study using the boundary paradigm
clearly illustrates this difficulty (Shen et al., 2018). In Shen et al., the first constituent of
preview and target words were the same character, functioning as an ambiguous morpheme
with both dominant and subordinate meanings. They manipulated whole-word semantic
similarity and morpho-semantic similarity between preview and target words. The results
showed that the fixation durations on the target word were shorter when the morpheme
meanings were the same rather than different, but this effect emerged only when the preview
and target words were semantically related. Their results suggest that whole-word meaning
plays a critical role in processing Chinese compounds, with whole-word access serving as the
primary route for reading two-character compounds. Therefore, these findings imply an
interaction between constituent and whole-word meaning, and underscore the dominance of

whole-word representation especially when reading comprehension is emphasized.
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Taken together, our findings suggest that the constituents of Chinese compound words
are activated at the orthographic, phonological, and semantic levels, consistent with the
hypothesis that constituents are represented at each of these three levels (Tan & Perfetti,
1999; X. L. Zhou & Marslen-Wilson, 2000). Importantly, our evidence for the semantic
processing of constituents is highly diagnostic because, although all models of Chinese
reading assume some degree of orthographic and phonological processing, the semantic
processing of constituents is seemingly inconsistent with holistic models (e.g., Packard, 1999;
Smith et al., 2021) but a prerequisite for compositional models (e.g., Taft et al., 1999; Taft &
Zhu, 1997).

Manipulations Affecting Multiple Processing Levels

Although the preceding discussion focused on effects that can be localized to one of the
three lexical processing stages, many variables cannot be unambiguously localized and may
affect processing at two or more stages. For example, the effects of both morphological and
morphemic-relatedness priming were robust and likely reflect whole-morpheme processing at
the orthographic, phonological, and semantic levels (e.g., Jia et al., 2013; X. L, Zhou et al.,
1999). And manipulations of constituent properties, such as their contextual diversity,
neighborhood size, and morpheme type, all induced significant constituent effects (e.g., Chen
et al., 2017; Yao et al., 2022), although the specific level(s) of processing associated with
these variables remain controversial.

Perhaps most importantly, however, the effects of character frequency, which have
been investigated in many studies and are always interpreted as evidence for compositional
processing, were significant when using naming tasks but not when using lexical decision or
reading tasks in our meta-analysis. Indeed, we should note that previous studies manipulating
character frequency have shown inconsistent results. For example, studies of character

frequency have reported facilitation (Tse & Yap, 2018; Yan et al., 2006), inhibition (Xiong et
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al., 2023; Yu et al., 2021), or null effects (X. Li et al., 2014; Ma et al., 2015), or that
character-frequency effects are moderated by both whole-word frequency and constituent
position (Cui et al., 2021; Yan et al., 2006). Given these mixed results, it is not unexpected
that the overall character-frequency effect in our meta-analysis was small. Although different
interpretations of these mixed results have been offered, our meta-analysis indicated that the
character-frequency effects were absent in both natural reading and lexical decision, which
precludes a simple explanation based on either a difference in word-presentation methods or
task demands. However, character-frequency effects were significant in the naming task,
which arguably emphasizes character processing more than natural reading or lexical
decision (see Xiong et al., 2023). Finally, the frequency variable may generate faciliatory or
inhibitory effects with character versus word processing. For example, Zhang et al. (2024)
showed that constituent frequency effects are facilitatory on the character level but inhibitory
on the word level. For that reason, the facilitatory and inhibitory effects may cancel each
other, resulting in small but inconsistent effects across different studies.

Of course, complicating this account is that other experiments have also demonstrated
that the character-frequency effect is modulated by factors such as constituent neighborhood
size and transparency (Taft et al., 1994; Peng et al., 1999). For example, Peng et al. (1999)
found that the character-frequency effect was modulated by transparency, with a positive
effect for transparent words and a negative effect for opaque words. Based on these findings,
Peng et al. argued that, for opaque compounds, sematic activation at the word level was
attenuated due to active competition among the meanings of their individual characters. Such
studies therefore suggest that the mixed findings regarding character frequency may be due to
factors such as neighborhood size and transparency not being well controlled. Based on the

results of the current meta-analysis, we could not rule out this possibility because the studies
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included seldom reported whether they controlled neighborhood size or semantic
transparency.

CRM (X. Li & Pollatsek, 2020) provides one possible account for the finding of the
limited effect of character frequency. According to this model, compound words are
identified via an active competition of nodes representing single- and multi-character words.

For example, if the word being identified is a compound word (e.g., A#¥, meaning a lot of

people), then a node representing the word normally “wins” this competition because it
receives the most activation from nodes representing its constituent characters (i.e., activation

from the A node, meaning people, and the #f node, meaning swarm). The model simulations

show that word nodes receive the most activation with compound word characters obtaining
only fleeting activation in the initial stages of word recognition. Thus, compound word
constituents have a small and secondary role in compound word recognition, while the
activated word representation plays the key role.
Other Moderators

Our meta-analysis examined other potential moderators of constituent effects, including
whole-word frequency (see Appendix B for results), whether the compound words were
displayed using simplified or traditional characters, as well as the publication year and type
(i.e., journal articles vs. other sources) of the included studies. Our results suggest that none
of these variables significantly moderated constituent effects. The exception was publication
year, with the magnitude of the constituent effect becoming smaller over time. This may
reflect general changes within the field of Chinese language research, such as increasing
quality of the experiments or statistical methods. We did not find the moderating effects of
whole-word frequency, which is inconsistent with the findings in some individual
experiments (e.g., Yu et al., 2021). Moreover, constituent effects were absent when

considering whole-word frequency, for both high- and low-frequency words. These results
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demonstrate that whole-word representations are likely to dominate the identification of
compound words, while constituents have little role to play, as suggested by both the CRM
(L1 & Pollatsek, 2020) and CEZR (Liu et al., 2024). Nonetheless, the findings should be
treated cautiously given the limited number of effect sizes in this analysis. Finally, the results
of our publication bias analysis could not rule out some degree of publication bias in
experiments investigating constituent effects due to some asymmetry in the overall funnel
plot and the heterogeneity across experiments.
Implications

The preceding pattern of results is admittedly complex. For that reason, the final
sections of this article will discuss the implications of our results for four broad theoretical
and practical topics: (1) the evaluation and development of models of Chinese reading; (2)
the understanding of how structural differences between logographic and alphabetic scripts
might differentially affect compound word processing; (3) the design of future experiments to

examine Chinese compound-word processing; and (4) the teaching of the Chinese language.

Models of Chinese Reading

Although most “models” of Chinese reading are either verbal theories that cannot be
rigorously evaluated or limited to simulating the identification of single characters (see
Reichle & Yu, 2018), one important theoretical implication of our meta-analysis is that these
models must be able to explain why the processing of compound words is affected by
properties of both the words themselves and their constituents. Additionally, models must
explain why constituents of compound words in isolation tend to produce larger effects than
constituents of compound words in sentences, and why the constituent effects are not
moderated by the whole-word properties. Any complete model of reading (e.g., CRM: Li &
Pollatsek, 2020; CEZR: Liu et al., 2024) must of course also explain why information

provided by sentences facilitates the processing of compound words. Finally, due to the
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inherent complexity of both the effects and the models, the accounts provided by the latter
must be in the form of actual simulations—verbal accounts are simply not sufficient to
guarantee that any explanation that is provided will be accurate (Hintzman, 1991).

Because two of the authors of this article have been involved in the development of the
aforementioned CRM and CEZR models, it would be amiss not to at least comment on the
more direct implications of our findings for those two models. For example, the CRM
proposed by Li and Pollatsek (2020) provides a novel account of how compound words are
processed in Chinese reading. Because the CRM adopts an interactive-activation framework
(see McClelland & Rumelhart, 1981), it posits that words are processed through a network of
nodes that represent three distinct types of information: visual, character, and word. The
model also posits that, when processing a compound word, all of the character nodes within
the perceptual span will become active, which will then activate all of the word nodes that
can be formed from those characters, including both single-character and compound words.
These activated word nodes then compete with each other until the activation of one exceeds
a threshold, causing the word that it represents to be identified. Because compound words
will receive activation from more character nodes than single-character words, the former
typically win the competition, allowing compound words to be identified in a holistic
manner. But because character nodes and the nodes of single-character words are both
activated, the properties of individual characters can influence the time required to identify
compound words. The CRM can therefore accommodate both the whole-word effects and
constituent effects that have been documented in previous studies. By this account, holistic
versus constituent processing may not be opposing processes, but rather aspects of lexical
processing that occur within a single framework. However, it is important to acknowledge

that, because the CRM does not implement phonological or semantic processing, it cannot
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explain findings related to those types of processing. Clearly, further research is needed to
understand if and/or how those findings might be accommodated with the CRM framework.

The CRM also provides a tentative account of the mixed findings that have been
reported for constituent effects, such as reports of positive, null, and negative effects of
character frequency on compound word processing. According to the model, such effects
should occur because of two countermanding tendencies: (1) high-frequency characters tend
to be processed more rapidly than low-frequency characters, thereby contributing to a net
positive character-frequency effect; (2) single-character words tend to be higher in frequency
than multi-character words, thereby producing more intra-lexical competition and
contributing to a net negative character-frequency effect. The CRM would thus predict that
the relative balance of these two opposing factors would determine the sign of the character-
frequency effect and the mixed effects that have been reported in the literature.

Turning now to the CEZR proposed by Liu et al. (2024; see also Yu et al., 2021), it is
important to first note that this model, in contrast to the CRM, does not provide a detailed
account of how Chinese words are actually processed and identified. The CEZR instead only
describes how variables related to each word (e.g., its frequency, predictability, etc.), in
combination with a heuristic that evaluates the familiarity of each possible grouping of
characters within a four-character focus of attention, is used to determine which characters
will be segmented in identifying the word, and how long this processing will take.
Consequently, although the model does not specify the actual mechanics of word
identification, it is broadly consistent with our findings that constituent properties affect
compound word processing. However, the evidence that the semantic constituent properties
(e.g., transparency; Han et al., 2014; Lee et al., 2021; Y. Wu & Li, 2018) affect gaze
durations on compound words during reading has an important ramification because it

strongly constrains the nature of character familiarity as posited in the model—that it varies
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as a function of meaning and not just, for example, orthographic form. That being said,
whether or not this general prediction can be leveraged into a more concrete experiment and
thus used to test the model is a task for another day.
Script Influences on Compound Word Processing

Compound-word processing reveals significant differences between Chinese and
alphabetic languages. These differences are rooted in the distinct characteristics of their
respective writing systems, which in turn influence how words are processed and identified.
For example, in Chinese, which has a logographic script, compound words are usually
composed of two characters that each represent a morpheme having a specific meaning. The
results of priming and preview experiments reviewed in our meta-analysis suggest that
morpho-semantics becomes available rapidly and obligatorily during Chinese compound-
word processing. For example, a series of experiments varying the SOA to investigate the
time course of morpho-semantic processing demonstrated that compound words sharing
morphemes produced stronger priming effects than those sharing only characters, indicating
the early activation of semantic information (e.g., Zhou et al., 1999). There is also evidence
of rapid morpho-semantic processing for both transparent and opaque compound words
(Tsang & Chen, 2014).

In contrast, the processing of morphologically complex words in alphabetic languages
is predominantly sensitive to orthographic properties. For example, Rastle et al. (2004)
investigated the role of semantic information in processing the words with suffixes and found
that the early stages of word identification were primarily influenced by the orthographic
properties of the constituents. This suggests that, in the reading of alphabetic scripts,
morphological processing, including the activation of semantic information, occurs
subsequent to orthographic processing. One reason for this is that the processing of

alphabetic compound words may necessitate that the words are first decomposed into their
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constituent morphemes because the boundaries of those constituents are not explicitly marked
(as they are in Chinese). This conjecture is consistent with the findings from a priming
experiment using magnetoencephalography (MEG) that support morphological
decomposition of English compound words (Brooks & Cid de Garcia, 2015); based on these
results, the authors concluded that decomposition was independent of semantics, and that the
meanings of morphemes were combined in a later stage, but only if the words were
semantically transparent. However, from another perspective, the lack of clear morpheme
boundaries in alphabetic languages may necessitate earlier morpheme meaning access to
facilitate the decomposition procedure. It is important to note that other studies of alphabetic
languages have reported evidence for early morpho-semantic effects in the processing of
derived and inflected words, two other types of complex words composed of multiple
morphemes (e.g., Diependaele et al., 2011; Feldman et al., 2009, 2010, 2015). One possible
explanation is that the morphemes are often salient due to orthographic features (e.g., Taft &
Nguyen-Hoan, 2010), even in the absence of explicit boundaries. Such features may therefore
allow orthographic segmentation to be completed rapidly, which may then allow rapid access
to morpho-semantic information.

These possible differences related to how compound words are processed in Chinese
versus languages that use alphabetic scripts probably reflect inherent visual and/or structural
differences in the two types of writing systems. For example, in Chinese, individual
characters are distinct units having clear boundaries, facilitating the rapid identification of
morphemes without the need to first decompose the word into its constituents. Words written
in alphabetic scripts, on the other hand, usually consist of continuous letter strings,
necessitating some type of orthographic analysis to segment the words into their morphemes
prior to accessing their meanings. Further illustrating this difference, Li et al. (2022) showed

how visual length and morpheme segmentation influence compound-word processing: In
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logographic scripts like Chinese, the segmentation of morphemes is more straightforward due
to the clear demarcation of characters, whereas in alphabetic scripts, word length and the
absence of explicit morpheme boundaries make orthographic processing more critical. This
difference suggests that different cognitive strategies are employed by readers of different
writing systems: Chinese readers are likely to rely more on direct semantic activation
facilitated by distinct morpheme boundaries, whereas readers of alphabetic languages may
rely upon orthographic cues to first decompose compound words and then access the
meanings of their constituents. This fundamental difference highlights how human cognition
adapts to various linguistic structures.

