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Abstract: This study used online and offline tasks to examine whether proficient Korean learners of
Chinese can analyze the syntactic structure of separable verbs in a native-like manner during real-
time processing. Separable verbs are considered a unique grammar in Chinese, involving an inter-
face of lexicon and syntax. Despite their lexical status, separable verbs occur in the form of syntactic
phrases, with constituents modified by phrase-level rules in syntax. The present study demonstrates
that despite native-like offline judgments on the syntactic analysis of separable verbs, the same gram-
matical information was not utilized in the L2 real-time processing. The results of the experiments
indicate that the structural information of separable verbs was employed less in the L2 online process-
ing due to overreliance on the lexical representations of these compounds. In contrast, it was shown
that L1 speakers could access both syntactic and lexical information associated with separable verbs
during real-time processing. It is suggested that when processing a construction involving an inter-
face of syntax and lexicon, L2 speakers rely heavily on lexicon storage and underutilize structural
information.

Keywords: Shallow Structure Hypothesis; L2 processing; self-paced reading

1. Introduction

A large body of psycholinguistic research has presented mixed results on whether
L2 speakers can process the morphological structure in a native-like manner. Some stud-
ies demonstrate that L2 grammar processing of morphologically complex words can be
guided by structural information just like L1 grammar processing with an increased pro-
ficiency level (e.g., Feldman et al. 2010; Pliatsikas and Marinis 2013; Coughlin and Trem-
blay 2015; Foote 2017). However, several studies on L2 morphological processing provide
evidence that L1 and L2 speakers employ qualitatively distinct processing systems and ex-
plain the L1-L2 differences in terms of the Shallow Structure Hypothesis (hereafter, SSH)
(Silva and Clahsen 2008; Clahsen and Neubauer 2010; Clahsen et al. 2013, 2015; Kirkici
and Clahsen 2013; Heyer and Clahsen 2015; Farhy et al. 2018; Jacob et al. 2018; Song et al.
2020). The SSH was first proposed to account for nontarget-like grammatical processing by
L2 speakers during real-time sentence processing (Clahsen and Felser 2006a, 2006b). The
SSH suggests that L1 grammar processing predominantly relies on structural information,
whereas even highly proficient L2 speakers tend to underuse structural information rela-
tive to non-structural information. For instance, native speakers may display sensitivity to
grammatical violations during real-time processing when reading sentences involving an

agreement violation like “* He like to play tennis”. In contrast, even proficient L2 speakers
are less likely to detect the agreement violation as they tend to depend heavily on the lexi-
cal meaning of words. Recent research indicates that SSH can also apply to the structural
analysis of morphologically complex words. This is evidenced by L2 speakers showing
less sensitivity to morphological structures and tending to depend heavily on informa-
tion stored in the lexical storage, including surface forms in their lexical storage (Silva and
Clahsen 2008; Clahsen and Neubauer 2010; Kirkici and Clahsen 2013) and semantic con-
40/). ditions or orthographic overlaps (Heyer and Clahsen 2015; Clahsen et al. 2013, 2015; Song
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et al. 2020). Therefore, it has been postulated that L2 speakers, due to their overreliance
on non-structural information, are not able to construct detailed structural representations
of morphologically complex words during real-time processing at the same level as native
speakers. While the majority of studies on L2 morphological processing have focused on
inflection and derivation, the present study aims to test the SSH based on a unique type
of Chinese compound that has dual status as both a word and phrase. Separable VO com-
pound verbs (hereafter separable verbs) are considered a gray area involving an interface
of lexicon and syntax in the Chinese language (Packard 2000). Although separable verbs
are recognized as words listed in the lexicon in their base form, they behave as a VP-like
structure, with each constituent modified via syntactic operations as in (1). Danxin carry-
heart ‘worry’ in (1) is a word with a specialized meaning whose internal meaning should
not be further analyzed via phrase-level rules in accordance with the Lexical Integrity Prin-
ciple (Huang 1984; Di Sciullo and Williams 1987; Bresnan and Mchombo 1995). Yet, it is
syntactically reanalyzed into a VP, with each constituent behaving as a verb and an object
respectively.

