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Abstract

Challenges in reading Chinese as a foreign language involve the large proportion
of two-character compound words which have complex intra-word morphological
structures and scriptal distance between learner’s native language (L1) and
Chinese as a second or foreign language. This study extended a previous
investigation on the processing of Chinese coordinative compound words to
various morphological structures to examine L1 effects and intra-word structure
effects during compound word recognition and identify difficulty order associated
with the different structures of Chinese compound words. Native English- and
Korean-speaking learners of Chinese (n = 25, n = 13, respectively), along with
native Chinese readers (n = 29) participated. Both learners’ L1s and the
morphological structures of compound words exerted significant main effects on
compound word recognition. For non-native readers, the Korean group processed
the five structures of compounds faster but less accurately than did the English-
speaking counterpart. For both non-native groups, the subject-predicate structure
was the most difficult to recognize, followed by the verb-complement structure.
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Word recognition is a cognitive process of identifying the components of a word for meaning
retrieval. Although the universal mechanism of word recognition is involved, the process largely
varies in perceiving and identifying the visual structures and configurations of the word across
writing systems, such as alphabets (e.g., English), alphabetic syllabary (e.g., Korean; Pae, 2011),
and morphosyllabary (or logography, e.g., Chinese; DeFrancis, 1989). Word recognition in
Chinese is challenging for learners of Chinese because of its complex orthographic
characteristics, such as the irregularity of sound-form relations (Zhao et al., 2013), the large
proportion of multicharacter compound words in the Chinese lexicon, and the absence of word
boundaries (Chen et al., 2006; Perfetti et al., 2013). The orthographic characteristics of readers’
native language (L1) influence word recognition in a foreign/second language (L2) (Akamatsu,
2003; Pae et al., 2015; Pae et al., 2017; Ruan et al., 2018). In addition, L2 Chinese readers’
sensitivity to the morphological structure of Chinese words significantly contributes to word
recognition, word meaning inference, and reading comprehension (Ke & Koda, 2017a, 2017b;
Koda, 1999; Zhang, 2016; Zhang et al., 2021).

In Chinese, one character corresponds to one syllable, unlike alphabetic scripts in which a
syllable is composed of multiple letters or graphemes. One character also corresponds to one
morpheme with a few exceptions (e.g., ¥ ¥%, butterfly) that require more than one character to
bear an independent morpheme. A single character (or morpheme), two characters, or multiple
characters can be a word (Packard, 2000)*. More than 80% of Chinese words are two-
morpheme/character compound words in which each morpheme is represented by its own form,
meaning, and sound (Huang et al., 2011; Packard, 2000). In terms of the components of two-
morpheme Chinese words, there are five intra-word morphological structures that conjure two
morphemes together, including modifier (e.g., B~ =, bed-room, bedroom), coordinative (e.g., 1%.
% flower-grass, plant), subject-predicate (e.g., /2 3r, public-to establish, public), verb—object
(e.g., "z.1K, to eat-meal, to eat), and verb/adjective-complement (e.g., % #, to change-forward,
to improve) (Kuo & Anderson, 2006). Among the five structures of two-morpheme compound
words, approximately 50.7% are modifier compounds, 25.7% are coordinative compounds, and
the other three structures comprise about 17.7% (as cited in Chen & Duanmu, 2016)2.

Research into L2 Chinese readers’ reading perception and recognition skills suggests that
learners from Sinosphere® countries seemed to have developed morphological awareness in
Chinese compound words better than learners from non-Sinosphere countries (Gan, 2009; Xu,
2004). Furthermore, intra-word morphological structures influenced the meaning inference of
Chinese compound words for both Sinosphere and non-Sinosphere learners (Gan, 2009; Guo,
2003; Chen, 2021). However, the geographic origin of learners may not be a valid distinction for
the investigation of variations found in Chinese word recognition by non-native Chinese readers
due to variabilities across learners’ native languages and writing systems within the dichotomous
localities. For instance, familiarity to the writing system of the target language is related to
different levels of anxiety and outcomes in foreign language reading (Saito et al., 1999; Zhou,
2017). Thus, the specificity of learners’ L1 warrants further investigation. Moreover, research
has only focused on three structures of Chinese compound words, including modifier (also
known as subordinates, hereafter, modifiers), coordinative, and verb-object structures (Feng,
2003; Guo, 2003; Xu, 2004). Sun et al. (2020, 2021) investigated sublexical processing caused
by intra-word morpho-semantic and morpho-orthographic relationships within Chinese
coordinative compound words for both native and non-native readers of Chinese. As a special
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type of compound words, coordinative compounds feature semantic and orthographic
(dis)similarities between the two morphemes within a compound word and highlight the
significance of intra-word morphological structures. However, there is a lack of systematic
investigations and theoretical frameworks on the processing mechanism behind the various
structures of Chinese compound words. To better understand decoding processes involved in
Chinese compound word recognition by readers from different L1s, this study intended to base
on Sun et al.’s (2020, 2021) approach and extend such investigations to all five structures to
examine the effects of L1 and morphological structures and to explore difficulty order in
recognizing the various structures of Chinese compound words among native English- and
Korean-speaking learners of Chinese, compared to native Chinese readers.