Future Experiments

Further empirical work is clearly required to better understand how experimental tasks
and word-presentation methods affect compound-word processing. Although our meta-
analysis suggested the important role of how compound words are displayed, this variable is
obviously confounded with the experimental task in that, for example, natural reading
requires target words to be displayed within the contexts of whole sentences. Future efforts
might therefore be directed towards de-confounding these two variables, perhaps by using
methods like rapid visual serial presentation (RSVP) that afford a more “natural” reading of
compound words than words displayed in isolation. This method would allow the obtained
results to be directly compared with natural reading, on one hand, and lexical decision,
priming, and naming, on the other.

Another critical issue is whether constituent effects reflect composition or simply the
activation of constituent. Although most studies suggest that morphemic semantic
information is activated, few provide direct evidence that compound-word meanings are
composed of constituent meanings (e.g., Tsang & Chen, 2013). The “traditional” view of

compound-word processing (e.g., Taft & Forster, 1975, 1976) interpreted early constituent
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effects as evidence for composition. However, alternative mechanisms have also been
proposed to explain the early constituent effects. For example, some studies have suggested
that constituent and whole-word semantic representations are activated simultaneously, with
morphological processing arising from the interaction between them (Zhou & Marslen-
Wilson, 2000; Zhou et al., 1999). Given the complex relationship between constituent and
whole-word representations, especially at the semantic level, future studies are needed to
directly test whether readers compose word meanings from morphemes.

Finally, although we identified some factors that significantly moderated constituent
effects, the substantial heterogeneity observed suggests that additional moderators remain
unexplored. One such factor is semantic transparency, which was found to play an important
role in compound word processing (Peng et al., 1999). Unfortunately, we were unable to
assess this moderator because few studies reported semantic transparency for their materials
or examined its interaction with other variables. Future research is therefore required to
examine additional moderators, to explore the possible interactions between orthographic and
semantic processing during compound-word identification, and to clarify how properties at
both the whole-word and constituent levels affect compound word processing.

Educational Practice

Our meta-analytic findings on constituent effects in Chinese compound-word
processing have implications for language instruction. For novel compound words,
understanding the role of morphemic constituents can enhance the efficiency of vocabulary
acquisition. Educators should therefore design targeted exercises that emphasize the
identification and understanding of individual morphemes at orthographic, phonological, and
semantic levels. This approach is particularly useful in Chinese, where characters often carry
distinct meanings, thereby enabling learners to build a robust vocabulary through morpheme-

based instruction.



CONSTITUENT EFFECTS IN WORD PROCESSING 57

In the case of identifying lexicalized compound words, if different properties of
constituents play different roles, then additional meta-analyses might be required to provide
insights into whether and how constituents affect compound-word processing. By identifying
specific characteristics that affect lexicalized word processing, educators might be able to
tailor their teaching methods to address these nuances. For example, if certain morphemic
properties are found to facilitate the identification and comprehension of compound words,
then instructional materials can incorporate these properties to support learning. This targeted
approach can improve the overall efficiency of Chinese language learning, helping students
to better grasp the complex morphology of the language.

Overall, our meta-analytic findings on constituent effects have significant practical
implications for language instruction. By leveraging the insights gained from the reviewed
experiments, educators can enhance word acquisition training, improve comprehension of
both novel and lexicalized compound words, and ultimately increase the efficiency of
Chinese language learning.

Limitations

In closing this discussion, it is important to acknowledge that our meta-analyses have
several limitations. First, our meta-analytic methods presupposed independent effect sizes
even though approximately a third of the included experiments provided multiple effect sizes.
Second, all the included experiments used university students as participants, limiting the
generalizability of our findings to other populations (e.g., readers having different
educational backgrounds or from different age groups). Third, our different methods for
detecting publication bias yielded mixed results and were less reliable when heterogeneity
was high. Therefore, we should be cautious when interpreting the publication bias findings.
Finally, the significant moderator that was identified in our meta-analysis, word-presentation
method, was often confounded with certain manipulations, making it difficult to disentangle

their effects. However, when we only included those manipulations that were used in studies
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both with and without sentences (totaling 8 manipulations and 239 effect sizes), the
moderating effects of presentation method was still significant, (1, 237) = 14.14, p <.001.
Despite these limitations, it is important to note that our meta-analyses have none-the-less
clarified the functional role of constituent processing in the identification of Chinese
compound words.
Conclusion

This meta-analysis of constituent effects provides important new insights into how
Chinese compound words are processed and identified. By synthesizing three decades of
empirical evidence on processing of Chinese compound words, our findings suggest that the
processing of individual constituents has a small but significantly positive impact on the
processing of compound words. Moreover, constituent effects were observed at the
orthographic, phonological, and semantic processing levels, and they were observed in both
sentence reading and when words are presented in isolation, suggesting that the constituent
effect is robust during Chinese reading. However, the small magnitudes of the constituent
effects, as well as the null constituent effects when using plausibility paradigms, suggest that
readers might use different processing strategies during word identification and word
integration. Although these results suggest that the constituents of compound words are
activated during word identification, compound words are processed as a whole unit during
integration. These findings are important for understanding how compound words are
processed in Chinese and also shed light on universal mechanisms of compound-word
processing across languages by demonstrating how a language’s script can influence the
cognitive mechanisms that support compound-word processing. Finally, the present study
showed substantial heterogeneity across multiple analyses, so the averaged effect sizes
should be interpreted with caution. Future studies with additional exploratory diagnostics

should be conducted to clarify the sources of variabilities across studies.
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Table 1

Examples of Experimental Manipulations Used to Study Chinese Compound-Word

Identification
. Example for Example for
. . Operational . .
Manipulation Definition Experimental Reference Processing Level
Condition Condition
Does presenting a compound
word with a character sharing
the V1§ual f?rm l(lbu'[ riot - Prime 4 4f (% means
Morpho- meaning) of'a character in the Chinese in hua2 qiao2, Prime % # (wan2
. target word affect its . .
orthography (in . overseas Chinese) - zheng3, intact) -
riming/preview  ProccoSNEs compared to an Target #£# (4 means Target # % (hua2 Orthography
P & unrelated control? g . b re b
studies) Orthographic information of ma.gmﬁcem.‘ in hua2 guid, luxurious)
the constituent is pre- guid, luxurious)
activated in experimental
condition.
The visual complexity of a L g " o
Number of character defined by the 5E (suspect) in 5t/ ~ ‘(hearl) o
o (doubt) has many strokes  (mind) has few Orthography
strokes number of individual strokes
. . (N=14) strokes (N =4)
required to write a character.
The HD of #i (yi4,
The number of homophones, benefit) in. bk (m.eans The HD of %
Homonhone i.e., number of characters grow the intellect) is (shuang3, crisp) in 7
densitp(HD) having an identical high (N =42); i.e., other e g2, crisp I Phonology
Y pronunciation with identical characters such as 5/X/ l(mefz\l}s_rgﬁ’ eshed)
tone. % are also pronounced ~ '* ow (N=0)
as yi4
Does presenting a compound
word with a morpheme
sharing the phonology (but
Morpho- not visual form or.meamng) PI“'IIII.Q & # ({E” means Prime % % (wan2
honology (in with a morpheme in the target  s/ip in hua2 xiang2, 7heng3, intact) -
primin review | Vord affects its processing, glide) - Target # 5 (4 Tareet %% (hua? Phonology
Stu dies% p compared to an unrelated means magnificent in arfel R (hua
control? Phonological hua2 gui4, ]uxurjous) gu, uxurlous)
information of the constituent
is pre-activated in
experimental condition.
The character & has
two pronunciations
Number of The total number of different ~ The character & has (zhong4 and chong?),
ronunciations  Pronunciations that a single only one pronunciation  although the Phonology
p character can represent. (cheng2) comprised compound
word has only one
pronunciation
Does presenting a compound
word with a morpheme
sharing the form and meaning Prime %47 (£ means
with a morpheme in the target ~ Prime Ty (% means e S
Morpho- o . . ) . Chinese in hua2
- word facilitate its processing, ~ magnificent in hua2 li4, .
semantics (in i qiao2, overseas .
priming/preview compareq toa morphem.e ornate) - Target % 51 Chinese) - Target 4 Semantics
studies) only sharing the form with the (i{: means magnificent # hua2 ouid,

target word? Semantic
information of the constituent
is pre-activated in
experimental condition.

in hua2 guid, luxurious)

luxurious)
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The morpheme 7t has
multiple meanings "
Number of The total number of different .related to (a) flowers, as Z:ley nglzﬁm;eﬁing .
S meanings that a morpheme in %4 (flowerpot); (b) related to sweet as jn | Semantics
has. tricks, as in 1638 (trick); ¥ A (syrup)
and (c) spend, as in {£4% yrup
(expend)
11 (door)in |11
1T (door) in [T (gate-  (gate-keeper) is
keeper) is plausible implausible when
Whether the first constituent when paired with the paired with the verb
Plausibility of a compound word is a verb %47 1] (kick the ¥ K17 (entreat the Semantics
plausible head noun when door), and the door), while the
varying the preceding verb. compound word is also compound word is
plausible (%4717 T, plausible (%K1 X,
kick the gate-keeper) entreat the gate-
keeper)

_ The degree of semantic % (home) is transparent % (home) is opaque
Semantic similarity between in F & (family) with in % (quy) without  Semantics
transparency morphemes and whole . .

compound word. related meanings related meanings
Does presenting a compound
word that includes a
morpheme sharing form and
meaning with a target word Prime # i (% means Prime % % (wan2
Morphological facilitate its processing, magnificent in hua? li4, hen 37Ei ntact) -
orpholog compared to the unrelated ornate) - Target %5 & - N/A
priming control? Orthographic, (% means magnificent Ta.rget e (hua2
phonological, and semantic in hua2 guid, luxurious) guid, luxurious)
information of the constituent
is pre-activated in
experimental condition.
g:riizﬁﬁfz;;izg:z;pears The CF of U7 (listen) in Th; CF of JB (mud) in
Character o ) Y hearing) is high P (clay sculpture
frequency (CF) ~ “ithina given corpus of text; ()1%;21( in SU§)TLE>§- ijsjlow( 3 Vi o
e.g., number of occurrences ’
per million words. CH) SUBTLEX-CH)
. . The CD of ¥F (hand)in ~ The CD of £ (aide)
Contextual de E 2011;1 Oglll(i):hoiiszz ma F W (handkerchief) is in &8 (condiment) is N/A
diversity (CD) 0P high (99% in low (3.5% in
SUBTLEX-CH) SUBTLEX-CH)
The number of two-character
words sharing a constitute . The NS of 4%
Neighborhood c.ha?acter at the same p os@tion; Th? NS of & (large) in (adjacent) in 48 &
size (NS) similar to.far.nil)f size of single KX (everyone) is large (neighbor) is low (9 N/A
character in indicating how (306 in SUBTLEX-CH) \neignbor ) is low (
many words a character can in SUBTLEX-CH)
form at the specific position.
The probability of a character
appearing in some position
within a compound word, L
calculated by dividing the The position probability Th?bp [0)‘811‘? on £
Position number of words where the of & (total) in &3 proba 1.1 y;”;J) % N/A
probability character appears in a position  (head office) is high (profit) in

by the number of two-
character words containing
that character, regardless of
its position.

(0.84 in SUBTLEX-CH)

(interest) is low (0.25
in SUBTLEX-CH)
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Morphemic
relation priming

Morpheme type

The semantic relatedness of
two morphemes in a
compound word; in priming
studies, the prime shares the
morpheme and the relation
with the target in the
experimental condition, but
not in the control condition.

Does a character can stand
alone as a word?

Prime [7] 4] (sentence
indicating question) -
Target 5] 5 (mark
indicating question)

Experimental condition:

H, X means computer
(¥, dian4 means
electricity, fi nao3
means brain)

Prime [ % (survey

papers including

questions) - Target 5]  N/A
= (mark indicating
question)

47 ¥ means

earthworm, with

neither ¥ qiul or #|  N/A
yin3 being a stand-

alone word
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Table 2

Moderator Coding Criteria

Moderator (bold) and Level

Presentation Method

In isolation

In sentences

Paradigm of Isolate-
presentation

Single-word

Priming

Paradigm of Sentence-
presentation
Within-sentence presentation
(i.e., natural sentence
reading)

Preview presentation
(i.e., reading with boundary
paradigm)

Task in Single-word
Paradigm

Lexical decision

Naming
Semantic decision
Task in Priming Paradigm

Primed lexical decision

Primed naming

Primed semantic decision

Manipulation

Character frequency
Contextual diversity
Homophone density
Morpho-orthography

Coding Criteria

Target words are presented without prior and subsequent sentence
contexts.

Target words are presented in sentences, with prior and
subsequent contexts (i.e., other words in the sentences).

Each target word is presented on the screen in isolation. Any
words that appear before or after are unrelated to the target word.
A prime word is followed by a target word, with the relation
between the two varies across conditions.

The sentence containing the target word is presented normally.
Participants read the sentences naturally with their eye-
movements recorded.