(1) a  Compound b. Syntactically reanalyzed compound
Danxin Dan-le tade xin
carry heart carry-PERF he POSS heart
“to worry’ ‘worried about him’

Exploring the L2 processing of separable verbs, which are linguistically ambiguous
between words and phrases, can help determine whether these speakers rely more on
non-structural (lexical-semantic) information than structural information during real-time
grammar processing. The dual nature of separable verbs consistently proves problem-
atic for L2 speakers from various L1 backgrounds in syntactically analyzing these forms
in both written and spoken production, as they often depend on their lexical represen-
tations (Cao 2020; Zhang 2018; Wang 2015; Yang 2006). Yet, separable verbs are intro-
duced early in Chinese language instruction, and previous studies utilizing offline tasks
have demonstrated that as L2 speakers gain more exposure to Chinese language learn-
ing, their understanding of the syntactic structure associated with these words improves
(Zhou and Li 2015; Shen 2019).

Although traditional offline tasks, such as acceptability judgment task (AJT) and gram-
maticality judgment task (GJT), have shown a positive correlation between proficiency and
L2 acquisition of the syntactic structure related to separable verbs, they provide little in-
sight into the online processing of this construction by L2 speakers. These tasks do not
simulate real-time processing pressures, offer participants time to monitor responses, and
often involve explicit metalinguistic knowledge, which differs from real-time processing’s
reliance on implicit linguistic knowledge acquired through language exposure (Ellis 2005;
Paradis 2009). Consequently, offline tasks may not capture the automatic and subcon-
scious nature of online language processing fully (Segalowitz 2003). Against this back-
ground, this study adopts a self-paced reading task (SPRT) to capture L2 speakers’ online
processing of separable verbs, providing insight into the use of grammatical information
during real-time reading. By monitoring reading times for words or phrases region by re-
gion, SPRT can identify which structures are challenging and when these difficulties arise
(Just et al. 1982). This granular data can uncover the mechanisms of L2 grammatical pro-
cessing, offering an implicit measure less influenced by metalinguistic knowledge (Marinis
et al. 2005). Hence, this study employs SPRT to investigate whether proficient L2 Chinese
speakers can analyze the syntactic structure of Chinese separable verbs during real-time
reading comprehension, minimizing attention to grammatical information.

The paper is organized as follows: Section 2 introduces the linguistic properties of
Chinese separable verbs and discusses the previous studies on the L2 acquisition of sep-
arable verbs; Section 3 explains the methodology used in the study; Section 4 reports the
results of the experiment; Section 5 discusses the findings of the research; and Section 6
concludes the paper with directions for future research.
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2. Background
2.1. Chinese Separable Verbs

In Chinese, a compounding construction can be identified as a word if it fulfills the
following conditions: (a) it contains at least one bound morpheme; (b) it has a specialized
meaning; and (c) constituents cannot be separated via syntactic operations (e.g., Chao 196§;
Li and Thompson 1981; Packard 2000). If a construction violates all the conditions in the
lexicality criteria, it is recognized as a syntactic phrase. For instance, he-tang drink-soup,
‘drink soup’ is a syntactic VO phrase because its constituents are free morphemes, with
its meaning compositionally computed. Additionally, there is no restriction on separating
the constituents of he-tang via syntactic operations, as illustrated in (2).

2) wo he-le wo didi dian de tang
I drink-perf I brother order DE soup
‘I drank the soup my brother ordered.’

On the other hand, dong-yuan move-person, ‘mobilize’ is a fully lexicalized compound
whose constituents are completely inseparable. Furthermore, it has a specialized meaning
that cannot be deduced compositionally. Being a transitive verb, it can also take a direct
object, as in (3).

3) Tamen  zhe ci dongyuan-le san bai ge ren
They this time mobilize-PERF  three  hundred CLASS  person
“They mobilized 300 people this time.’