Literature Review
Compound Words in Korean and English

Korean has many polysyllabic compound words in the lexicon, especially in Sino-Korean
vocabulary for academic use (Pae, 2024). Compound words in Korean can be categorized into
three structures, including subcompounding, co-compounding, and argument-predication (Ko,
2011). The first type, subcompounding, refers to juxtaposing two morphemes and using the first
morpheme to modify the second one (e.g., %1, top/up + A5, person = S AL, elder/superior)
(Ko, 2011). Subcompounding is not only common in noun-noun combinations, but also in verb-
verb combinations (e.g., & T}, to turn + 2. T}, to come = &=} 2. T}, to return; to come back)
(Song, 2005). In a sense, the subcompounding of two Korean morphemes is equivalent to
modifier compound words in Chinese. The second type, co-compounding, is to combine two
morphemes that have opposite meanings to yield a collective meaning in a compound word.
Since Korean vocabulary has both native Korean words and Sino-Korean words (i.e., Korean
words of Chinese origin), the same meaning can be notated in both. For example, the compound
word meaning up and down can be written as a native Korean word ] ©}2ll, comprising 1 (up)
and ©}2l] (down), or as a Sino-Korean word %3} _E T, consisting of % (up) and 3} (down).
This type is equivalent to coordinative compound words in Chinese.

The last type, argument-predication, refers to compound words comprising two morphemes in
which one serves as an argument and the other functions as a predicate (e.g., B<~/78F = 2H/ 1,
to clap + </, hand, clapping hands; Ko, 2011). In our view, argument-predication
compounding is similar to verb-object compound words in Chinese. In addition to these
equivalences to Chinese modifier, coordinative, and verb-object compounds, respectively,
another group of Korean compound words can be identified as somewhat resemblance to
Chinese subject-predicate compound words, such as -8 /58 /& (head + to ache) and %] X1/# &
(earth + to tremble), and to Chinese verb/adjective-complement compound words, such as & tfj/
#& A (to expand + big) and }3]/8f 3% (to break + broken). In sum, the five structures of Chinese
two-morpheme compound words can be found in the Korean language.

The structural rules for English compound words are somewhat similar as well. Carstairs-
McCarthy (2002) has summarized that compound verbs, compound adjectives, and compound
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nouns exist in the modern English language and that many of them are “right-headed” (p. 61),
indicating that modified morphemes are positioned to the right or in the second position, whereas
modifying morpheme are usually placed to the left or in the first position of a compound word.
For a compound verb, the modified morpheme is often a verb while the first morpheme (i.e., the
modifying morpheme) can be a verb (e.g., stir-fry), a noun (e.g., hand-wash), an adjective (e.g.,
dry-clean), or a preposition (e.g., overcook). For a compound adjective, the modifying
morpheme on the left can be a noun (e.g., sky-high), an adjective (e.g., greyish-green), or a
preposition (e.g., overactive). For a compound noun, similarly, the modifying morpheme can
vary from a verb (e.g., playtime), a noun (e.g., hairnet), an adjective (e.g., blackboard), to a
preposition (e.g., overcoat). Given the modifying relationship between the morphemes, these
English compound words are comparable to modifier compound words in Chinese. In some
verb-noun English compound words, the noun to the right is regarded as “the object of the verb”,
such as pickpocket, killjoy, and cutpurse (Carstairs-McCarthy, 2002, p. 64). These “headless”
examples, in our view, are analogous to the verb-object compound word in Chinese.

Another category of “headless” noun compounds consisting of a verb and a preposition/adverb,
such as take-off and wrap-up* (Carstairs-McCarthy, 2002), is similar to the verb-complement
compound words in Chinese. Furthermore, English has coordinative compounds that include
hyponym-superordinate compounds where there is a species—genus relationship between the two
entities (such as oak tree and tuna fish) and synonymous compounds (such as pathway and
subject matter) (Benczes, 2014). In sum, English compound words have equivalences to Chinese
modifier, coordinative, verb-object, and verb-complement structures. The only structure in
Chinese compound words that is missing in English seems to be the subject-predicate compound
words.

In light of compound words in Chinese, Korean, and English, the three languages share a certain
degree of similarities in their morphological structures in compounding as they all possess
modifier, coordinative, verb-object, and verb/adjective-complement structures. English is
different from Chinese and Korean in that (1) English does not seem to have subject-predicate
structure, and (2) English has by and large visual markers such as space and hyphen between two
constituent morphemes.

Morphological Processing by Native Chinese Readers

Due to the morphosyllabic nature of Chinese orthography, Chinese readers rely more on
semantic information than phonological information in word recognition (Perfetti et al., 2013).
Research into native Chinese readers’ word reading shows that the awareness of morphological
structures, morphemic meanings, and homophones is predictive of character reading and
vocabulary acquisition (Chen et al., 2009; Ip et al., 2019; Liu & McBride-Chang, 2010b; Tong &
McBride-Chang, 2010). Among these skills, the awareness of morphological structures is a
unique predictor of Chinese character reading for Chinese children in literacy development (e.g.,
Liu et al., 2013).

In terms of reading Chinese compound words, the processing of morphological structures has

been studied using the priming paradigm with native Chinese readers to examine the effects of
morphological structures on word recognition focusing on the two most prevalent structures of
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modifier and coordinative compound words (Chung et al., 2010; Liu & McBride-Chang, 2010a).
For example, the coordinative structure was relatively easier to identify than the modifier
structure due to the consistent lexical properties of the constituent morphemes within a
coordinative compound word, and semantic priming effects functioned differently on modifier
and coordinative compound words (Liu & McBride-Chang, 2010a). The effects of
morphological structures found in these studies indicated that, for Chinese compound words,
although semantic information at the constituent morpheme level and the word level could
activate the lexical representation of the target, the processing of morphological structure
information between the prime and the target was needed as a result of a competition among
activated morphemic candidates (Chung et al., 2010).