There is an invisible boundary between the target word N and the
preceding word N-1. Participants read sentences, with eye-
movements recorded. The word N position is presented as a
preview word before eyes cross the boundary, and the preview
word is replaced by the target word immediately after eyes cross
the boundary.

Participants indicate if each stimulus presented on the screen is a
word or not by pressing keys.

Participants rapidly pronounce each word presented on the screen.
Participants indicate the presence of some semantic feature of a
word by pressing keys (e.g., concreteness judgments, category
judgments).

Participants indicate if each target stimulus is a word or not by
pressing keys; no response is required for the prime stimulus
(except 7 studies').

Participants rapidly pronounce target words; no responses are
required to the prime words.

Participants decide whether the target word is semantically related
to the prime word by pressing keys.

The independent variable manipulated in studies, which
represents a characteristic of the constituent or the relation
between prime/preview and target words and is different under
experimental and reference conditions as defined in Table 1.
Character frequency of target words manipulated.

Contextual diversity of target words manipulated.

Homophone density of target words manipulated.

Morpho-orthographic relatedness of target words manipulated.

13 Participants responded to all stimuli in these studies, while only the response times for the
target words were analyzed. In four studies, prime-target pairs were presented adjacently
(Cong, 2019; Jia et al., 2013; Jia & Zhou, 2023); in three studies with long-lag priming, the
primes and targets were separated by 8—12 intervening trials (Tsang et al., 2014).



CONSTITUENT EFFECTS IN WORD PROCESSING 78

Morpho-phonology
Morpho-semantics

Morphology

Morphemic relation

Morpheme type
Neighborhood size
Number of strokes
Number of meanings

Number of pronunciations

Plausibility
Position probability
Semantic transparency
Compound-word frequency
Low frequency
High frequency
Writing system'
Simplified Chinese
Traditional Chinese

Publication year

Publication type
Journal article
Other types

Morpho-phonological relatedness of target words manipulated.
Morpho-semantic relatedness of target words manipulated.
Morpho-orthographic, morpho-phonological, and morpho-
semantic relatedness of target words manipulated.

Semantic relation between two morphemes of target words
manipulated.

Morpheme type of target-word constituents manipulated.
Neighborhood size of target words manipulated.

Visual complexity of target-word constituents manipulated.
Number of meanings of target-word constituents manipulated.
Number of pronunciations of target-word constituents
manipulated.

Plausibility of target-word constituents manipulated.
Positional probability of target-word constituents manipulated.
Semantic transparency of target-word constituents manipulated.

Words in the study are explicitly reported as low-frequency.
Words in the study are explicitly reported as high-frequency.

Stimuli presented in the study are written in simplified Chinese.

Stimuli presented in the study are written in traditional Chinese.
Publication time of a journal article or book, or the submission
time of a thesis or dissertation (coded as a continuous variable).

Peer-reviewed articles published in journals.
Theses, dissertations, book chapters

4 Simplified Chinese is widely used in Mainland China, while traditional Chinese is mainly
used in Taiwan, Hong Kong, and Macao. Compared to simplified Chinese, characters written
in traditional Chinese tend to be more visually complex.
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Table 3

Models of Chinese Compound-Word Identification and Eye-Movement Control in Reading

Explained

Models Tasks Model Architecture Key Assumptions
Orthographic level: network of
Lexical interconnected nodes, containing
Triangle model decision, 50 units Orthographic, phonological, and semantic processing
(Smith et al., naming, Phonological level: similar to the of whole-words: knowledge is represented in a
2021) semantic above, containing 50 units distributed manner across the networks
decision Semantic level: similar to the
above, containing 150 units
. . Orthographic, phonological, and semantic processin,
. Orthographic level: constituent and Srapiic, p sical, nantic p sing
. Semantic . of constituents and whole-words (similar processing
Tan & Perfetti’s .. . word representations
decision, lexical . across all levels)
1999) model . Phonological level: same as above .
decision . Constituents and whole-words are processed
Semantic level: same as above - . .
simultaneously and with some degree of independence
. Orthograph.m level: constituent Orthographic processing of constituents: facilitative
Inter/intra . representations
. Lexical . effects
connection model . . Phonological level: not . . . S
. decision, primed . Semantic processing of constituents: facilitative effects
(IIC; Peng et al., implemented

1999)

Lemma model*®
(Taft et al., 1999;
Taft, 2003; Taft &
Nguyen-Hoan,
2010)

X. L. Zhou and
Marslen-Wilson’s
(2000) model

Chinese Reading
Model (CRM; Li
& Pollatsek’s,
2020)

Chinese E-Z
Reader (CEZR,;
Yuetal., 2021)

lexical decision

Lexical
decision, primed
lexical decision

Primed lexical
decision

Sentence
reading

Sentence
reading

Semantic level: constituent and
whole-word representations

Orthographic level: constituent
representations

Phonological level: constituent
representations

Semantic level: constituent and
whole-word representations

Orthographic level: constituent
representations

Phonological level: constituent
representations

Semantic level: constituent and
whole-word representations

Orthographic level: constituent and
whole-word representations
Phonological level: not
implemented

Semantic level: not implemented

Orthographic level: constituent and
whole-word representations
Phonological level: not
implemented

Semantic level: not implemented

on transparent words and inhibitory effects on opaque
words

Orthographic and phonological processing of
constituents: facilitative effects

Semantic processing of constituents: facilitative effects
on transparent words, no effects on opaque words

Orthographic and phonological processing of
constituents: facilitative effects, with the processing of
whole-words reflecting their constituents

Semantic processing of constituents: facilitative and
inhibitory effects (parallel to and competing with
whole-word processing)

Orthographic processing of constituents: facilitative
effects from character nodes and inhibitory effects
(competition) from word nodes (assumes orthographic
processing at both sub-levels)

Orthographic processing of constituents: facilitative
effects, with inhibitory effects on (some) words
embedded in sentences

15 The Lemma model (Taft et al., 1999; Taft, 2003; Taft & Nguyen-Hoan, 2010) assumes a lemma level between the form

and semantic levels, with both whole words and constituents being represented as lemmas. There is also hierarchical

relationship between these two types of lemmas, with the whole-word lemma being activated by the activation of their

constituent lemmas. Importantly, the lemmas are neither orthographic nor semantic, but instead represent the correlation

between orthography and semantics. Thus, according to the model, orthography and phonology are represented by

constituents while the semantic level is represented by both constituents and whole words.
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Table 4
Number of Effect Sizes and Studies (in Parenthesis) for Variables Across Tasks
Variable Level General ];d:cxilscigil Naming ]S)e;l;?gg IIjgxnllcez(lil Iggllﬁii S:rllr;lr?tcilc gggirg; é{:sg;i%&
Decision Decision Paradigm
Publication Type Journal 223(111) 33(18) 6(5) 2(2) 109(42) 4(2) 2(1) 47(331) 20(10)
Other 45(28) 8(4) 0 0 21(12) 0 0 16(12) 0
Publication Language Chinese 73(46) 6(3) 0 0 35(20) 4(2) 0 28(21) 0
English 195(93) 35(19) 6(5) 2(2) 95(34) 0 2(1) 35(22) 20(10)
Writing System Simplified 186(101) 19(9) 2(1) 0 87(40) 4(2) 2(1) 57(40) 15(8)
Traditional 82(38) 22(13) 4(4) 2(2) 43(14) 0 0 6(3) 5(2)
Word Frequency Low 28(22) 7(6) 1(1) 0 2(2) 0 1(1) 17(12) 0
High 27(18) 7(6) 1(1) 0 9(3) 0 1(1) 9(7) 0
Presentation Method In Isolation 185(86) 41(22) 6(5) 2(2) 130(54) 4(2) 2(1) 0 0
In Sentence 83(53) 0 0 0 0 0 0 63(43) 20(10)
Presentation Paradigm Single-word 49(29) 41(22) 6(5) 2(2) 0 0 0 0 0
Priming 136(57) 0 0 0 130(54) 4(2) 2(1) 0 0
Natural-sentence 63(43) 0 0 0 0 0 0 63(43) 0
Preview 20(10) 0 0 0 0 0 0 0 20(10)
Processing Level Orthography 45(30) 0 0 0 33(23) 2(1) 0 6(2) 4(4)
Phonology 25(20) 2(1) 0 0 12(10) 2(1) 2(1) 1(1) 6(6)
Semantics 68(51) 10(6) 0 2(2) 41(30) 0 0 5(5) 10(8)
Manipulation Character Frequency 53(35) 15(9) 5(4) 0 0 0 0 33(22) 0
Contextual Diversity 2(2) 0 0 0 0 0 0 2(2) 0
Homophone Density 1(1) 0 0 0 0 0 0 1(1) 0
Morpho-orthography 39(28) 0 0 0 33(23) 2(1) 0 0 4(4)
Morpho-phonology 22(18) 0 0 0 12(10) 2(1) 2(1) 0 6(6)
Morphemic Relation 5(5) 0 0 0 5(5) 0 0 0 0
Morpho-semantics 47(34) 0 0 0 37(26) 0 0 0 10(8)
Morpheme Type 3(2) 2(1) 0 0 1(1) 0 0 0 0
Morphology 38(27) 0 0 0 38(27) 0 0 0 0
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Neighborhood Size
Number of Meanings
Number of Pronunciations
Plausibility
Position Probability
Number of Strokes

Semantic Transparency

12(8)
8(4)
2(1)
2(2)

17(13)
6(2)

11(11)

8(5)
703)
2(1)
4(2)

33)

1(1)

S O O o O

S O ©O o O

44

S O O O o o ©

S O O O o o ©

3(2)
0
0
2(2)
13(11)
6(2)
33)

S O ©O © © o O
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Table 5
Effect Size Estimates for Each Subgroup of Moderators
Moderator (bolded) and levels s k grm 95% CI b(SE) R R P
Presentation Method 139 268 .053 224 <.001
Presented in isolation (RC) 86 185 0.25 [0.21, 0.29] <.001
Presented in sentences 53 83 0.13 [0.07, 0.19] -0.12 (0.04) <.001
Paradigm of isolated presentation 86 185 012 .199 114
Single Word 29 49 0.20 [0.12, 0.28] <.001
Priming 57 136 0.28 [0.23, 0.33] 0.08 (0.05) <.001
Paradigm of sentence presentation 53 83 .046 215 .038
Natural reading (RC) 43 63 0.10 [0.04, 0.16] .001
Reading with a Boundary 10 20 0.23 [0.12, 0.33] 0.13 (0.06) <.001
Task for single-word presentation 27 47 .048 267 .087
Lexical Decision (RC) 22 41 0.17 [0.05, 0.29] .006
Naming 5 6 0.45 [0.15,0.76] 0.28 (0.16) .004
Manipulation in Lexical Decision Task 14 23 .000 .000 769
Character frequency (RC) 9 15 0.18 [-0.08, 0.43] 170
Neighborhood size 5 8 0.11 [-0.24, 0.46] -0.06 (0.21) 507
Manipulation in Primed Lexical Decision Task 53 129 304 .000 <.001
Morpho-orthographic Priming (RC) 23 33 0.26 [0.17, 0.34] <.001
Morpho-phonological Priming 10 12 0.08 [-0.06, 0.22] -0.18 (0.08) 247
Morpho-semantic Priming 26 37 0.24 [0.16, 0.32] -0.02 (0.06) <.001
Morphological Priming 27 38 0.41 [0.33, 0.50] 0.16 (0.06) <.001
Morphemic relation Priming 5 5 0.37 [0.14, 0.59] 0.11 (0.12) .001
Transparency 4 4 0.11 [-0.13, 0.34] -0.15 (0.13) 379
Manipulation in Natural Reading Task 35 52 012 .038 212
Character frequency (RC) 22 33 0.02 [-0.04, 0.08] 551
Position Probability 11 13 0.08 [-0.01, 0.18] 0.06 (0.06) .065
Number of Strokes 2 6 0.18 [-0.02, 0.38] 0.16 (0.10) .078
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Manipulation in Reading with a Boundary 10 20 .000 .024 324
Morpho-orthographic Preview (RC) 4 4 0.37 [0.14, 0.60] .004
Morpho-phonological Preview 6 6 0.17 [-0.01, 0.36] -0.20 (0.13) .065
Morpho-semantic Preview 8 10 0.21 [0.06, 0.37] -0.16 (0.12) .009

Word Frequency 27 55 .000 .000 .613
Low (RC) 22 28 0.04 [-0.03, 0.12] 251
High 19 27 0.07 [-0.01, 0.15] 0.03 (0.05) .068

Writing System 139 268 012 266 112
Simplified (RC) 101 186 0.20 [0.16, 0.24] <.001
Traditional 38 82 0.26 [0.20, 0.32] 0.06 (0.04) <.001

Publication Type 139 268 .000 .000 722
Journal (RC) 111 223 0.22 [0.18, 0.26] <.001
Other 28 45 0.20 [0.12,0.29] -0.02 (0.05) <.001

Notes:

s = number of studies; k = number of effect size estimates; gm = Hedges’ g; 95% CI corresponds to the 95% confidence intervals of the gim values for individual levels of
moderators; R?2) and R*s) represent variance explained at Levels 2 and 3, respectively; p corresponds to the significance level of the effect size.