While fully lexicalized words and syntactic phrases can be distinguished straightfor-
wardly, the linguistic status of separable verbs like shui-jiao sleep-sleep ‘sleep” and kai-che
drive-car ‘drive’ remains up for debate due to their dual status as words and phrases.
Although separable verbs are conventionally treated as single lexical units, as evidenced
by their listing in modern Chinese dictionaries, they often occur in the form of syntactic
phrases with constituents detached from each other by other linguistic elements. Separable
verbs are often viewed as a linguistic phenomenon corresponding to noun incorporation
in Chinese (Huang et al. 2009; Luo 2022; Wang 2022), in which a noun, usually the object of
a verb, is incorporated into the verb to form a complex predicate (Mithun 1984). One of the
typical characteristics of noun incorporation is that the incorporated noun does not refer
to a specific entity but merges into the verb to create a verb-object construction denoting
a generic or institutionalized activity (Badan 2013; Luo 2022; Wang 2022). For instance, in
kai-che drive-car ‘drive’ the noun che ‘car’ does not refer to a specific entity of a car but is
integrated into the verb to form a complex predicate meaning the generic activity of ‘driv-
ing’. Many instances of separable verbs are formed by spelling out a dummy object typical
of or synonymous with the corresponding verb, as in shui-jiao v.sleep-n.sleep and pao-bu
run-walk ‘run’ or using a dummy verb as in da-ge hit-hiccup ‘hiccup’ and zuo-meng do-
dream ‘dream’ (Cheng and Sybesma 1998; Badan 2013). Though semantically intransitive,
separable verbs are analyzed into a construction corresponding to a verb+object phrase,
as in the case of pao-bu run-step ‘run’ presented in (4). However, although the nominal
constituent is analyzed as a syntactic argument in (4), the original meaning of the con-
struction remains unchanged, with the noun semantically incorporated into the verb even
after being syntactically modified. The syntactically modified phrase maintains the origi-
nal specialized meaning of ‘run’ instead of describing the event of ‘running a step’, where
the object is semantically interpreted as an argument of the verb.

4) biye zhigian  yao hui xuexiao  pao  zuihou yi-ci bu.
graduate before need return school run last one-CL  step
‘(I) would like to return to school and run for the last time before graduating.’

Furthermore, there are also a considerable number of separable verbs that cannot eas-
ily fit into the categories of dummy object or dummy verb constructions. Examples include
separable verbs such as /i-fa manage-hair, ‘get a haircut’, and xi-zao wash-bath ‘shower’,
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where the object constituent is not semantically redundant or synonymous with the verb
constituent. The nominal constituent can be analyzed as a syntactic argument as it is given
a syntactic slot as an object, as is the case with the syntactic modification of the separable
word li-fa ‘get a haircut’ in (5).

) Wo li-le ge shi-yuan de fa
I manage-PERF CL ten-Yuan DE hair
‘I got a haircut that costs 10 Yuan.’

Though analyzed as the syntactic argument, the nominal constituent fa ‘hair’ cannot
serve as a semantic argument to the verb /i ‘manage’ as it does not refer to a specific entity
of hair belonging to a certain individual. Instead, the meaning of the object is incorporated
into the verb, and the resulting complex predicate refers to an institutionalized activity of
‘getting a haircut’. Hence, the modifier shi-yuan '10 yuan’ in (5) does not modify the object
constituent to convey the meaning of ‘a specific individual’s hair that is worth 10 yuan’.
Instead, it modifies the entire VO construction and conveys the meaning of ‘receiving an
activity of getting a haircut, which costs 10 yuan.” Such a mismatch in syntax and seman-
tics presents difficulties in establishing a clear-cut definition of separable verbs in linguistic
terms. From the lexicalist viewpoint, separable verbs exhibit similarities to fully lexicalized
words due to their specialized meanings and bound morpheme compounding. As such,
lexicalist theories view separable verbs as words subject to grammatical operations for con-
textual sentence needs (Chi 1985; Packard 2000). On the contrary, syntax-oriented accounts
emphasize their separability and consider them as idiomatic phrases stored in the lexicon,
even when not separated (Huang 1984; Her 1997).