Morphological Processing by L2 Chinese Learners

Native Chinese readers have developed an awareness of morphological structures in Chinese
compound words since young age (e.g., Liu & McBride-Chang, 2010b; Zhang, 2017). To
learners of Chinese as an L2, however, challenges involved in reading Chinese lie not only in the
absence of space or hyphen between two morphemes/characters in a compound word, but also in
the opaqueness of the morphological properties (e.g., inflections and derivations) as a visual cue
for identifying compound words.

The following characteristics of Chinese compound word recognition have been identified from
a limited number of studies with learners of L2 Chinese. First, Sinosphere learners seemed to
develop a morphological awareness better than non-Sinosphere learners (Gan, 2009; Xu, 2004).
For example, Japanese- and Korean-speaking learners performed better than non-Sinosphere
learners in meaning inferencing between modifier and coordinative compound words (Gan,
2009). In a lexical judgment task with both Sinosphere (i.e., Japanese and Korean) and non-
Sinosphere (i.e., Indo-European) learners of Chinese, nonwords in both modifier and
coordinative structures were rejected more by non-Sinosphere learners than by Sinosphere
learners, indicating that Sinosphere learners were likely to accept nonwords as long as the
morphological structure between the two morphemes falls into a familiar category (Xu, 2004).

Second, modifiers, coordinatives, and verb-objects are the most studied structures (Gan, 2009;
Guo, 2003; Xu, 2004), due probably to the dominant proportion of modifier (50.7%) and
coordinative (25.7%) compounds (Chen & Duanmu, 2016) and to the regular compounding rule
in the verb-object structure. Guo (2003) studied non-Sinosphere learners” meaning-inferencing
skills in Chinese compound words with familiar morphemes in the modifier and verb-object
structures and found that the modifier structure was performed better than the verb-object
structure. Gan (2009) studied the meaning inferencing of modifier and coordinative compound
words in sentences by Sinosphere and non-Sinosphere learners of Chinese as L2. A significant
main effect of morphological structures was found, as participants showed better performance on
the modifier structure than the coordinative structure, similar to the findings of previous studies
with native Chinese children. However, conflicting results have been reported. Xu (2004) found,
in an analysis of Chinese learners’ corpus of compound word errors, that the modifier structure
yielded the most errors, followed by the coordinative and verb-object structures.

Third, intra-word morphological properties, such as the position of a dominant morpheme,
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semantic transparency of constituent morphemes, and morphological structures, had significant
effects on Chinese learners’ processing of compound words (Feng, 2003; Gan, 2009; Guo, 2003;
Xu, 2004). For instance, the tendency of processing morphemes in a left-to-right order for non-
Sinosphere intermediate learners of Chinese in both modifier and coordinative compound words
was different from that of native Chinese readers who relied on the centeredness of the second
morpheme in a modifier compound word and the left-to-right sequential order in a coordinative
compound word (Feng, 2003). Japanese- and Korean-speaking learners of Chinese relied on a
dominant morpheme in the modifier structure as the major strategy for recognizing compound
words (Xu, 2004). When modifier and verb-object compound words were sub-categorized into
transparent (i.e., meaning of the compound word is the literal combination of the meanings of
constituent morphemes; e.g., modifier [, country-law, law) and opaque (i.e., meaning of the
compound word has sub-textual meaning; e.g., modifier 5 &, hand-feeling, texture in touch)
conditions, the semantic transparency of the constituent morphemes had significantly different
effects on the inferencing of compound words in both modifier and verb-object compound words
(Guo, 2003).

Moreover, the modifier and verb-object structures showed significant differences in both
semantically transparent and opaque compound word conditions (Guo, 2003), and the modifier
structure was performed better than coordinatives by both Sinosphere and non-Sinosphere
learners of Chinese (Gan, 2009). Both indicated that intra-word morphological structures
affected compound word meaning inference (Guo, 2003). In a recent study on incidental learning
of Chinese compounds among non-Sinosphere learners of Chinese, learners with a higher level
of morphological awareness performed better in word identification for opaque compounds than
those with a lower level of morphological awareness. However, such a difference did not occur
for transparent compounds (Y1, 2022).

Building on existing yet limited research into morphological processing by both native and non-
native Chinese readers, this study included all five structures of Chinese compound words not
only to examine the effects of L1 and morphological structures on word recognition among
English- and Korean-speaking learners of Chinese, compared to native Chinese readers, but also
to explore difficulty order in the recognition of the five compound structures for learners of L2
Chinese.

The Current Study

In this study, we investigate the processing of morphological information during the recognition
of the five structures of Chinese two-morpheme compound words by English- and Korean-
speaking learners of Chinese as L2, as well as native Chinese readers. In general, the Chinese
writing system is referred to as a form-meaning based script (Perfetti et al., 2005; Perfetti et al.,
2013). English and Korean conform to the alphabetic principle with phonemes as the minimal
unit. Korean and Chinese scripts share more similarities than English in morpheme building and
syllabic blocks. Such diverse orthographic characteristics of the three writing systems provide an
ideal opportunity to investigate cross-linguistic influences on compound word recognition in L2.
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The following research questions guided this research:

1. To what extent do readers’ L1 and morphological structures affect the recognition of
Chinese two-morpheme compound words?