CONSTITUENT EFFECTS IN WORD PROCESSING 84

Table 6

Effect size estimates for processing levels and manipulations

Variable Manipulation (bolded) and Task s k  gm 95% CI p
Orthographic o ho-orthographic Priming/Preview 27 37 028  [0.20,037] <001
Processing
Primed Lexical Decision 23 33 0.26 [0.17, 0.35] <.001
Reading, Boundary Paradigm 4 4 037 [0.12, 0.62] .005
Position Probability 13 17 0.09 [-0.03, 0.21] 124
Lexical Decision 2 4 0.14 [-0.01, 0.28] .066
Natural Reading 11 13 0.08 [0.00, 0.16] .061
Number of Strokes 2 6 0.21 [-0.02, 0.44] .070
Phonological ;1o bhonological Priming/Preview 16 18 0.4  [0.03,025] 013
Processing
Primed Lexical Decision 10 12 0.11 [-0.05, 0.27] 152
Reading with a Boundary 6 6 0.16 [-0.04, 0.37] .103
Semantic Morpho-semantic Priming/Preview 34 47 022 [0.14,029]  <.001
Processing
Primed Lexical Decision 26 37 022 [0.15, 0.30] <.001
Reading with a Boundary 8 10 0.20 [0.08, 0.33] .003
Number of Meanings 4 8 0.11 [-0.08, 0.30] 262
Transparency 11 11 0.20 [0.05, 0.36] 011
I\O/It:;rpula tions  Character Frequency 35 53 0.10 [0.03,0.17]  .006
Lexical Decision 9 15 0.14 [-0.05, 0.32] 153
Naming 4 5 041 [0.11, 0.70] .008
Natural Reading 22 33 0.02 [-0.10, 0.14] 741
Neighborhood Size 8 12 0.25 [0.10, 0.40] .001
Morphology Priming 27 38 040 [0.31, 0.48] <.001
Morphemic Relation Priming 5 5 0.37 [0.13, 0.60] .003
Notes:

s = number of studies; k£ = number of effect size estimates; gm = Hedges’ g; 95% CI corresponds to the 95%
confidence intervals of the gmm values for individual levels of moderators; p corresponds to the significance level
of the effect size.
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Figure 1

Flowchart Illustrating the Study Screening and Selection Process

Records identified through Additional records identified
database searching: 1,335 through other sources: 38

Y h 4

Records after duplicates removed: 958

Y

A 4

Records screened: 958

Records excluded: 837

Y

Full-text articles assessed

h 4

for eligibility: 121

] | Etgibility ] [ Screening ] | Identification |

Articles included in meta-
analysis: 81

Included

Full-text articles excluded: 40
(some articles were excluded
for more than one reason: not
present Chinese compound
words = 8; not include the
change of constituent
property = 9; interference
from other tasks = 3; no
sufficient data for calculating
effect size = 12; not include
factorial experiments = 7;
child participant = 4)
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Figure 2

Baujat plot of studies examining the constituent effects
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Contribution to overall heterogeneity

Note. The plot shows the contribution of each effect size to the overall heterogeneity on the horizontal axis, and
its influence on the overall effect size on the vertical axis. The numbers indicate effect sizes included in the
meta-analysis. The three effect sizes that contributed the most to the overall heterogeneity (i.e., 33, 37, 39) were

from three different studies (Huang, C.-Y et al., 2011; Huang, H.-W & Lee, 2018; Huang, H.-W et al., 2006).
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Figure 3

Overall funnel plot for studies examining the constituent effects
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Note. The dots represent studies included in meta-analysis.
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Figure 4

Manipulation-Level Mean Effect Sizes

Pos.Prob 1 I .

Char.Freq e

Num.Mean A |
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Manipulation

Morph.Seman 1 |

PR S S

Neigh.Size 1 I . |

Morph.Ortho - I

Morph.Relation 4 I

Morphology 1

0.0 0.2 0.4 0.6
Effect Sizes (hedges' g)
Note. Pos.Prob = position probability, Char.Freq = character frequency, Num.Mean = number of meanings,
Morph.Phono = morpho-phonology, Trans = semantic transparency, Stroke = number of strokes, Morph.Seman
= morpho-semantics, Neigh.Size = neighborhood size, Morph.Ortho = morpho-orthography, Morph.Relation =

morphemic relation priming, Morphology = morphological priming; operational definition and examples of

different manipulations can be found in Table 1.
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Appendix A
Table Al
Description of Studies in Meta-Analysis of Constituent Effect
Authors E:]‘;z‘;i_ tﬁ]‘:lb;i{‘z:; Sample N Age r Cohens d :“\:Z:;f i:‘;ﬁzz; N{::lif)pnu- 2;2:;:? P;etis(f:t- Paradigm Task PI?;:Z::;;? Pu?lliyc:etiun Set Size DV vi vi
uency Method

Cao et al. la 2023 60 19.7 0.71 -0.05 2 1 Pos.Prob 1 1 1 LD 1 1 40 RT -0.05 0.01
Cao et al. 1b 2023 60 19.7 0.71 0.12 2 1 Pos.Prob 1 1 1 LD 1 1 40 RT 0.12 0.01
Cao et al. 2a 2023 60 19.7 0.71 051 1 1 Pos.Prob 1 1 1 LD 1 1 40 RT 0.51 0.01
Cao et al. 2b 2023 60 19.7 0.71 0.00 1 1 Pos.Prob 1 1 1 LD 1 1 40 RT 0.00 0.01
Cao et al. 3a 2023 60 19.7 0.71 0.04 2 1 Pos.Prob 1 2 3 Reading 1 1 48 GD -0.04 0.01
Cao et al. 3b 2023 60 19.7 0.71 -0.02 2 1 Pos.Prob 1 2 3 Reading 1 1 48 GD -0.02 0.01
Cao et al. 4a 2023 60 19.7 0.71 0.20 1 1 Pos.Prob 1 2 3 Reading 1 1 64 GD 0.20 0.01
Cao et al. 4b 2023 60 19.7 0.71 -0.06 1 1 Pos.Prob 1 2 3 Reading 1 1 64 GD -0.06 0.01
Chen, L., Xu et al. la 2023 26 19.7 0.71 0.77 NA 4 g’;“ph"l" 1 1 2 PrimedLD 2 1 58 RT 0.75 0.03
Chen, L., Xu et al. 1b 2023 26 19.7 0.71 -0.09 NA 3 Trans 1 1 2 PrimedLD 2 1 58 RT -0.08 0.02
Chen, L., Xu et al. 2a 2023 33 195 0.71 1.70 NA 4 g,“ph"l" 1 1 2 PrimedLD 2 1 58 RT 1.66 0.04
Chen, L., Xu et al. 2b 2023 33 195 0.71 0.07 NA 3 Trans 1 1 2 PrimedLD 2 1 58 RT -0.07 0.02
Chen, Q. et al. la 2017 30 NA 0.71 -0.19 NA NA Char.Freq 1 2 3 Reading 2 1 27 GD -0.19 0.02
Chen, Q. etal. 1b 2017 30 NA 0.71 0.81 NA NA rcs"“"Dive 1 2 3 Reading 2 1 27 GD 0.79 0.02
Chen, Q. et al. 2a 2017 48 NA 0.71 0.07 NA NA Char.Freq 1 2 3 Reading 2 1 16 GD -0.07 0.01
Chen, Q. etal. 2b 2017 48 NA 0.71 0.89 NA NA rCS""“DiW 1 2 3 Reading 2 1 16 GD 0.88 0.02
Cong 1 2019 42 NA 0.71 0.50 NA NA xf;”h'kel 1 1 2 PrimedLD 1 2 16 RT 0.49 0.01
Cong 2 2019 48 NA 0.71 0.46 NA NA m‘(’;"h“e] 1 1 2 PrimedLD 1 2 12 RT 0.45 0.01
Cui et al. la 2021 48 NA 0.71 0.08 2 NA Char.Freq 1 2 3 Reading 2 1 20 GD 0.08 0.01
Cui et al. 1b 2021 48 NA 0.71 0.05 2 NA Char.Freq 1 2 3 Reading 2 1 20 GD 0.05 0.01
Cui et al. 2a 2021 44 NA 0.71 -0.11 1 NA Char.Freq 1 2 3 Reading 2 1 15 GD -0.11 0.01
Cui et al. 2b 2021 44 NA 0.71 0.08 1 NA Char.Freq 1 2 3 Reading 2 1 15 GD 0.08 0.01
Cui et al. 1 2013 68 NA 0.71 0.37 1 NA Char.Freq 1 2 3 Reading 2 1 16 GD 0.37 0.01
Ding & Peng la 2006 120 NA 0.71 0.22 NA 1 Morph.Ort 1 1 2 PrimedN 1 1 14 RT 0.22 0.00