Although there are theoretical concerns regarding the distinction between separable
verbs with and without dummy elements, they are often grouped under the same cate-
gory in L2 Chinese instruction, as pedagogical grammar tends to be simplistic and incom-
plete instead of reflecting the entire picture of linguistic knowledge (Ionin and Montrul
2023). Frequently used dummy constructions such as chi-fan eat-rice ‘eat’ and zuo-meng
do-dream ‘dream’ are not distinguished from non-dummy constructions in L2 Chinese
instruction. Moreover, separable verbs are introduced as lexical items along with fully
lexicalized words, with emphasis on their specialized or lexicalized meaning (Lii 2008).
Despite the distinction between dummy and non-dummy constructions in terms of their
syntactic nature and degree of lexicalization, the present study applied a broad definition
of separable verbs by treating them under the same category, in order to reflect the current
model of pedagogical instruction. However, attempts were made to minimize the num-
ber of dummy constructions by completely excluding those consisting of a dummy verb.
As for the separable verbs with a dummy object, only a few of those used with high fre-
quency were included as test items in the present study. More details on the test items are
described in a later section.

In an attempt to investigate the L2 online processing of separable verbs, the present
study concerns whether L2 speakers can identify the syntactic structure of separable verbs
and non-lexical VPs when reading these words during reading comprehension. While
non-lexical VPs should be handled mainly via syntactic computation, online processing
of separable verbs may involve two independent linguistic domains, lexicon, and syntax.
Non-lexical VPs are not listed in the lexicon, and hence, their structure should only be com-
puted as phrases consisting of a verb and an object (e.g., [VP [V’ [V jia ‘add] [NP [N’ [N
shui‘water]]]]). Although separable verbs are represented as single lexical units in the men-
tal lexicon (e.g., [V xizao ‘shower’]), they should be analyzed into a hierarchically deeper
structure (e.g., [VP [V’ [V xi “‘wash’] [NP [N’ [N zao ‘bath’]]]]) than fully lexicalized com-
pounds for further syntactic modification. Hence, the present study aims to test whether
L2 speakers can process the structural information as well as the lexical representations of
separable verbs during real-time reading comprehension. Table 1 summarizes the compar-
ison of non-lexical VPs and separable verbs regarding their syntactic and lexical-semantic
properties.
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Table 1. Characteristics of VO Phrases and Separable Verbs.

Structure Syntact.l ¢ Lexicality Constituents Meaning
Analysis
VO Phrase Available Non-lexical Free II;(:I}; hemes Compositional
Separable Verb Available Lexicalized At least one Non-

Bound Morpheme compositional

2.2. Prior Studies on L2 Acquisition of Separable Verbs

The previous studies on learners’ usage of separable verbs (Cao 2020; Zhang 2018;
Wang 2015; Yang 2006) show that regardless of different L1 backgrounds (e.g., Korean,
English, Thai, Japanese, Indonesian, etc.), learners display converging error patterns of
treating separable verbs strictly as words. These studies attribute L2 learners’ difficulty
with separable verbs to their overreliance on the L1 translation equivalent. Because vocab-
ularies are commonly introduced with meaning translated into learners’ L1 in L2 instruc-
tion, strong connections are built between L2 words and their L1 translation equivalents
in the bilingual lexicon (Jiang 2000, 2002). Consequently, L2 learners tend to transfer the
morpho-syntactic information of L1 words and produce grammatically incorrect usages
of the corresponding words in L2. This pattern is also frequently observed in L2 usages
of separable words, for which learners apply the syntactic structure of their L1 translation
equivalents. For instance, the separable verb bang-mang help-busy ‘to help’ is translated
into a single word in Korean (top-ta ‘help’). Since bangmang behaves as a transitive VP-like
structure on its own, it is unable to take a direct object. Instead, what should be realized
as a direct object must occur in the form of modification on the object constituent mang, as
shown in (6a). However, Korean learners of Chinese are likely to treat bangmang as fully
lexicalized compounds and place a direct object after it based on the transitive argument
structure of the L1 translation equivalent (e.g., ne-ka ku-lul top-ta I-NOM he-ACC help ‘I
help him.’) as in (6b). Furthermore, overreliance on lexical representations of separable
verbs hinders L2 learners from using aspect markers correctly on these words. Instead of
attaching an aspect marker to the verb constituent morpheme (e.g., (7a)), L2 learners prefer
to place an aspect marker at the end of the entire construction, as in (7b).