2. For English- and Korean-speaking learners of Chinese, which morphological
structure of Chinese compound words is the most difficult to recognize and which the
easiest?

For the first question, we hypothesized that both readers’ L1 and the morphological structures of
compound words would play a significant role in L2 Chinese compound word recognition. The
native Chinese group provided a baseline data. Based on the shared and different linguistic
features among the three languages, we hypothesized that English-speaking learners of Chinese
would encounter more difficulties in Chinese compound word recognition than would Korean-
speaking learners of Chinese (Gan, 2009; Xu, 2004).

The second question was more exploratory in nature without a priori hypothesis for either
English- or Korean-speaking learners because of a lack of previous studies on the five structures
and inconclusive findings among the modifier, coordinative, and verb-object structures from
previous studies (see Gan, 2009; Guo, 2003; Xu, 2004). The results led to an illustration of the
rankings of difficulty in the five structures for English- and Korean-speaking learners of Chinese
to inform teaching and learning.

Method
Participants

A total of 68 native readers of Chinese, Korean, and English participated in this study. One
participant from English L1 group whose native language was Japanese was excluded from the
analyses. The remaining English L1 group was composed of 25 American college students who
were studying Chinese as a foreign language in the United States (12 female, Mage = 25.56, SD =
8.24). The participants in the English L1 group were recruited on a university campus and the
experiment was administered in a quiet study room by the first author. The Korean L1 group
consisted of 13 Korean adult learners of Chinese as a second language in China (9 female, Mage =
20.46, SD = 3.91). The native Chinese group had 29 participants (22 female, Mage = 29.14, SD =
5.57). The participants in the Korean L1 group and the native Chinese group were recruited at a
learning center in a northern Chinese city and the experiment was administered in a quiet study
room by the first author. All of the participants learned (read and write) simplified Chinese
characters. All participants had normal or corrected-to-normal vision.

A Chinese proficiency test was administered to non-native Chinese learner participants, along
with their self-ratings on Chinese skills in reading, writing, speaking, and listening. The Chinese
proficiency test consisted of ten multiple choice questions. Each item was a sentence with a
missing word, which was to be chosen from four word options provided®. Despite the limitation
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of the short-form test for measuring participants’ overall Chinese proficiency, this brief
proficiency test was instrumental for gauging participants’ Chinese proficiency by following
general procedures utilized in L2 studies and optimally minimizing participants’ testing time in
order to avoid fatigue effects. Their mean scores and standard deviations are shown in Table 1.
The mean scores of the Chinese proficiency test between English and Korean L1 groups were
not significantly different. Levene’s test for equality of variance was not significant, indicating
that the assumption of variance homogeneity was tenable. English- and Korean-speaking learners
were not significantly different, either, in self-rated Chinese skills in reading, writing, or
listening. Although the self-rating for speaking between English- and Korean-speaking
participants showed a significant difference [t(36) = 3.073, SD = .457, p = .004], we did not
consider this as a detriment to our study because the participants were asked to complete a
lexical decision task, in which speaking skills would not influence their performance.

Table 1. Mean Scores and Standard Deviations (SD) of Chinese Proficiency Test and Self-rated Chinese
Skills by Native English- and Korean-speaking Participants

English (n = 25) Korean (n = 13)

Mean SD Mean SD
Chinese proficiency test 9.48 1.33 8.69 1.70
Reading 6.64 1.50 5.69 1.25
Self-ratinas Writing 5.72 1.60 4.77 1.48
g Speaking 7.02 1.03 5.62 1.81
Listening 7.00 1.29 6.31 1.03

Procedure

A standard lexical decision task was constructed using Inquisit 5 Lab (Version 5.0.14, Inquisit 5)
on a MacBook Air laptop. The experiment was designed for the participant to press a designated
“YES” or “NO” key on the keyboard as quickly and accurately as possible to judge whether the
stimulus appeared at the center of the screen was a real word or not. The instructions of the
practice and task sessions were presented in Arial font, 28 pt in black on a white background.
Practice and task items were presented in Kaiti, 36 pt in black at the center of the screen.

After signing an informed consent form, the participant was asked to finish the task without
distraction on the laptop. Each participant was given the instructions in both oral and written
forms before beginning the task. After presenting a fixation point “*” for 500 milliseconds (ms),
each experimental item appeared at the center of the screen until the participant responded.
Participants’ reaction time (RT) for each stimulus and its accuracy were recorded by the
software. It took approximately five minutes for a native Chinese participant and eight minutes
for a Chinese learner to complete the task.

Stimuli
The stimuli of the five structures of Chinese compound words were constructed for this study by
the first author. We first chose 10 compound words of each structure from the Modern Chinese

Corpus Frequency Tableb (3 X X 1& 15 £ & 18 47 & ; Xiao, 2010) and asked three native Chinese
linguistic professors and graduate students to categorize the structure of the 50 compound words.
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All stimuli selected for this study were high frequency words. Four words were replaced to reach
a final 100% agreement. Another 50 nonwords were created for the lexical decision task. Except
for the subject-predicate structure condition’, a one-way ANOVA indicated that there was no
significant difference in word frequency among different structures, in the total number of
strokes in the stimulus, nor in the absolute stroke difference. A full list of the stimuli is provided
in the Appendix.