ho
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Ding & Peng 1b 2006 120 NA 0.71 0.71 NA 1 Ef]"“’h'on 1 PrimedN 14 RT 0.70
Du, Y. 1 2021 28 20.0 0.71 0.28 NA 3 Trans 2 Reading 40 GD 027
Du, Y. 2 2021 38 20.0 0.71 0.09 NA 3 Trans 2 Reading 20 GD 0.08
Gao, F. et al. 1 2021 18 NA 0.71 0.81 NA 4 ry"“’mm 1 PrimedLD 30 RT 0.77
Gao, Q 1 2018 61 22.0 0.71 0.07 NA 1 Pos.Prob 2 Reading 45 GD 0.07
Gao, Q 2 2018 61 22.0 0.71 0.19 NA 1 Pos.Prob 2 Reading 45 GD 0.19
Han et al. 1 2014 32 NA 0.71 0.18 NA 3 Trans 1 LD 46 RT 0.18
Han et al. 2 2014 32 NA 0.71 -0.03 NA 3 Trans 1 SD 46 RT -0.03
Huang, C. et al. 1 2011 18 226 0.71 0.14 NA 3 I:“m‘Mea 1 LD 30 RT 0.13
Huang, C. et al. 2 2011 28 224 0.71 0.10 NA 3 S““"Mea 1 SD 30 RT 0.10
Huang, H. & Lee la 2018 25 22.1 0.71 0.29 NA 3 I:“m‘Mea 1 LD 30 RT -0.28
Huang, H. & Lee 1b 2018 25 22.1 0.71 0.07 NA 3 S““"Mea 1 LD 30 RT 0.07
Huang, H. & Lee Ic 2018 25 22.1 0.71 0.29 NA 3 I:“m‘Mea 1 LD 30 RT 0.29
Huang, H. & Lee 1d 2018 25 22.1 0.71 0.67 NA 3 S““"Mea 1 LD 30 RT 0.64
Huang, H. et al. la 2006 40 226 0.71 0.58 2 NA Neigh.Size 1 LD 30 RT 0.57
Huang, H. et al. 1b 2006 40 226 0.71 0.49 1 NA Neigh.Size 1 LD 30 RT 0.48
Huang, H. et al. la 2011 21 21.9 0.71 0.18 2 3 y“‘“MCa 1 LD 30 RT 0.18
Huang, H. et al. 1b 2011 21 21.9 0.71 023 1 3 I:”m‘Mea 1 LD 30 RT 0.22
Hyond et al. la 2024 56 NA 0.78 0.05 1 NA Char.Freq 2 Reading 10 GD 0.05
Hyoni et al. 1b 2024 56 NA 0.78 -0.02 1 NA Char.Freq 2 Reading 10 GD -0.02
Hyoni et al. 2a 2024 50 NA 0.71 0.13 1 NA Char.Freq 2 Reading 10 GD 0.13
Hyond et al. 2b 2024 50 NA 0.71 0.08 1 NA Char.Freq 2 Reading 10 GD 0.08
Jia, Wang, S. etal. 1 2013 18 213 0.71 0.82 1 NA gfi‘(’)‘]'fh'm 1 PrimedLD 66 RT 0.78
Jia & Zhou, C. 1 2023 27 27 0.71 0.10 NA NA Morph.Rel 1 PrimedLD 36 RT 0.10
Lee etal. la 2021 24 225 0.71 0.56 NA NA Neigh.Size 1 LD 9% RT 0.54
Lee et al. 1b 2021 24 25 0.71 0.53 NA NA Neigh.Size 1 LD 96 RT -0.51
Lee et al. lc 2021 24 22.5 0.71 0.80 NA 3 Trans 1 LD 96 RT 0.77
Li, Mengfei et al. 1 2017 40 203 0.71 0.61 NA NA Char.Freq 1 Naming 56 RT 0.60
Li, Mengfei et al. 2 2017 40 21.1 0.71 -0.60 NA NA Char.Freq 1 LD 56 RT -0.59
Li, Mengfei et al. 3 2017 40 21.2 0.71 0.53 NA NA Char.Freq 1 Naming 26 RT 0.52
Li, Mengfei et al. 4 2017 40 20.4 0.71 053 NA NA Char.Freq 1 LD 26 RT 0.52
Li, Mengfei et al. 5 2017 40 205 0.71 0.56 NA NA Char.Freq 1 Naming 26 RT 0.55
Li, Mengfei et al. 6 2017 40 217 0.71 0.86 NA NA Char.Freq 1 LD 26 RT 0.84
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Li, Mengfei et al. 1 2015 40 20.7 0.71 030 NA NA Neigh.Size 1 LD 50 RT 0.30
Li, Mengfei et al. 2 2015 40 21.0 0.71 0.92 NA NA Neigh.Size 1 Naming 50 RT 0.90
Li, Ming 1 2018 48 NA 0.71 0.17 1 NA Char.Freq 2 Reading 15 GD 0.16
Lian 1 2019 76 19.0 0.71 0.03 NA 1 Pos.Prob 2 Reading 2 GD 0.03
Lian 2 2019 76 19.0 0.71 0.13 NA 1 Pos.Prob 2 Reading 22 GD 0.13
Lian 3 2019 60 18.4 0.71 0.06 NA 1 Pos.Prob 2 Reading 11 GD 0.06
Lian 4 2019 60 18.4 0.71 0.15 NA 1 Pos.Prob 2 Reading 1 GD 0.14
Liang et al. 1 2022 48 222 0.72 -0.02 NA 1 Pos.Prob 2 Reading 22 GD -0.02
Liang et al. 2 2022 48 222 0.80 0.19 NA 1 Pos.Prob 2 Reading 17 GD 0.19
Lin et al. la 2002 40 NA 0.71 0.10 NA 2 x‘;rph‘l)h 1 PrimedLD 10 RT 0.10
Lin et al. 1b 2002 40 NA 0.71 0.11 NA 2 x‘;rph‘l)h 1 PrimedLD 10 RT 0.10
Lin et al. 2a 2002 36 NA 0.71 0.26 NA 2 2’[“‘:"}"% 1 PrimedN 10 RT 0.25
Lin et al. 2b 2002 36 NA 0.71 0.00 NA 2 x‘;rph‘l)h 1 PrimedN 10 RT 0.00
EE‘;HZ' & McBride- 1 2010 21 NA 0.71 0.06 NA NA xi‘;’[f’hkel 1 PrimedLD 29 RT 0.06
Liu. X. 1 2017 28 223 0.71 0.46 NA 3 Trans 2 Reading 30 GD 0.44
Liu, Z., Liu, X. et al. 1 2020 286 NA 0.71 0.01 NA NA Char.Freq 2 Reading 24 GD 0.01
Liu, Z., Liu, X. et al. 2 2020 282 NA 0.71 0.11 NA NA Char.Freq 2 Reading 24 GD 0.11
Liu, Z., Tong, W. et al. 2 2020 318 NA 0.71 0.02 NA NA Char.Freq 2 Reading 20 GD 0.02
Liu, Z., Tong, W. et al. 3 2020 314 NA 0.71 0.08 NA NA Char.Freq 2 Reading 20 GD 0.08
Ma, G. etal. 1 2015 24 NA 0.68 027 NA NA Char.Freq 2 Reading 24 GD 0.26
Ma, G. et al. 2 2015 30 NA 0.61 -0.18 NA NA Char.Freq 2 Reading 24 GD -0.18
Pan ct al. la 2016 57 NA 0.71 0.04 NA 2 gfgrph“)h 2 Boundary 15 GD 0.04
Pan et al. 1b 2016 57 NA 0.71 0.25 NA 3 x:ﬂ"f’h& 2 Boundary 15 GD 0.25
Pan ct al. 2 2016 57 NA 0.71 0.44 NA 2 gfgrph“)h 2 Boundary 15 GD 0.43
Pan et al. 2b 2016 57 NA 0.71 041 NA 3 x:ﬂ"f’h& 2 Boundary 15 GD 041
Pan ct al. 2 2021 51 NA 0.71 0.28 NA 2 Morph.Ph 2 Boundary 2 GD 0.28
Peng, Ding et al. 1 1999 32 NA 0.71 0.37 NA 4 I’;’;"'ph"l" 1 PrimedLD 16 RT 0.36
Peng, Ding ct al. 2 1999 36 NA 0.71 0.08 NA 4 Igv;“ph"l" 1 PrimedLD 16 RT 0.08
Peng, Ding et al. 3 1999 36 NA 0.71 0.23 NA 4 I’;’;"'ph"l" 1 PrimedLD 16 RT 0.23
Peng, Ding et al. 4 1999 120 NA 0.71 0.09 NA 4 Ig\’;,mph"l" 1 PrimedLD 12 RT 0.09
Peng, Liu Yanping et al. la 1994 24 NA 0.71 0.66 NA 4 I’;’;"'ph"l" 1 PrimedLD 16 RT 0.64
Peng, Liu Yanping et al. 1b 1994 24 NA 0.71 0.06 NA NA Ig’imp“y 1 PrimedLD 16 RT 0.05
Peng, Liu Ying et al. la 1999 21 NA 0.71 0.34 2 NA Char.Freq 1 LD 20 RT 033
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Peng, Liu Ying et al. 1b 1999 21 NA 0.71 0.03 1 NA Char.Freq 1 LD 20 RT 0.03
Peng, Liu Ying et al. 2a 1999 17 NA 0.71 0.83 NA NA Char.Freq 1 LD 20 RT 0.79
Peng, Liu Ying et al. 2b 1999 17 NA 0.71 0.47 NA NA Char Freq 1 LD 20 RT 0.45
Peng, Liu Ying et al. 3a 1999 30 NA 0.71 0.39 NA 1 Ef)"“’h'on 1 PrimedLD 20 RT 0.38
Peng, Liu Ying et al. 3b 1999 30 NA 0.71 0.03 NA 1 Ih\i"“’h'on 1 PrimedLD 20 RT 0.03
Shen et al. 1 2018 36 225 0.70 0.25 NA 3 r;’;ph‘se 2 Boundary 24 GD 0.25
Shen et al. 2a 2018 36 237 0.85 0.25 NA 3 Ir\:;’;"h'se 2 Boundary 20 GD 0.24
Shen et al. 2b 2018 36 237 0.78 0.13 NA 3 r;’nrph‘se 2 Boundary 20 GD -0.12
Tan & Peng 1 1991 15 NA 0.71 0.93 NA 2 2’[“‘:"}"% 1 PrimedLD 30 RT 0.88
Tan & Peng 2 1991 15 NA 0.71 0.96 NA 2 x‘;rphph 1 PrimedLD 30 RT 0.91
Tan & Peng 3 1991 15 NA 0.71 1.03 NA 1 m"’p}"on 1 PrimedLD 30 RT 0.97
Tan & Perfetti 2a 1999 18 NA 0.71 0.39 NA 2 IJ“m‘Pm“ 1 LD 11 RT 037
Tan & Perfetti 2b 1999 18 NA 0.71 051 NA 2 ?”""P“’“ 1 LD 11 RT 0.48
Tian la 2009 30 22.0 0.71 0.71 NA NA Char.Freq 1 LD 24 RT 0.69
Tian le 2009 30 22.0 0.71 0.44 NA NA Char.Freq 1 LD 24 RT 0.43
Tian 2a 2009 30 220 0.71 0.68 NA NA Char.Freq 2 Reading 24 GD 0.66
Tian 2c 2009 30 22.0 0.71 0.09 NA NA Char.Freq 2 Reading 24 GD 0.09
Tsai, Kliegl et al. la 2012 50 2.8 0.71 0.12 NA 1 hM0°rph‘O“ 2 Boundary 10 GD 0.12
Tsai, Kliegl et al. 1b 2012 50 228 0.71 -0.05 NA 2 2:'1‘(’)"9}"')]‘ 2 Boundary 10 GD -0.05
Tsai, Klicgl ct al. le 2012 50 228 0.71 027 NA 3 l\m’[:;ph‘se 2 Boundary 10 GD 0.26
Tsai, Lee et al. la 2006 20 NA 0.71 0.36 NA NA Neigh.Size 1 LD 30 RT 0.35
Tsai, Lee et al. 2a 2006 40 NA 0.71 0.73 NA NA Neigh.Size 2 Reading 30 GD 0.71
Tsang la 2021 32 NA 0.71 0.64 NA 3 r;:ph‘se 1 PrimedLD 6 RT 0.62
Tsang 1b 2021 32 NA 0.71 -0.06 NA 1 m"“’h'or‘ 1 PrimedLD 6 RT 0.06
Tsang le 2021 32 NA 0.71 0.13 NA 2 xzrph‘l)h 1 PrimedLD 6 RT -0.13
Tsang 1d 2021 32 NA 0.71 0.62 NA 4 g"y"'ph"l" 1 PrimedLD 6 RT 0.61
Tsang 2a 2021 40 NA 0.71 0.42 NA 3 z[:;ph'se 1 PrimedLD 5 RT 041
Tsang 2b 2021 40 NA 0.71 0.03 NA 2 2:'1‘;'1’}""}‘ 1 PrimedLD 5 RT 0.03
Tsang 2 2021 40 NA 0.71 0.43 NA 4 g’;“ph"l" 1 PrimedLD 5 RT 0.42
Tsang 2d 2021 40 NA 0.71 0.54 NA 4 g"y"'ph"l" 1 PrimedLD 5 RT 0.53
Tsang 3a 2021 54 NA 0.71 0.50 NA 3 Morph Se i PrimedLD 5 RT 0.49
Tsang 3b 2021 54 NA 0.71 0.45 NA 3 Morph.Se 1 PrimedLD 5 RT 0.44
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Tsang & Chen, H. la 2014 48 NA 0.71 0.62 NA 1 Ef]"“’h'on 1 PrimedLD 6 RT 0.61
Tsang & Chen, H. 1b 2014 48 NA 0.71 0.14 NA 1 m“ph‘ort 1 PrimedLD 6 RT -0.14
Tsang & Chen, H. 1c 2014 48 NA 0.71 0.35 NA 3 Trans 1 PrimedLD 12 RT 0.35
Tsang & Chen, H. 2 2014 30 NA 0.71 035 NA 3 Ir\:;’;"h'se 1 PrimedLD 8 RT 034
Tsang & Chen, H. 3a 2014 28 NA 071 0.70 NA 1 hMU°rph‘O“ 1 PrimedLD 6 RT 0.68
Tsang & Chen, H. 3b 2014 28 NA 0.71 0.04 NA 1 Ih\i"“’h'on 1 PrimedLD 6 RT 0.04
Tsang & Chen, H. 3¢ 2014 28 NA 0.71 0.38 NA 3 Trans 1 PrimedLD 12 RT 0.37
Tsang & Chen, H. la 2013 38 NA 0.71 0.23 NA 3 Xgphse 1 PrimedLD 10 RT 0.22
Tsang & Chen, H. b 2013 38 NA 0.71 0.14 NA 3 ?n’[:;ph‘se 1 PrimedLD 10 RT -0.14
Tsang & Chen, H. 2a 2013 40 NA 0.71 0.47 NA 3 Z‘:};"h'se 1 PrimedLD 10 RT 0.46
Tsang & Chen, H. 2b 2013 40 NA 0.71 0.67 NA 3 ?n’[:;ph‘se 1 PrimedLD 10 RT 0.65
Tsang et al. la 2014 24 NA 0.71 0.04 NA 3 Z‘:};"h'se 1 PrimedLD 12 RT 0.04
Tsang et al. 1b 2014 24 NA 0.71 0.47 NA 4 g;"rph"l" 1 PrimedLD 12 RT 045
Tsang et al. Ie 2014 24 NA 0.71 0.42 NA 1 a’(‘)‘”p}"on 1 PrimedLD 12 RT 0.41
Tsang et al. 2a 2014 24 NA 0.71 033 NA 3 ?n’[:;ph‘se 1 PrimedLD 12 RT 032
Tsang et al. 2b 2014 24 NA 0.71 0.43 NA 4 g’)‘/"rp}“’l" 1 PrimedLD 12 RT 0.42
Tsang et al. 2 2014 24 NA 0.71 0.08 NA 1 a?rph‘on 1 PrimedLD 12 RT 0.08
Tsang et al. 3a 2014 24 NA 0.71 0.30 NA 3 x:ﬂ"f’h& 1 PrimedLD 12 RT 0.29
Tsang et al. 3b 2014 24 NA 0.71 0.30 NA 4 g’;“ph"l" 1 PrimedLD 12 RT 0.29
Tsang et al. 3c 2014 24 NA 0.71 0.04 NA 1 m"“’h'or‘ 1 PrimedLD 12 RT 0.03
Wang, C. & Peng la 2000 96 NA 0.71 035 NA 4 g’;“ph"l" 1 PrimedLD 8 RT 035
Wang, C. & Peng 1b 2000 96 NA 0.71 0.27 NA 4 g’;"“’h"l" 1 PrimedLD 8 RT 0.27
Wang, C. & Peng le 2000 9% NA 0.71 0.31 NA 4 g’;“ph"l" 1 PrimedLD 8 RT 031
Wang, C. & Peng 1d 2000 9% NA 0.71 0.06 NA 3 x:ﬂ"f’h& 1 PrimedLD 8 RT 0.05
Wang, J. etal. 1 2023 40 233 0.38 -0.03 NA 3 Plau 2 Reading 12 GD -0.03
Wang, Yongsheng. et al. 1 2022 36 20.7 0.71 0.11 NA NA Char.Freq 2 Reading 20 GD 0.11
g:‘“g' Yongsheng. & la 2022 36 20.5 0.71 0.01 2 NA Char.Freq 2 Reading 10 GD 0.01
[vang, Yongsheng. & 1b 2022 36 20.5 0.71 20.04 1 NA Char Freq 2 Reading 10 GD 20,04
:}’_a“g' Yuling, Jiang et la 2021 24 219 0.71 0.02 2 2 2"'1‘:1’}"”‘ 1 PrimedSD 60 RT 0.02
xa“g’ Yuling, Jiang et 1b 2021 24 21.9 0.71 0.47 1 2 gﬁmh']’h 1 PrimedSD 60 RT 045
:}’_a“g' Yuling, Li, Z. et la 2024 30 23.1 0.71 0.24 2 4 ;"'ph"“’ 1 PrimedLD 55 RT 0.23
Wang, Yuling, Li, Z. et 1b 2024 30 231 0.71 0.01 2 3 Morph.Se 1 PrimedLD 55 RT 0.01
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Wu, Y., Tsang et al. if 2017 24 20.0 0.71 0.19 NA 1 Ef]"“’h'on 1 PrimedLD 36 RT 0.18
Wu, Y., Tsang et al. Ig 2017 24 20.0 0.71 0.22 NA 4 gmphd" 1 PrimedLD 36 RT 0.21
Wu, Y., Tsang et al. 1h 2017 24 20.0 0.71 0.35 NA 4 ry"“’mm 1 PrimedLD 36 RT 0.34
Xiong et al. la 2023 82 NA 0.92 0.03 2 NA Char.Freq 1 LD 15 RT 0.03
Xiong et al. 1b 2023 82 NA 0.70 0.18 1 NA Char.Freq 1 LD 15 RT 0.18
Xiong et al. 2a 2023 82 NA 0.83 0.14 2 NA Char.Freq 1 Naming 15 RT 0.14
Xiong et al. 2b 2023 82 NA 0.92 0.10 1 NA Char.Freq 1 Naming 15 RT 0.09
Xiong et al. 3a 2023 82 NA 0.52 0.04 2 NA Char.Freq 2 Reading 15 GD 0.04
Xiong et al. 3b 2023 82 NA 0.56 -0.20 1 NA Char.Freq 2 Reading 15 GD -0.20
Xiong et al. la 2021 119 NA 0.71 0.04 2 NA Neigh.Size 1 LD 20 RT 0.04
Xiong et al. 1b 2021 119 NA 0.71 0.11 1 NA Neigh.Size 1 LD 20 RT 0.10
Yan, G. et al. la 2006 29 NA 0.71 0.68 NA NA Char.Freq 2 Reading 24 GD 0.67
Yan, G. et al. 1b 2006 29 NA 0.71 0.26 NA NA Char.Freq 2 Reading 24 GD 0.26
Yan, G. et al. 1 2013 31 NA 0.71 0.07 NA 2 gfc’t‘g‘e’f’h' 2 Reading 18 GD 0.07
Yan, M., Richter et al. la 2009 51 NA 0.71 0.22 NA 1 hMO"rph‘O“ 2 Boundary 10 GD 0.22
Yan, M., Richter et al. 1b 2009 51 NA 0.71 0.20 NA 2 2’]'1‘(’;"}"')1‘ 2 Boundary 10 GD 0.20
Yan, M., Richter et al. le 2009 51 NA 0.71 027 NA 3 ?n‘;fph‘se 2 Boundary 10 GD 0.26
Yan, M., Zhou, W. et al. la 2012 50 NA 0.71 051 NA 3 x:ﬂ"f’h& 2 Boundary 18 GD 0.50
Yan, M., Zhou, W. ct al. 1b 2012 50 NA 0.71 0.28 NA 3 ?n‘;fph‘se 2 Boundary 18 GD 0.28
Yang, H. et al. 1 2022 32 NA 0.71 0.75 NA 1 m"“’h'or‘ 1 PrimedLD 28 RT 0.73
Yang, H. et al. 2 2022 66 NA 0.80 0.67 NA 1 Morph.Ort 1 PrimedLD 20 RT 0.66
Yang, H. et al. 2b 2022 66 NA 0.80 027 NA 1 m"“’h'or‘ 1 PrimedLD 20 RT 0.26
m"cgofflfiiz“'m“g‘ & la 1999 13 NA 0.71 0.46 NA 1 Stroke 2 Reading 20 GD 0.43
m‘aﬁfgg“‘w“g' & 1b 1999 13 NA 0.71 0.62 NA 1 Stroke 2 Reading 20 GD 0.58
Kdac"cgoﬂlfiizn'm“g‘ & le 1999 13 NA 0.71 0.07 NA 1 Stroke 2 Reading 20 GD 0.07
K,Iac"cgo;'lfii:“‘w“g' & 1d 1999 13 NA 0.71 0.24 NA 1 Stroke 2 Reading 20 GD 0.23
Yang, J. etal. 1 2012 40 NA 0.71 -0.06 NA 3 Plau 2 Reading 10 GD -0.06
Yao, Slattery et al. la 2022 42 NA 0.52 0.10 NA NA Neigh.Size 2 Reading 40 GD 0.10
Yao, Slattery et al. 1b 2022 42 NA 0.56 0.43 NA NA Neigh.Size 2 Reading 40 GD 0.42
Yen et al. 2a 2008 30 NA 0.71 0.25 NA 3 x;’lph'se 2 Boundary 26 GD 0.24
Yen et al. 2 2008 30 NA 0.71 0.50 NA 1 Morph.Ort 2 Boundary 2 GD 0.49
Yen et al. 1 2012 27 NA 0.71 0.15 NA 1 Pos.Prob 2 Reading 24 GD 0.14
Yu, Lili et al. la 2021 60 20.4 0.75 -0.27 2 NA Char.Freq 2 Reading 25 GD -0.27
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Yu, Lili et al. Ib 2021 60 204 0.77 0.17 1 NA Char.Freq 2 Reading 25 GD 0.17
Yu, Linxin la 2006 66 NA 0.71 -0.05 2 3 x;;ph,Se PrimedLD 12 RT -0.05
Yu, Linxin 1b 2006 66 NA 0.71 037 1 3 r;’;ph‘se PrimedLD 12 RT 037
Zhang, B. & Peng la 1992 40 NA 0.71 032 NA NA Char.Freq LD 10 RT 031
Zhang, B. & Peng Ib 1992 40 NA 0.71 0.52 NA NA Char.Freq LD 10 RT 0.51
Zhang, B. & Peng 2a 1992 40 NA 0.71 023 NA NA Char.Freq LD 10 RT 0.22
Zhang, B. & Peng 2b 1992 40 NA 0.71 0.90 NA NA Char.Freq LD 10 RT 0.88
Zhang, L. la 2011 37 NA 0.71 0.05 NA 3 F::;"h'se PrimedLD 36 RT 0.05
Zhang, L. 1b 2011 37 NA 0.71 0.11 NA 3 X:nrph‘se PrimedLD 36 RT 0.11
Zhang, L. 2a 2011 37 NA 0.71 0.00 NA 3 x:;ph.Se PrimedLD 36 RT 0.00
Zhang, L. 2b 2011 37 NA 0.71 20.02 NA 3 X:nrph‘se PrimedLD 36 RT 0.02
Zhang, L. 3a 2011 37 NA 0.71 0.08 NA 3 x:;ph.Se PrimedLD 36 RT 0.08
Zhang, L. 3b 2011 37 NA 0.71 0.07 NA 3 X:nrph‘se PrimedLD 36 RT 0.07
Zhang, M. 3a 2012 48 21.5 0.71 0.15 2 1 Stroke 2 Reading 10 GD 0.14
Zhang, M. 3b 2012 48 215 0.71 0.05 1 1 Stroke 2 Reading 10 GD 0.05
Zhao, B. et al. la 2018 52 20.2 0.71 -0.03 2 NA Char.Freq Reading 15 GD -0.03
Zhao, B. et al. 1b 2018 52 202 0.71 0.13 1 NA Char.Freq 2 Reading 15 GD 0.12
Zhao, B. et al. 2a 2018 52 20.2 0.71 0.02 2 NA Char.Freq 2 Reading 15 GD 0.02
Zhao, B. et al. 2b 2018 52 20.2 0.71 0.11 1 NA Char.Freq 2 Reading 15 GD 0.11
Zhao, S. et al. la 2021 31 NA 0.71 0.23 NA 3 r;:ph‘se PrimedLD 30 RT 0.22
Zhao, S. et al. 1b 2021 31 NA 0.71 0.16 NA 4 g"y""f’h"l" PrimedLD 30 RT 0.15
Zhao, S. et al. Ie 2021 31 NA 0.71 0.08 NA 1 Morph.Ort PrimedLD 30 RT 0.07
Zhao, S. et al. 1d 2021 31 NA 0.71 031 NA 4 g"y""f’h"l" PrimedLD 30 RT 030
Zhao, S. et al. la 2017 18 228 0.71 0.30 NA 3 Morph.Se PrimedLD 40 RT 0.29
Zhao, S. et al. 1b 2017 18 228 0.71 032 NA 3 x:rl]‘ph.Sc PrimedLD 40 RT 030
Zhao, 8. 2a 2022 31 213 0.71 0.28 NA 3 r:;ph—se PrimedLD 20 RT 0.28
Zhao, S. 2b 2022 31 213 0.71 030 NA 3 x;r]ph.Se PrimedLD 20 RT 029
Zhao, S. 2 2022 31 213 0.71 0.08 NA 4 g’;“ph"l" PrimedLD 20 RT 0.08
Zhao, S. 2d 2022 31 213 0.71 0.23 NA 4 g"y"'ph"l" PrimedLD 20 RT 0.22
Zhao, 8. 3a 2022 30 207 0.71 0.24 NA 3 r:;ph—se PrimedLD 40 RT 0.24
Zhao, S. 3b 2022 30 207 0.71 0.23 NA 4 g"y"'ph"l" PrimedLD 40 RT 0.23
Zhou, W. et al. la 2018 36 228 0.71 0.73 NA 1 Morph.Ort Boundary 2 GD 0.71
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Note: A more detailed data file is available on the Open Science Framework. The meaning of each variable and how they were coded is available in Table S1 in
Supplementary Materials 1. The number represents multiple levels for each variable, and the specific definition was also presented in Table S1.
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Appendix B