(6) L2 grammar errors on bangmang ‘help’
a. Wo yao bang ta de mang
I will help he POSS busy
‘I will help him.”
b. *wo yao bangmang ta
I will help he
) L2 aspect marking error on jie-hun tie-wedding ‘to marry’
a. Ta hai mei jie-guo hun
he yet not tie-EXP marriage

‘he has not married yet.’

b. *Ta hai mei jiehun-guo.
He yet not marry-EXP

In addition to the negative L1 lexical transfer, insufficient coverage of the target gram-
mar has been pointed out as one of the main sources of the difficulty for learners to suc-
cessfully acquire the syntactic variations of separable verbs (Lii 2008; Cao 2020). More-
over, since separable verbs are far more frequently separated in spoken than formal con-
texts (Wang 2009; Siewierska et al. 2010), learners, who are exposed to the target language
mainly through classroom instruction, receive limited input on the syntactic variations of
these words.
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Despite the difficulties of separable verbs in L2 acquisition, recent studies using gram-
maticality judgment tasks (Shen 2019; Gao et al. 2022) demonstrate that L2 learners can
improve their structural awareness of separable verbs with increased experience with L2
instruction. Shen (2019) used a series of offline tasks, including a cloze task, a familiarity
task, and a grammaticality judgment task, to test L2 learners of different instruction lev-
els (1st to 3rd-year levels) on the syntactic status of separable verbs. The overall result of
the study indicates that learners” experience with formal instruction significantly impacts
their knowledge of the phrasal usages of separable words. Although the accuracy rates
were relatively low even at the 3rd year level, learners’ abilities to (a) identify the syntactic
structure of separable words and (b) detect errors in incorrectly separated usages enhanced
as their proficiency level progressed. Using a timed grammaticality judgment task (GJT),
Gao et al. (2022) also found that L2 learners can improve their ability to identify the syn-
tactic structure of separable verbs with an increase in proficiency, despite the low level
of accuracy in using the syntactically analyzed forms in an oral production task. In the
timed GJT, the participants were given 10 s to respond to a sentence including either a
grammatical or ungrammatical usage of separable verbs in phrasal forms (e.g., xi-guo-zao
wash-EXP-bath ‘to have showered’ vs. *xizao-guo shower-EXP). The results of the timed
GJT showed that learners’ accuracy in grammatical judgment was positively mediated by
their L2 Chinese proficiency score.

Although the previous study based on untimed and timed judgment tasks suggests
that L2 learners can improve structural knowledge of separable verbs through increased
experience with the target language, it is unclear whether the relevant knowledge can be
utilized during real-time comprehension in L2. Previous psycholinguistic studies suggest
that even after having acquired target-like knowledge of a certain structure, it may not
necessarily be accessed by L2 speakers online due to overreliance on non-structural infor-
mation in the L2 processing system, in line with the SSH (e.g., Felser and Cunnings 2012).
Therefore, the present study employed both an offline acceptability judgment task (AJT)
and an online self-paced reading task (SPRT) to investigate whether L2 speakers can use
the relevant grammatical information to analyze the syntactic structure of separable verbs
during real-time sentence comprehension.