Data Analysis

One participant from the L1 English group whose mean accuracy rate below 50% was excluded.
Practice and nonword trials were removed during a data-trimming process. Incorrectly responded
trials were excluded from RT analyses. Considering the unequal variance in RT among L1
groups and conditions, we trimmed off RT data beyond the 2.5 standard deviation of the mean
RT of the participants by L1 group and by condition, resulting in the total data removal rate of
8.70% from the original RT dataset.

Due to the sequential nature of stimuli presentation in such psycholinguistic experiments as
lexical decision tasks, participants’ RT data are potentially threatened with autocorrected errors
(Baayen et al., 2018). Therefore, to address the first research question, we considered subjects
and items as crossed random effects and conducted data analyses on RT data with linear mixed-
effects models (LMM) and accuracy data with generalized linear mixed-effects models (GLMM)
using Ime4 package (Bates et al., 2015) in R (version 4.0.2, R Core Team, 2019). We first fit the
RT data in a linear mixed-effects model with L1 and the morphological structures as the fixed
factors and subjects and items as the random factors, including both random intercepts and
slopes.

Next, we fit the accuracy data in the same way as RT data in generalized linear mixed effects
models. In addition, we controlled for word frequency and learners’ Chinese proficiency in our
models because although proficiency effects were marginal for high-frequency words (Brysbaert
et al., 2017; Monaghan et al., 2017), word frequency and proficiency mattered in Chinese
learners’ compound word processing (Feng, 2003; Xu, 2004) and in the mechanism of word
recognition (e.g., Akamatsu, 2005).

Results

RQ number one. Our first research question asked about the effects of L1 and morphological
structures on compound word recognition. From the results of the RT analyses (see the upper
part of Table 2), there was a main effect of readers’ L1; English- and Korean-speaking learners’
RTs were significantly longer than that of native Chinese readers (f = 514.55, p <.001 and § =
312.55, p < .001, respectively). The main effect of the compound word structure was significant
as well. With the subject-predicate compound words condition being the reference category, we
found significant differences between subject-predicates and modifiers (8 = -60.80, p < .05),
between subject-predicates and coordinatives (f = -79.95, p <.01), between subject-predicates
and verb-complements (5 = -82.67, p < .01), and between subject-predicates and verb-objects (5
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= 123.62, p <.001). Entered as covariates, word frequency was a significant predictor of
participants’ RT (f = -0.04, p <.001), but proficiency was not (# = -28.09, p = .087).

In terms of the accuracy rate (lower part of Table 2), a significant L1 group effect was found as
there was a significant difference in the accuracy rate between the English L1 and native Chinese
groups (5 =-2.78, p < .001) and between the Korean L1 and native Chinese groups (5 =-2.92, p
<.001). No significant main effect of the compound word structures was detected based on the
GLMM results. Both word frequency (# =0.001, p < .01) and participants’ proficiency (5 = 0.27,
p <.01) were found to be significant.

Table 2. LMM Results of Reaction Time (RT) and GLMM Results of Accuracy Rate

Reaction Time Estimate Std. Error t value Pr (>[t)
(Intercept) 1013.01 165.24 6.13 <0.001
English 514.55 44.52 11.56 <0.001
Korean 312.55 57.77 541 <0.001
Modifier -60.80 25.64 -2.37 0.018
Coordinative -79.95 27.55 -2.90 0.004
Verb-Complement -82.67 25.94 -3.19 0.001
Verb-Object -123.62 25.58 -4.83 <0.001
frequency -0.04 0.01 -3.95 <0.001
proficiency -28.09 16.16 -1.74 0.087
Accuracy Rate Estimate Std. Error z value Pr(>|z|)
(Intercept) 1.26 1.19 1.06 0.289
English -2.78 0.55 -5.05 <0.001
Korean -2.92 0.60 -4.84 <0.001
Modifier 1.42 1.17 1.22 0.224
Coordinative 1.40 0.87 1.61 0.108
Verb-Complement -0.64 0.65 -0.97 0.331
Verb-Object 1.26 0.91 1.38 0.167
frequency 0.001 0.00 2.90 0.004
proficiency 0.27 0.10 2.66 0.008

Note. LMM=Linear Mixed-effects Models; GLMM=Generalized Linear Mixed-effects Models.
RT =reaction time. Reference group for L1 is Chinese; Reference group for structure is subject-predicate.

RQ number two. For the second research question, we explored the difficulty rankings of the
five morphological structures for English L1 and Korean L1 readers, compared to native Chinese
readers. The mean RT and mean accuracy rates by L1 group by structure are illustrated in Figure
1 and Figure 2, respectively. Although the English L1 group showed the longest RT overall
(Mean = 1451.60, SD = 1080.51) in recognizing all five compound structures (Figure 1), the
recognition difficulty featured a similar pattern to that of the native Chinese readers (Mean =
638.69, SD = 280.24). Specifically, the verb-object structure was the easiest to recognize,
followed by the modifier structure, and the subject-predicate structure was the hardest to
recognize. For the Korean L1 group whose RTs were shorter than the English L1 group overall
(Mean = 1346.47, SD = 1229.56) and in all structures (Figure 1), the verb-object was the easiest
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to recognize, followed by the coordinative and modifier, while the subject-predicate was the
hardest to recognize (Figure 1).