Additional Moderator Analyses
Whole-Word Frequency

Although whole-word frequency has been reported to interact with properties of their
constituents, we did not find evidence for such moderation (p =.613). The heterogeneity
remained significant after accounting for whole-word frequency, Qr(53) = 170.30, p <.001.
Specifically, the constituent effect sizes were not significantly different from zero in
experiments where the word frequency was either low (gm = 0.04, 95% CI [—0.03, 0.12], p
=.234) or high (gim = 0.07, 95% CI [-0.01, 0.15], p = .068). Moreover, in eight studies from
five different articles, word frequency and character frequency were manipulated
simultaneously. We still did not find evidence for the moderation of whole-word frequency in
the analysis targeting at character frequency effect (p = .613). The effect was not significant
when the compound words were neither low (gm = —0.03, 95% CI [—0.14, 0.08], p = .615)
nor high frequency (g = 0.03, 95% CI [-0.08, 0.14], p = .603). In contrast, the effect of
whole-word frequency was significant, and the estimation for the whole-word frequency
effects extracted from these studies showed a small-to-medium effect (gm = 0.30, 95% CI
[0.19, 0.41], p < .001)'S.
Stimulus Onset Asynchrony (SOA)

Several priming experiments have also varied the SOA to determine if constituent

effects occur during the early or later stages of compound-word processing. We therefore

16 16 effect sizes were extracted from the five articles (Peng et al., 1999; Wang & He, 2022;
Xiong et al., 2022; Yu et al., 2021; Zhao et al., 2018); in their studies, the independent
variables were character frequency and whole-word frequency, and they all used a within-
subject design. We fit a three-level random-effects model to estimate the overall whole-word
frequency effect and set the correlation coefficient to be 0.71, which was the same as the
main analysis for constituent effect. The list of studies was in Supplementary Materials 2.
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analyzed the potential moderating effect of SOA to better understand the time course of
constituent processing and its relation to orthographic, phonological, and semantic
processing. The SOA (range: 40 to 600 ms) was first examined as a continuous variable
based on 114 effect sizes from 48 priming experiments; this analysis showed no significant
effect of SOA (p =.924). It was still not significant for morpho-orthographic priming (b =
—0.05, t=-1.07, p = .296), morpho-phonological priming (b = 0.09, t = 0.72, p = .484), or

morpho-semantic priming (b =—0.03, t =—1.05, p =.302).
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Table S1

Code Book

Supplementary Materials 1

effectsize.id
articleName
authors

exp

sample.id

subject.id
article.id
PubYear

sample.n

sample.desc
age

r
Cohens

Position

WordFrequency
WFsource

ProcessingLevel

Manipulation

WritingSystem
PresentationMethod
IsolateParadigm
SentenceParadigm

Task

Unique effect size number
Title of article

Author(s) of article

Serial number of the experiment in the article. When multiple effect
sizes were extracted from an experiment, they were distinguished by
letters.

Unique sample number. Note: studies sharing participants but using
different tasks or different manipulations were treated as different;
studies reported multiple dependent effect sizes are considered part of
the same sample. This cluster structure is used in later meta-
regressions with RVE and in aggregation methods.

Unique subject number

Unique article number

Year of publication

Sample size (when a study reports the exclusion of subjects, only
record the number of subjects in the data analysis)

Descriptive information of the sample

Average age of participants; NA if not reported

Correlation between the two conditions (estimated at 0.7091 if the
value was unavailable from the article or raw data)

Effect sizes calculated directly from the M's and SD's, t-values, F-
values, or p-values

Which constituent was manipulated (1=first; 2=second; NA=no
explicit manipulation of one constituent)

Compound word frequency (1 = low; 2 = high; NA = unreported)
Sources of word frequency measures

Level of processing to which the variable mainly relates (1 =
orthographic processing level; 2 = phonological processing level; 3 =
semantic processing level; NA = controversial)

Variable of constituent manipulated in the study (Char.Freq=character
frequency; Cont.Divers = contextual diversity; Homoph.Dense =
homophone density; Morph.Ortho = morpho-orthographic priming;
Morph.Phono = morpho-phonological priming; Morph.Relation =
morphemic relation priming; Morph.Seman = morpho-semantic
priming; Morph.Type = morpheme type; Morphology = morphology
priming; Neigh.Size = neighborhood size; Num.Mean = number of
meanings; Num.Pron = number of pronunciation; Plau = plausibility
of first constituent; Stroke = number of strokes; Trans = semantic
transparency)

Writing system of stimulus (1 = simplified Chinese; 2 = traditional
Chinese)

Whether the words were embedded in sentences (1 = in isolation; 2 =
in sentence)

Paradigms of the target words in isolated presentation (1 = isolated-
word; 2 = prime)

Paradigms of the target words in sentence presentation (1 = natural
sentence reading; 2 = reading using a preview paradigm)
Experimental task (LD = lexical decision; Naming; SD = semantic
decision; PrimedLD = primed lexical decision; PrimedN = Primed
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PubLang
PubType

PrimeD

SOA

SetSize
DV

yi
vi

naming; PrimedSD = primed semantic decision; Reading = natural
reading; Boundary = reading with a boundary paradigm)

Publication language (1 = Chinese; 2 = English)

Publication type (1 = journal articles, 2 = other sources)

Prime duration, indicating how long the prime stimulus were
presented to the participants (in milliseconds). Coded as a continuous
variable.