2.3. Shallow Morphological Processing in L2

The Shallow Structure Hypothesis (SSH) proposes that L1 and L2 processing share
the same mechanisms, but the L1/L2 difference can be attributed to learners’ inability to
employ grammatical structure efficiently during online processing (Clahsen and Felser
2006a, 2006b). Although the SSH was first introduced to explain nonnative grammatical
processing during real-time sentence reading, it has also been attested in a series of L2
morphological processing studies (e.g., Silva and Clahsen 2008; Clahsen and Neubauer
2010; Clahsen et al. 2013; Kirkici and Clahsen 2013; Heyer and Clahsen 2015; Song et al.
2020). Studies on morphologically complex words in English, German, and Turkish using
a masked priming paradigm present that L2 learners are less likely to analyze the morpho-
logical structure of inflected or derived words due to their overreliance on non-structural
information (Silva and Clahsen 2008; Heyer and Clahsen 2015; Kirkici and Clahsen 2013).

These studies explain the L1-L2 difference in morphological processing in terms of
the declarative/procedural (DP) model, which posits qualitatively different processing sys-
tems for L1 and L2 (Ullman 2001, 2014). Under the D/P model, declarative memory un-
derlies stored knowledge of words, phrases, or linguistic chunks learned as explicit facts,
whereas procedural memory subserves grammatical structural building or combinatorial
rules of language. The DP model assumes that procedural memory is less involved in
grammar processing by late L2 learners due to its attenuation after the so-called critical
period. Following the DP model, the previous masked priming studies in English and
Turkish demonstrate that L2 speakers show partially or fully native-like morphological
priming for derived words but not for inflected words and attribute the L1-L2 difference
to overreliance on lexical storage in the L2 processing system (Silva and Clahsen 2008;
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Kirkici and Clahsen 2013). While both derived words are stored as lexical entries along
with base forms, inflected words represent form-function mapping, which is not exhaus-
tively listed in lexical storage. Therefore, the morphological priming of derived words in
L2 processing is interpreted as L2 speakers’ sensitivity to shared lexemes between lexical
entries stored in lexical storage. On the other hand, no morphological priming is obtain-
able from inflected words, which are assumed to involve pure combinatorial processes.

Clahsen et al. (2013) also found supporting evidence for L2 shallow morphological
processing by focusing on a unique linguistic phenomenon called plurals-in-derivation in
English using an offline judgment task and an online eye-movement experiment. The mor-
phological constraint strictly prevents regular plural forms, generated via rule-governed
grammar, from feeding either derivation or compounding (Kiparsky 1982). Consequently,
derived or compound words with a regularly inflected plural form as non-head (e.g., *pigs-
less) are considered far less acceptable than those with an uninflected singular form as non-
head (e.g., pig-less) and marginally less acceptable than irregular plural non-head (e.g., ?
oxen-less). On the other hand, the semantic constraint does not allow any plural forms,
regardless of regularity, to occur as non-heads in compound words (Haskell et al. 2003).
Under the semantic constraint, only singular base forms should occur as the non-head
of derived or compound words, while both regular and irregular plural forms are not al-
lowed to do so (e.g., pig-less, ox-less vs. *pigs-less, *oxen-less). Using offline and online
tasks, Clahsen et al. (2013) show that while Dutch L2 speakers of English demonstrated
native-like sensitivity to the morphological constraint in the offline judgment, their online
processing of plurals-in-derivations was not guided by the same grammatical condition,
showing sensitivity mainly to the semantic constraint. The study attributes the L1-L2 dif-
ference in online performance to the overreliance on lexical storage in the L2 processing
system. While regular and irregular forms are distinguished in the L1 processing via the
involvement of rule-governed grammar, the whole-word representations of both plural
forms retrieved from lexical storage are mainly utilized in the L2 processing. Therefore, L2
speakers only make the semantic or categorical distinctions of singular and plural forms
based on the lexical representations when processing the non-head of multimorphemic
derived words.