In terms of the accuracy rate, the Korean L1 group showed lower accuracy rates than did the
English L1 group overall (86.0% and 92.4%, respectively) and in all five structures (Figure 2).
While the pattern of accuracy rates was comparable to those of the native Chinese readers overall
(98.8%) and among the five structures (Figure 2), it was evident that the subject-predicate
showed the lowest accuracy rate for both Korean and English L1 groups, followed by the verb-
complement structure. Accuracy rates for the verb-object, coordinative, and modifier structures
did not show as great challenges as did the other two structures for the Korean and English L1
readers.

Mean RT by L1 by structure
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Figure 1. Mean Reaction Time (RT) in Structure Conditions by L1 Group
Note. Data points are presented in millisecond without decimals.
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Figure 2. Mean Accuracy Rates in Structure Conditions by L1 Group
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Note. Data points are presented in percentages.
Discussion

The salience of morphological information in Chinese lexical representations has been a focal
interest of research for cross-linguistic transfer in reading and word recognition studies (e.g., Ke
& Xiao, 2015; Koda & Miller, 2018;). As our knowledge of cross-linguistic influences and the
effects of morphological characteristics increases, more empirical evidence is needed to facilitate
our understanding of how the intra-word morphological structures of Chinese compound words
exert their script-specific effects on word recognition, and of how learners with distinct writing
systems as L1 decode the intra-word morphological structures of L2 Chinese compound words.
To this end, this study investigated the effects of Chinese learners’ L1 and the morphological
structures of two-morpheme Chinese compound words on word recognition by English- and
Korean-speaking learners of Chinese in comparison to that of native Chinese readers.

Firstly, by evaluating the processing of the five intra-word morphological structures of two-
morpheme compound words, our study revealed a significant effect of morphological structures
on compound word recognition. This finding was consistent with previous findings with both
native Chinese readers’ (e.g., Liu & McBride-Chang, 2010b) and L2 Chinese learners’ word
recognition (Feng, 2003; Gan, 2009). Based on previous research, it was expected that intra-
word morphological structures would play a significant role in their lexical access to the whole
word (Sun et al., 2020, 2021). Our finding extends previous findings by consistently showing the
significant morphological structure effect as a manifestation of the processing mechanism
involved in all five morphological structures of Chinese compound words (i.e., subject-
predicates, coordinatives, verb-objects, modifiers, and verb/adjective-complements). In addition,
this finding is also consistent with studies in L2 English word recognition, which found that the
manipulation of target language input, especially intra-word structures, has a stronger impact
than L1 experience and cross-linguistic influences on L2 word recognition (Akamatsu, 2003;
Koda, 1999; Muljani et al., 1998; Pae et al., 2017).

Secondly, we found significant L1 effects on recognizing the Chinese two-morpheme compound
words. Prior research suggested that the extent of cross-language transfer depends on the degree
of L1 and L2 language proficiency, as well as the similarity between the two languages and
writing systems (Bialystok et al., 2005). Indeed, we found that Korean-speaking learners
performed significantly faster than English-speaking learners in the lexical decision task. This
may not be surprising because for Korean-speaking learners, morphology plays a salient role in
reading Korean due by and large to the large portion of Sino-Korean vocabulary in the Korean
lexicon (Pae, 2024). More importantly, this finding is consistent with the results from a multi-
scripts study among second graders from China, Korea, and U.S., where morphological
awareness was found to be more important for reading Chinese and Korean than English
(McBride-Chang et al., 2005).

Our finding is also consistent with previous cross-linguistic transfer studies on L2 English word
recognition, showing that L1-L2 distance in writing systems created a continuum of performance
in L2 English word recognition (e.g., Koda, 1999; Pae & Lee, 2015; Pae et al., 2017). For
example, L2 English learners with diverse L1 backgrounds responded differently to a variety of
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morphological manipulations, including letter position and the sequence of nonsense letter
strings (Koda, 1999), homophone with different graphic similarity (Wang et al., 2003a), and
word shape, including case alternations at the lexical level (Akamatsu, 2003; Pae & Lee, 2015;
Pae et al., 2017) and scrambled letters at the sublexical level (Pae et al., 2017). In addition to
comparing the effects of the morphological structures of Chinese compound words on visual
recognition across readers from distinct writing systems, the other contribution of this study is
the juxtaposition of all five morphological structures of Chinese compound words in one study,
beyond the frequently studied three structures (Feng, 2003; Guo, 2003; Xu, 2004).

Overall, we found that among the five structures, only the subject-predicate structure was
significantly harder than the verb-object structure for both native and non-native readers to
recognize, while there was no significant difference in recognition difficulty between any other
two pairs of the structures. The first explanation for the top difficulty level for the subject-
predicate compounds lies in the low quantity and low frequency of the subject-predicate
structure in the Chinese lexicon (Chen & Duanmu, 2016). Second, the grammatical feature of the
subject-predicate structure is not identified in English. Even though the Korean language has
compound words equivalent to the Chinese subject-predicates, it is not identified as a
compounding category for the major type in Korean (Ko, 2011). Thus, subject-predicate
compounds reasonably pose difficulty for native Korean and English learners of Chinese to
recognize or to conceptualize them in Chinese vocabulary learning.