Stimulus onset asynchrony in priming studies, indicating the interval
between the onset of the prime and the onset of the target. Coded as a
continuous variable.

The number of items per condition in the experiment. Coded as a
continuous variable.

Measurement (RT = response time; GD = gaze duration)

Hedge's g

Sampling variance
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Supplementary Materials 2
Table S2
Description of Studies in Meta-Analysis of Whole-word Frequency Effects
Authors Expt PubYliec;:ion Sample N r Cohens d Task bv yi vi

Peng, Liu Ying et al. la 1999 21 0.71 050 LD RT 0.48 0.03
Peng, Liu Ying et al. 1b 1999 21 0.71 0.73 LD RT 071 0.03
Wang & He la 2022 36 0.71 0.25 Reading Gaze duration 025 0.02
Wang & He 1b 2022 36 0.71 021 Reading ~ Gaze duration 021 0.02
Xiong et al. la 2022 82 0.71 0.55 LD RT 0.55 0.0l
Xiong et al. b 2022 82 0.71 0.40 D RT 039 001
Xiong et al. 2a 2022 82 0.71 0.18 Naming RT 0.18  0.01
Xiong et al. 2b 2022 82 0.71 0.15 Naming RT 015 0.1
Xiong et al. 3a 2022 82 0.71 034 Reading Gaze duration 034 0.01
Xiong et al. 3b 2022 82 0.71 0.11 Reading  Gazeduration  O-11  0.01
Yuetal. la 2021 60 0.71 0.33 Reading  Gazeduration 033 0.01
Yu et al. 1b 2021 60 0.71 0.54 Reading  Gaze duration 0.53 0.0l
Zhao et al. la 2018 52 0.71 0.15 Reading  Gaze duration 0.15 0.1
Zhao et al. b 2018 52 0.71 030 Reading ~ Gaze duration 029  0.01
Zhao et al. 2a 2018 52 0.71 0.10 Reading Gaze duration 0.10  0.01
Zhao et al. 2b 2018 52 0.71 025 Reading Gaze duration 025 0.01
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Supplementary Materials 3
Meta-analysis for ERP studies
Methods

Selection of Studies. The search strategy (from identification to screening) was the
same as that for the behavioral studies reported in the main text. We excluded 948 articles
after screening their titles and abstracts, and added 15 articles from other sources, leaving 25
texts to be assessed for eligibility. The lead author then downloaded and read the remaining
25 texts. Based on our exclusion criteria, for components at ~200 ms, 12 articles were
included in the meta-analysis of ERP studies, allowing 32 effect sizes to be extracted; for
components at ~400 ms, 15 articles were included in the meta-analysis of ERP studies,
allowing 41 effect sizes to be extracted. (See Figure S1 for a flowchart of literature research,
and Tables S3 and S4 for the lists of all included studies in the two meta-analyses.)

Inclusion and Exclusion Criteria. Full-text articles were assessed for eligibility based
on the criteria similar to that applied to the meta-analysis for behavioral measures, except that
the measures requiring components having peak amplitudes at ~200 ms or 400 ms.

Data Coding Procedures. For each eligible study, the lead author extracted all
information required to calculate effect sizes (i.e., sample sizes, means and standard
deviation, #- or F-values), the variables to be assessed as potential moderators (i.e.,
manipulation, writing system, publication type; see Table S7), and other descriptive
information. The Cohen’s d was first calculated and then corrected to get Hedges’s gim. The
direction of effect size was deemed positive if the amplitude of the experimental condition
was smaller than that of control condition, which is consistent with the interpretation of

constituent effects estimated for behavioral measures.
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Results for Component at ~200 ms

We extracted 32 effect sizes from 12 articles reporting 12 studies (total N = 288
participants). The publication years of the articles identified ranged from 2012 to 2024 (M =
2018, Median = 2017). All studies used within-subject designs and university students as
participants with sample sizes ranging from 16 to 32. All samples were native Chinese
speakers. All but two'” of the articles were written in English; all but one'® of the articles
were peer-reviewed and published in journals. Among all effect sizes, 27 were from studies
with simplified Chinese, and 5 with traditional Chinese. The presentation methods,
experimental tasks and manipulations, and detailed descriptive statistics of the numbers of
effect sizes, studies, and moderators for each specific task are summarized in Table S5. There
were 26 effects assessed in priming studies (25 in lexical decision and one in semantic
decision), including manipulations of morphology, morpho-orthography, morpho-phonology,
and morpho-semantics, as well as morphemic-relatedness priming. Three effects from the
same study were assessed using rapid serial visual presentation (RSVP), with one study
manipulating the consistency of morpho-orthography, morpho-semantics, or morphology
between the prime and target words. The other three effects were from the same study
involving lexical decision of isolated words in which character frequency was manipulated.
Results for Component at ~400 ms

We extracted a total of 41 effect sizes from 15 articles reporting 15 studies (total N =
371 participants). Among them, the 12 studies reporting a component at ~200 ms also
reported effects observed on components at ~400 ms, providing 32 effect sizes. There were

another three studies in three articles only reporting the effects of components around 400

17 Two articles were written in Chinese (J. Wu et al., 2020; S. Zhao et al., 2017).
18 One article (Jia & C. Zhou, 2023) was preprinted in Research Square.
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ms!®. The publication years of the articles identified ranged from 2011 to 2024 (M = 2018,
Median = 2017). All studies used within-subject designs and university students as
participants with sample sizes ranging from 16 to 37. The descriptive statistics of 33 of these
effect sizes is as described, involving components at ~200 ms. An additional 9 effects were
assessed in three different studies using lexical decisions of isolated words, manipulating the
number of meanings, morpheme type, and semantic transparency. The presentation methods,
experimental tasks and manipulations, and detailed descriptive statistics of the numbers of

effect sizes, studies, and moderators for each specific task are summarized in Table S6.

1 Four effects from H. Huang and Lee (2018) and two from H. Huang et al. (2011)
manipulated the number of meanings. Two effects of morpheme type and one of semantic
transparency were extracted from Wei et al. (2023). These three studies did not report the
results of components around 200 ms.
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Table S3

Description of ERP Studies in Meta-Analysis of Constituent Effects for Component at ~200 ms

Authors Expt tl:;‘:)l‘i;: Sample N Age r Cohens d N{::li?n“- Pr;ze\/s::ng ‘gy‘:::;lg Task ];uhlication Pul:l!;c::ion Set Size DV W];:ll:ilzw yi vi
Chen, L., Fang et al. la 2017 32 18-35 0.71 0.02 Morphology 4 1 Reading 2 1 30 N200 100-250 0.02 0.02
Chen, L., Fang et al. 1b 2017 32 18-35 0.71 0.02 Morph.Seman 3 1 Reading 2 1 30 N200 100-250 0.02 0.02
Chen, L., Fang et al. lc 2017 32 18-35  0.71 0.02 Morph.Ortho 1 1 Reading 2 1 30 N200 100-250 0.02 0.02
Jia, Wang, S. et al. 1 2013 18 21.3 0.71 0.16 Morph.Relation 1 PrimedLD 2 1 66 N200 180-260 0.15 0.03
Jia & Zhou, C. 1 2023 27 22.7 0.71 0.06 Morph.Relation 1 PrimedLD 2 2 36 N200 150-250 0.06 0.02
Wang, W. et al. la 2017 16 21.1 0.71 -0.47 Char.Freq 1 LD 2 1 40 P200 150-250 -0.45 0.04
Wang, W. et al. 1b 2017 16 21.1 0.71 0.39 Char.Freq 1 LD 2 1 40 P200 150-250 0.37 0.04
Wang, W. et al. lc 2017 16 21.1 0.71 0.13 Char.Freq 1 LD 2 1 40 P200 150-250 0.13 0.03
‘Wang, Yuling, Jiang et al. 1 2021 24 219 0.71 0.02 Morph.Phono 2 1 PrimedSD 2 1 120 P200 160-280 0.02 0.02
Wang, Yuling, Li, Z. et al. la 2024 30 23.13 0.71 0.14 Morphology 4 1 PrimedLD 2 1 55 N250 200-250 0.14 0.02
Wang, Yuling, Li, Z. et al. 1b 2024 30 23.13 0.71 0.18 Morph.Seman 3 1 PrimedLD 2 1 55 N250 200-250 0.17 0.02
Wang, Yuling, Li, Z. et al. lc 2024 30 23.13 0.71 0.01 Morph.Ortho 1 1 PrimedLD 2 1 55 N250 200-250 0.01 0.02
Wang, Yuling, Li, Z. et al. 1d 2024 30 23.13 0.71 0.20 Morphology 4 1 PrimedLD 2 1 55 N250 200-250 0.20 0.02
Wong et al. le 2014 22 20 0.71 0.45 Morph.Ortho 1 2 PrimedLD 2 1 72 N250 150-250 0.44 0.03
Wong et al. 1f 2014 22 20 0.71 0.02 Morph.Phono 2 2 PrimedLD 2 1 72 N250 150-250 0.02 0.02
Wu, J. et al. 2a 2020 25 24.1 0.71 0.40 Morph.Seman 3 1 PrimedLD 1 1 46 P200 120-220 0.39 0.02
Wu, J. etal. 2b 2020 25 24.1 0.71 0.34 Morph.Ortho 1 1 PrimedLD 1 1 46 P200 120-220 0.33 0.02
Wu, J. etal. 2¢ 2020 25 24.1 0.71 -0.29 Morph.Phono 2 1 PrimedLD 1 1 46 P200 120-220 -0.29 0.02
Wu, J. etal. 2d 2020 25 24.1 0.71 0.32 Morphology 4 1 PrimedLD 1 1 46 P200 120-220 0.31 0.02
Wu, Y., Duan et al. la 2020 26 21.12 0.71 0.02 Morph.Seman 3 1 PrimedLD 2 1 40 N250 200-300 0.02 0.02
Wu, Y., Duan et al. 1b 2020 26 21.12 0.71 0.02 Morph.Seman 3 1 PrimedLD 2 1 40 N250 200-300 0.02 0.02
Wu, Y., Duan et al. lc 2020 26 21.12 0.71 0.42 Morphology 4 1 PrimedLD 2 1 40 N250 200-300 0.40 0.02
Wu, Y., Duan et al. 1d 2020 26 21.12 0.71 0.42 Morph.Ortho 1 1 PrimedLD 2 1 40 N250 200-300 0.40 0.02
Wu, Y., Duan et al. le 2020 26 21.12 0.71 0.26 Morphology 4 1 PrimedLD 2 1 40 N250 200-300 0.25 0.02
Wu, Y., Duan et al. 1f 2020 26 21.12 0.71 0.29 Morph.Ortho 1 1 PrimedLD 2 1 40 N250 200-300 0.28 0.02
Wu, Y., Tsang et al. la 2017 24 20 0.71 0.02 Morph.Seman 3 2 PrimedLD 2 1 72 N250 150-250 0.02 0.02
Wu, Y., Tsang et al. 1b 2017 24 20 0.71 0.46 Morphology 4 2 PrimedLD 2 1 72 N250 150-250 0.44 0.03
Wu, Y., Tsang et al. Ic 2017 24 20 0.71 0.48 Morph.Ortho 1 2 PrimedLD 2 1 72 N250 150-250 0.47 0.03
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Zhang, J. et al la 2012 26 20.2 0.71 0.42 Morphology 4 1 PrimedLD 2 1 50 N200 196-236 0.41 0.02
Zhang, J. et al 1b 2012 26 20.2 0.71 0.16 Morphology 4 1 PrimedLD 2 1 50 N200 196-236 0.16 0.02
Zhao, S. et al. la 2017 18 22.8 0.71 0.52 Morph.Seman 3 1 PrimedLD 1 1 40 N250 200-250 0.50 0.03
Zhao, S. et al. 1b 2017 18 22.8 0.71 0.71 Morph.Seman 3 1 PrimedLD 1 1 40 N250 200-250 0.68 0.04

Note: A more detailed data file is available on the Open Science Framework. The meaning of each variable and how they were coded is available in Table S7 in
Supplementary Materials 3.
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Table S4

Description of ERP Studies in Meta-Analysis of Constituent Effects for Component at ~400 ms