A more recent study on English tri-morphemic compounds (Song et al. 2020) provides
additional evidence for shallow morphological processing by demonstrating that L2 pro-
cessing depends more on non-structural information than L1 processing. The study found
that L1 word recognition of tri-morphemic words (e.g., unkindness [[un [kind]]-ness]) was
primed by morphologically related constituents (e.g., unkind), but not by semantically and
formally related non-constituents (e.g., kindness). In contrast, L2 word recognition of tri-
morphemic words was primed by both morphologically related constituents and seman-
tically and formally related non-constituents. The results of this study indicate that while
L1 morphological processing is mainly guided by structural information, L2 speakers tend
to depend more on non-structural information such as semantic and orthographic overlap
when processing multimorphemic words in real time.

Overall, the findings from the studies supporting the SSH suggest that L2 morphologi-
cal processing underuses grammatical information due to overreliance on lexical-semantic
information (e.g., overreliance on surface forms of inflected words stored in lexical storage;
higher sensitivity to semantic or orthographic information of morphologically complex
words). Given this, it is predicted that even proficient L2 speakers may be unable to syn-
tactically analyze separable verbs in phrases during real-time processing. It is assumed
that separable verbs involve two linguistic domains: lexicon, through which correspond-
ing word representations are retrieved (e.g., [V xizao]), and syntax, which is applied to
building syntactic constructions (e.g., [VP [V’ [V xi “wash’] [NP [N" [N zao ‘bath’]]]]). Due
to overreliance on lexical storage, L2 speakers in the present study are predicted to process
separable verbs only via lexicon.
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3. Experiment

The current study examined whether proficient L2 Chinese speakers can integrate the
syntactic status of separable verbs in real-time processing. An offline acceptability judg-
ment task (AJT) and an online self-paced reading task (SPRT) were conducted to examine
whether L2 speakers employ structural information or simply rely on lexical storage when
processing separable verbs online. In the experiment, the target structures include sepa-
rable verbs and non-lexical VPs to examine whether the detailed structural processing is
operative for both constructions or less operative for the former, involving a lexicon-syntax
interface.

Methodology

Each participant completed a self-paced reading and an AJT. After completing the
SPRT and the AJT, only L2 participants were further asked to do a proficiency test and a
language background survey.

a. Participants

32 native speakers of Mandarin Chinese were recruited in Beijing as the control group.
All L1 participants were 18 years of age or older. 32 advanced-level L2 learners were also
recruited from universities located in Beijing as the experiment group. All L2 participants
were L1 Korean speakers enrolled in an undergraduate or graduate program in China at
the time of the study. The mean age of the L2 participants was 22.28 (sd = 2.46), and their
mean length of residence in the country was 4.87 years (sd = 2.99).

b.  Proficiency Test

22 L2 participants were certified for HSK 6 (the highest level of the standardized Chi-
nese proficiency test) and 10 participants for HSK 5 (the second highest level of the stan-
dardized Chinese proficiency test). In order to confirm L2 participants” proficiency at the
time of the experiment, the present study used a 16-item cloze test, which was used as a
placement test by the Chinese language program at a US university in the Midwest. The
proficiency test includes sentences with one blank in them. Each question was answered in
five multiple choices. The proficiency test was administered using a survey from Qualtrics.
The average score of the L2 participants was 13.6 (sd = 1.43) out of 16. 29 participants were
considered to have proficiency beyond the highest level offered by the Chinese language
program of the US university in the Midwest.