For native Chinese readers, the effects of the morphological structures on Chinese compound-
word processing have been studied mostly with the priming paradigm between modifier and
coordinate compound words, which are the two most prevalent structures in the Chinese
language. The coordinative structure was documented to be relatively easier to identify than the
modifier structure due to the consistent lexical properties of the constituent morphemes of a
compound word (Chung et al., 2010; Cui et al., 2018; Liu & McBride-Chang, 2010a). In
addition, the unique word-class consistency and semantic consistency between the two
morphemes in a coordinative compound word generated a positive link and facilitated
recognition and lexical retrieval, whereas the link between the two characters of a modifier
compound word was inhibitory in a lexical decision task (Zhang & Peng, 1992). In a
morphological awareness study among Chinese children, it was found that the modifier and
coordinative structures were easier for Chinese children to construct than the subject—predicate
or verb—object structures (Liu & McBride-Chang, 2010b). However, our study found the
opposite; that is, the coordinative structure was recognized more slowly and less accurately than
the modifier and verb-object structures for native Chinese readers. One explanation is that there
is more semantic and grammatical connectedness between the two morphemes of a modifier
compound word than that of a coordinative compound word (Gan, 2009; Liu, 2016). It is also
possible that the processing of orthographically similar and dissimilar information between the
two constituent morphemes in a coordinative compound word (e.g., i, to comment, share a
radical on the left that makes the two morphemes orthographically similar) causes an extra
processing burden in making lexical judgment (Sun et al., 2020), whereas modifier compounds
do not impose such visual confusion.

The difficulty levels of the five structures for the English L1 group followed a similar pattern to
that of the native Chinese group in terms of processing time, whereas the English and Korean L1
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groups shared a similar pattern in terms of accuracy rates. For the native English readers, the
modifier structure was responded faster and more accurately than the coordinative structure. This
finding was consistent with Gan (2009) that modifiers were better recognized than coordinative
compounds, although none of these differences was significant. For the native Korean readers,
we found that the modifiers were the structure that produced the highest accuracy, followed by
the coordinative and verb-object structures. This is consistent with Xu’s (2004) finding with
Korean learners of Chinese among these three structures, which indicates the reliance on the
head morpheme in the modifier structure, as prevalent in the subcompounding in the Korean
lexicon (Ko, 2011). In terms of reaction time, however, the Korean L1 group showed faster
responses to the coordinative compounds than the modifiers, which could be attributable to the
existence of co-compounding words and Sino-Korean words derived from Chinese characters in
the Korean lexicon (Pae, 2024).

In our view, the order of difficulty in recognizing Chinese two-morpheme compound words is
not random for Korean- and English-speaking learners of Chinese. As reviewed earlier on
compound words in the three languages, certain morphological structures existing in one’s L1
hold an advantage over the other structures to influence their recognition in L2 Chinese
compound word recognition. Although native Korean learners of Chinese were categorized as
Sinosphere learners in previous studies (Gan, 2009; Guo, 2003; Xu, 2004), Chinese characters
are used differently in Korea in terms of the orthographic and phonological features (Pae, 2024).
Orthographically, Koreans use traditional characters rather than simplified ones. Phonologically,
the same characters or words are pronounced slightly differently from each other (e.g., EEE is

pronounced as /min-zhu/ in Chinese and /min-3u/ in Korean). Despite the slight differences in
the orthography and phonology of Chinese characters used in China and Korea, the presence of
Sino-Korean words in the Korean lexicon might have allowed for faster processing for the
Korean group. Thus, compared to English, the orthographic and phonological similarities
between the Chinese and Korean languages might have lent Korean readers an advantage in
initial recognition during the lexical decision task, although it might not necessarily guarantee
accurate recognition, as shown in Korean readers’ shorter RT but lower accuracy rates,
compared to English L1 readers. Another possible reason for the Korean L1 group outperforming
the English L1 group is that Korean participants in this study recruited in China might have more
exposure to the target language than the English L1 group recruited in the United States®.

Pedagogical Implications

In the past two decades, reading researchers have delved into a wide range of topics in foreign
language reading. Among these significant contributions, orthography and word recognition have
been clustered topics of rising interest in reading a foreign language other than English (Wang et
al., 2022). Building on existing work and with the purpose of better understanding the decoding
process of morphologically complex Chinese compound words by learners of Chinese from
different L1s, our findings offer a few suggestions in terms of the teaching of two-morpheme
compound words in Chinese language education.

It is evident that the intra-word morphological structures of Chinese compound words have
significant effects on word recognition and that the orthographic features of learners’ L1 and its
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distance from Chinese orthography contribute to L2 Chinese word recognition. Based on such
findings, it is suggested that, first, intra-word morphological relationships between the two
morphemes of a compound word be emphasized, especially for the subject-predicate structure,
which is virtually non-existent in Korean and English. Skills in intra-word morphological
awareness are critical for learners of Chinese because they serve as a scaffolding catalyst for
enhancing vocabulary knowledge and self-efficient vocabulary building towards higher levels of
study (Ke & Koda, 2017a, 2017b; Sun et al., 2021). Second, considering the large proportion of
modifier compound words wherein a head morpheme serves as the center as well as coordinative
compound words wherein the two morphemes of a word share orthographic and/or semantic
similarities, instruction and practice can focus on the nuanced differences in synonymous
compound words to facilitate the assimilation and accommodation of new morphological
knowledge in learners’ schema. Third, the word class of morphemes and general rules for
compounding could be introduced as learners encounter more compound words and more
complicated structures, such as subject-predicate compounds.