Authors Expt t]:::l‘i(ce:; Sample N Age r Cohens d N{::li?n“- Prciceevs::ng ‘S‘;rsltt:llt% Task ];uhlication Pulzll;c::ion Set Size DV W];:ll:ilzw yi vi
Chen, L., Fang et al. la 2017 32 18-35 0.71 0.13 Morphology 4 1 Reading 2 1 30 N400 250-450 0.13 0.02
Chen, L., Fang et al. 1b 2017 32 18-35 0.71 0.19 Morph.Seman 3 1 Reading 2 1 30 N400 250-450 0.19 0.02
Chen, L., Fang et al. Ic 2017 32 18-35 0.71 0.22 Morph.Ortho 1 1 Reading 2 1 30 N400 250-450 0.21 0.02
Jia, Wang, S. et al. 1 2013 18 213 0.71 0.38 Morph.Relation 1 PrimedLD 2 1 66 N400 300-400 0.36 0.03
Jia & Zhou, C. 1 2023 27 22.7 0.71 0.11 Morph.Relation 1 PrimedLD 2 2 36 N400 330-430 0.11 0.02
Wang, W. et al. la 2017 16 21.1 0.71 0.13 Char.Freq 1 LD 2 1 40 N400 250-400 0.13 0.03
Wang, W. et al. b 2017 16 21.1 0.71 0.65 Char.Freq 1 LD 2 1 40 N400 250-400 0.61 0.04
Wang, W. et al. 1d 2017 16 21.1 0.71 0.42 Char.Freq 1 LD 2 1 40 N400 250-400 0.40 0.04
‘Wang, Yuling, Jiang et al. 1 2021 24 21.9 0.71 0.82 Morph.Phono 2 1 PrimedSD 2 1 120 N400 300-500 0.79 0.03
Wang, Yuling, Li, Z. et al. la 2024 30 23.13 0.71 0.51 Morphology 4 1 PrimedLD 2 1 55 N400 350-400 0.50 0.02
Wang, Yuling, Li, Z. et al. b 2024 30 23.13 0.71 0.15 Morph.Seman 3 1 PrimedLD 2 1 55 N400 350-400 0.15 0.02
Wang, Yuling, Li, Z. et al. lc 2024 30 23.13 0.71 0.37 Morph.Ortho 1 1 PrimedLD 2 1 55 N400 350-400 0.36 0.02
Wang, Yuling, Li, Z. et al. 1d 2024 30 23.13 0.71 0.51 Morphology 4 1 PrimedLD 2 1 55 N400 350-400 0.50 0.02
Wong et al. le 2014 22 20 0.71 0.02 Morph.Ortho 1 2 PrimedLD 2 1 72 N400 250-400 0.02 0.02
Wong et al. If 2014 22 20 0.71 0.02 Morph.Phono 2 2 PrimedLD 2 1 72 N400 250-400 0.02 0.02
Wu, J. et al. 2a 2020 25 24.1 0.71 0.30 Morph.Seman 3 1 PrimedLD 1 1 46 N400 280-540 0.29 0.02
Wu, J. etal. 2b 2020 25 24.1 0.71 0.34 Morph.Ortho 1 1 PrimedLD 1 1 46 N400 280-540 0.33 0.02
Wu, J. etal. 2c 2020 25 24.1 0.71 -0.34 Morph.Phono 2 1 PrimedLD 1 1 46 N400 280-540 -0.33 0.02
Wu, J. etal. 2d 2020 25 24.1 0.71 0.45 Morphology 4 1 PrimedLD 1 1 46 N400 280-540 0.44 0.02
Wu, Y., Duan et al. la 2020 26 21.12 0.71 0.47 Morph.Seman 3 1 PrimedLD 2 1 40 N400 300-500 0.46 0.02
Wu, Y., Duan et al. 1b 2020 26 21.12 0.71 0.36 Morph.Seman 3 1 PrimedLD 2 1 40 N400 300-500 0.35 0.02
Wu, Y., Duan et al. lc 2020 26 21.12 0.71 0.37 Morphology 4 1 PrimedLD 2 1 40 N400 300-500 0.35 0.02
Wu, Y., Duan et al. 1d 2020 26 21,12 0.71 0.37 Morph.Ortho 1 1 PrimedLD 2 1 40 N400 200-300 0.35 0.02
Wu, Y., Duan et al. le 2020 26 21.12 0.71 0.45 Morphology 4 1 PrimedLD 2 1 40 N400 300-500 0.44 0.02
Wu, Y., Duan et al. If 2020 26 21.12 0.71 0.11 Morph.Ortho 1 1 PrimedLD 2 1 40 N400 300-500 0.11 0.02
Wu, Y., Tsang et al. la 2017 24 20 0.71 0.11 Morph.Seman 3 2 PrimedLD 2 1 72 N400 250-500 0.10 0.02
Wu, Y., Tsang et al. 1b 2017 24 20 0.71 0.50 Morphology 4 2 PrimedLD 2 1 72 N400 250-500 0.48 0.03
Wu, Y., Tsang et al. lc 2017 24 20 0.71 0.02 Morph.Ortho 1 2 PrimedLD 2 1 72 N400 250-500 0.02 0.02
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Zhang, J. et al la
Zhang, J. et al b
Zhao, S. et al. la
Zhao, S. et al. 1b
Huang, H. & Lee la
Huang, H. & Lee b
Huang, H. & Lee lc
Huang, H. & Lee 1d
Huang, H. et al. la
Huang, H. et al. b
Wei et al. la
Wei et al. 1b
Wei et al. Ic

2012

2012

2017

2017

2018

2018

2018

2018

2011

2011

2023

2023

2023

26

26

18

18

25

25

25

25

21

21

37

37

37

20.2

20.2

22.8

22.8

22.1

22.1

22.1

22.1

21.9

21.9

22

22

22

0.71

0.71

0.71

0.71

0.71

0.71

0.71

0.71

0.71

0.71

0.71

0.71

0.71

0.60

0.51

0.08

0.71

-0.47

0.02

0.15

0.32

0.26

-0.37

0.00

-0.32

-0.26

Morphology
Morphology
Morph.Seman
Morph.Seman
Num.Mean
Num.Mean
Num.Mean
Num.Mean
Num.Mean
Num.Mean
Trans
Morph.Type

Morph.Type

1

PrimedLD

PrimedLD

PrimedLD

PrimedLD

LD

LD

LD

LD

LD

LD

LD

LD

LD

2

2

1

1

50

50

40

40

30

30

30

30

30

30

52

52

52

N400

N400

N400

N400

N400

N400

N400

N400

N400

N400

N400

N400

N400

300-400

300-400

350-400

350-400

250-450

250-450

250450

250-450

250-550

250-550

275-450

275-450

275-450

0.58

0.49

0.07

0.68

-0.45

0.02

0.15

0.31

0.25

-0.36

0.00

-0.31

-0.26

0.02
0.02
0.03
0.04
0.02
0.02
0.02
0.02
0.03
0.03
0.02
0.02

0.02

Note: A more detailed data file is available on the Open Science Framework. The meaning of each variable and how they were coded is available in Table S7 in

Supplementary Materials 3.
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Table S5
Number of Effect Sizes and Studies (in Parenthesis) for Variables Among and Across Tasks

(Measured with Components Around 200 ms)

Lexical Primed Primed
Variable Level General . . Lexical Semantic Reading
Decision Decision Decision
Manipulation Character Frequency 3(1) 3(1) 0 0 0
Morpho-orthography 7(6) 0 6(5) 0 1(1)
Morpho-phonology 3(3) 0 2(2) 1(1) 0
Morphemic Relation 2(2) 0 2(2) 0 0
Morpho-semantics 8(6) 0 7(5) 0 1(1)
Morphology 10(7) 0 9(6) 0 1(1)
Writing System Simplified 28(11) 3(1) 21(8) 1(1) 3(1)
Traditional 5(2) 0 5(2) 0 0
Presentation RSVP 3(1) 0 0 0 3(1)
Isolated 3(1) 3(1) 0 0 0
Priming 27(11) 0 26(10) 1(1) 0
Publication Language Chinese 6(2) 0 6(2) 0 0
English 27(11) 3(1) 20(8) 1(1) 3(D)
Publication Type Journal 32(12) 3(1) 25(9) 1(1) 3(D)
Others 1(1) 0 I(1) 0 0
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Table S6

Number of Effect Sizes and Studies (in Parenthesis) for Variables Among and Across Tasks

(Measured with Components Around 400 ms)

Lexical Primed Primed
Variable Level General . . Lexical Semantic Reading
Decision Decision Decision
Manipulation Character Frequency 3(1) 3(1) 0 0 0
Morpho-orthography 7(6) 0 6(5) 0 1(1)
Morpho-phonology 3(3) 0 2(2) 1(1) 0
Morphemic Relation 2(2) 0 2(2) 0 0
Morpho-semantics 8(6) 0 7(5) 0 1(1)
Morphology 10(7) 0 9(6) 0 1(1)
Morpheme Type 2(1) 2(1) 0 0 0
Number of Meanings 6(2) 6(2) 0 0 0
Transparency 1(1) 1(1) 0 0 0
Writing System Simplified 28(11) 3(1) 21(8) 1(1) 3(1)
Traditional 5(2) 0 5(2) 0 0
Presentation RSVP 3(1) 0 0 0 3(D)
Isolated 3(1) 3(1) 0 0 0
Priming 27(11) 0 26(10) 1(1) 0
Publication Language Chinese 6(2) 0 6(2) 0 0
English 27(11) 3(1) 20(8) 1(1) 3(1)
Publication Type Journal 32(12) 3(1) 25(9) 1(1) 3(1)
Others 1(1) 0 1(1) 0 0
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Table S7

Code Book for Meta-analysis of EEG Studies

effectsize.id
articleName
authors

exp

sample.id

subject.id
article.id
PubYear
sample.n

age
,

Cohens

ProcessingLevel

Manipulation

WritingSystem
Task

PubLang
PubType
SetSize

DV

Time window
yi

vi

Unique effect size number
Title of article
Author(s) of article

Serial number of the experiment in the article. When multiple effect
sizes were extracted from an experiment, they were distinguished by
letters.

Unique sample number. Note: studies sharing participants but using
different tasks or different manipulations were treated as different;
studies reported multiple dependent effect sizes are considered part of
the same sample. This cluster structure is used in later meta-
regressions with RVE and in aggregation methods.

Unique subject number

Unique article number
Year of publication

Sample size (when a study reports the exclusion of subjects, only
record the number of subjects in the data analysis)
Average age of participants; NA if not reported

Correlation between the two conditions (estimated at 0.7091 if the
value was unavailable from the article or raw data)

Effect sizes calculated directly from the M's and SD's, t-values, F-
values, or p-values

Level of processing to which the variable mainly relates (1 =
orthographic processing level; 2 = phonological processing level; 3 =
semantic processing level; 4 = morphological processing level; NA =
controversial)

Variable of constituent manipulated in the study (Char.Freq =
character frequency; Cont.Divers = contextual diversity;
Homoph.Dens = homophone density; Morph.Ortho = morpho-
orthographic priming/preview; Morph.Phono = morpho-phonological
priming/preview; Morph.Relation = morphemic relation priming;
Morph.Seman = morpho-semantic priming/preview; Morph.Type =
morpheme type; Morphology = morphology priming; Neigh.Size =
neighborhood size; Num.Mean = number of meanings; Num.Pron =
number of pronunciation; Plau = plausibility of first constituent;
Stroke = number of strokes; Trans = semantic transparency)

Writing system of stimulus (1 = simplified Chinese; 2 = traditional
Chinese)

Experimental task (LD = lexical decision; PrimedLD = primed lexical
decision; Reading = natural reading)

Publication language (1 = Chinese; 2 = English)

Publication type (1 = journal articles, 2 = other sources)

The number of items per condition in the experiment. Coded as a
continuous variable.
Measurement

The time window of the average amplitude of component
Hedge's g
Sampling variance
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Figure S1

Flowchart Illustrating the Study Screening and Selection Process for EEG Studies

Records identified through Additional records identified
database searching: 1,335 through other sources: 38

h 4 h 4

Records after duplicates removed: 958

Y

h 4

Records screened: 958 Records excluded: 948

Additional records identified
through other sources: 15

Y +

Full-text articles
excluded : 10 (not
present Chinese
compound words = 3;
not include the change

Y

Full-text articles assessed for eligibility: 25

] [ Eligibility ] [ Screening ] [Identification]

of constituent property
- = 5; no sufficient data
3 y h i for calculating effect
% Articles included in meta- Articles included in meta- Size = 1; child
= analysis of component analysis of component participant = 1)
around 200 ms: 12 around 400 ms: 15
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Figure S2

Overall Funnel Plot for Constituent-effect Studies Examining Components at ~200 ms
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Note. Left panel shows the overall funnel plot for studies included in meta-analysis, examining constituent
effects on Chinese compound word processing. Right panel shows the overall funnel plot after using the trim-
and-fill technique; dots indicate original observed studies while hollow dots indicate filled studies (one values in
the right side), with no studies being trimmed.
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Figure S3

Overall Funnel Plot for Constituent-effect Studies Examining the Components at ~400 ms

Standard Error
0.089

0.178

Hedges' g

Note. Dots indicate original observed studies.
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Supplementary Materials 4
P-curve analysis
Figure S4

Distribution of p Values Under .05 for All Studies Included in the p-Curve Analysis
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Mote: The observed p-curve includes 122 statistically significant (p < .05) results, of which 103 are p < .025.
There were 146 additional results entered but excluded from p-curve because they were p = 05.

Note. The blue line shows the observed p curve including 122 statistically significant
(p <.05) results, of which 103 are p <.025. There were 146 additional results entered but
excluded from the p curve because they were p > .05. The dashed red line shows the uniform
distribution of the p values, and the green line plots the right-skewed distribution for a power

level of 33%. CI = Confidence interval.
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