In reading Chinese as a foreign language, learners of Chinese adopt both bottom-up and top-
down strategies to achieve comprehension. Word recognition, as a lower-level processing skill,
is supported by local and global context cues and inferences. When learners encounter a potential
morpheme of a compound word, sourcing visual and grammatical cues that provide orthographic
or semantic reference adjacent to the target or in the mental lexicon is a common word
recognition strategy (Huang, 2018). Thus, these three implications should be considered and
implemented simultaneously in teaching practice and design for Chinese compound word
learning.

Limitations and Future Directions for Research

This study has a few limitations that need to be addressed in future investigations. First, the
learner participants in the English and Korean L1 groups were recruited in the US and China,
respectively. The different learning environment, that is, learning Chinese as a second language
versus as a foreign language, posed challenges in the evaluation of participants’ Chinese
linguistic knowledge and learning background information. The current study took the learning
context into consideration by ensuring that the Chinese proficiency scores did not show a
significant difference between the two non-native groups and that their proficiency was
controlled in the analyses. However, to corroborate the results of this study, future studies that
keep participants’ learning contexts consistent are needed.

Second, this study was, in a sense, exploratory in nature because of the lack of previous research.
Future research should include more control variables, such as L1-specific linguistic skills and
L2 Chinese linguistic skills. Specifically, by controlling for readers’ orthographical and
morphological processing subskills in both L1 and L2, we will be able to identify the respective
contribution of L1 and L2 morphological structures to learners’ effective compound word
recognition in L2 Chinese.

Third, the extent of cross-language transfer depends on the degree of learners’ L1 and L2
language proficiency (e.g., Akamatsu, 2005; Wang et al., 2003b). Research shows that Chinese
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learners’ awareness of the morphological structures of Chinese compound words increases as
proficiency increases (Feng, 2003; Xu, 2004). To better understand the effect of proficiency and
to identify the optimal level of proficiency required for efficient compound word recognition,
future research can include various levels of L2 proficiency in one study. In this regard, while the
consideration of logistics and fatigue effects was reasonable, the use of a short form of a Chinese
proficiency test might not suffice. A more comprehensive proficiency test should be used in
follow-up studies.

Fourth, although we controlled for learners’ proficiency in our models, the effects of the
morphological structures could be investigated in a longitudinal study to examine Chinese
learners’ reliance on L1 and L2 writing systems in their L2 word recognition over time and to
identify a developmental trajectory in L2 Chinese learning. Next, it would be useful to examine
the relationships between the acquisition order of the five structures of compound words and
reading comprehension in future studies®. Last, the current investigation could benefit from a
mixed-methods study. For example, qualitative data on learners’ perspective of L1 influences on
learning compound words and the difficulty order of the five types of compounds will
complement the quantitative findings in this study.

Conclusion

This work provided empirical evidence and extended our current understanding to the effect of
morphological features on Chinese compound word recognition. In summary, we found that both
intra-word morphological structures of two-morpheme compound words and readers’ L1s have
significant effects on Chinese compound word recognition. Native readers of Korean seemed to
have an L1-L2 relatedness advantage in reading Chinese than native readers of English. For both
native Korean and English readers of Chinese, however, the subject-predicate and verb-
complement structures were equally challenging, compared to the other three structures that
could be found equivalent in their own L1s.

Notes

1. The current paper focuses on two-character/morpheme compound words wherein each of the

constituent characters represents a morpheme. There are two-character words that represent one

morpheme only and the two constituent characters cannot appear independently for the semantic
representation of the word, e.g., 7> & (sofa) and % % (grapes) (Taft, 2006).

2. This distribution comes from Zhou’s (2005) study based on the 1983 version of the Modern
Chinese Dictionary. The total percentage is less than 100% because of unclassifiable compound
words, as the scholar could not identify the structure of some compound words (Chen &
Duanmu, 2016).

3. Sinosphere learners refer to learners of Chinese as a foreign/second language from pan-Asian
countries or regions that have been historically influenced by the Chinese language and character
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use, such as Korea, Japan, and Vietnam. Non-Sinosphere learners refer to learners from countries
and regions of Indo-European languages.
4. The examples of English compound words are from Carstairs-McCarthy (2002).

5. Adopted from the New HSK Example Test (Level 1V) Il., Reading Comprehension, Part |
(Retrieved from http://www.chinesetest.cn/godownload.do).

6. Retrieved from http://corpus.zhonghuayuwen.org/contactus.aspx.

7. The subject-predicate structure condition had to be excluded from word frequency ANOVA
because its mean frequency was too low due to limited items available in the corpus.

8. An anonymous reviewer suggested this point.

9. A reviewer suggested this point.
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Appendix

Full list of stimuli used in the lexical decision task
Modifier Subject- Verb-object Verb- Coordinative

predicate complement

Ik HE aE VN sii%d
R A% % 1k I il
E A& "Z AR meE TA
RAT S ] E TE hE
) Fi H K i3 95 9B
¥ FR WiE ki E1E
HL i ¥ R ' # W
E I E 3 s i %R
=gl NS S 5 7 L BA wHF
X RE HE i F R
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