c.  Materials for the SPRT and AJT

Test materials were designed to examine whether L2 speakers can process the syntac-
tic analysis of separable verbs online. For this purpose, separable verbs and non-lexical
VPs were included as test items to confirm whether learners can syntactically analyze both
constructions in online and offline conditions. The test items were designed to measure L2
speakers’ ability to analyze the syntactic structure of separable verbs and non-lexical VPs
by focusing on their sensitivity to the verb modification rule on these two constructions.
Separation by an aspect marker or resultative complement was selected as a means to di-
agnose L2 syntactic processing in the present study because it is considered the most com-
mon pattern used in the phrasal usages of separable verbs (Siewierska et al. 2010). Since
an aspect marker or resultative complement targets a verb in syntax, it was included to test
whether participants analyze separable verbs only as words (e.g., *xizao-guo shower-EXP
‘have showered’) or reanalyze them into syntactic constructions consisting of a verb and
an object (e.g., xi-guo-zao wash-EXP-bath ‘to have showered’) during real-time processing.
Given this, the L2 syntactic processing in the present study was inferred from whether a
parser can demonstrate delayed reading times for incorrect verb modification on separable
verbs and non-lexical VPs.
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The test items were created with a2 x 2 design (Condition: SV/VP x Grammar: Gram-
matical/Ungrammatical). 16 pairs of grammatical and ungrammatical separable verbs
and 16 pairs of grammatical and ungrammatical VPs were included as test items. Sepa-
rable verbs were selected from A Dictionary of the Usage of Common Chinese Separable Verbs
(Zhou 2011). Furthermore, attempts were made to minimize the number of separable verbs
consisting of dummy elements by completely excluding those with a dummy verb. As for
the separable verbs with a dummy object, only four of those that are introduced as words
in the early stages of L2 Chinese instruction were included in the test item. These items
include pao-bu run-step ‘run’, shui-jiao sleep-sleep ‘sleep’, hua-bing slide-ice ‘skate’, and
you-yong swim-swim ‘swim’.

Non-lexical VPs were created with the same length as separable verbs with two monomor-
phemic words, and it was ensured that they were not listed in Chinese dictionaries to con-
firm their non-lexicality. The separable verb items and the VP items were controlled in
total constituent frequency (constituent 1 + constituent 2), lexical neighbor size (the num-
ber of words sharing the same constituents), and stroke number. The constituent frequency
was counted from the BCC corpus developed by Beijing Language and Culture University.
One-way ANOVA tests revealed that all three factors were controlled across the separable
verb and the VP conditions. The information on the test items is presented in Table 2.

Table 2. Test Item Information.

Separable Word VP
Constituent Frequency 1,253,100.2 (SD = 1,483,529.0) 959,586 (SD = 704,401.5)
Stroke
Nabor 18.81 (SD =5.32) 16.56 (SD = 3.76)
Lexical 42.5 (SD = 36.85) 34.5 (SD =36.17)
Neighbour ' ) ’ '

The location of an aspect marker or resultative complement modulated the grammati-
cality. The same grammatical rules are applied to both separable verbs and non-lexical VPs.
While an aspect marker or resultative complement is inserted between two constituent
morphemes in the grammatical condition, it is located at the end of a word/phrase in the
ungrammatical condition, as in Table 3a,b.

The region of interest is located in Word 4, and two spillover regions are analyzed in
Words 5 and 6. Since syntactically analyzed separable verbs are considered phrases, an
aspect marker should be attached to the verbal head morpheme. If attached at the end
of the entire construction, this would cause ungrammaticality. The same grammatical-
ity rule applies to the phrase condition. Since VPs are created with two free morphemes
(monomorphemic verb + monomorphemic noun), verb modification must take place to
the right of the verb. Otherwise, it would cause ungrammaticality. In addition, two aspect
markers and two resultative complements (-hao ‘done well’. -wan ‘completely done, -guo
‘experiential aspect’, -zhe ‘progressive aspect’) were used to prevent participants from de-
veloping task strategies, and 4 pairs of grammatical and ungrammatical test items were
created for each aspect marker/resultative complement across separable verb and phrase
conditions. The 64 items (corresponding to 32 grammatical/ungrammatical pairs) were
distributed across two lists in a Latin-square design; each list contained 32 target items:
8 grammatical separable verbs, 8 ungrammatical separable verbs, 8 grammatical phrases,
and 8 ungrammatical phrases.

There were 96 filler items per list. These included 32 sentences testing negation
(16 grammatical, 16 ungrammatical), 32 sentences with relative clauses (16 grammatical,
16 ungrammatical), and 32 items for a different experiment, all of which were grammatical
sentences. The same materials were used for the AJT and SPRT, but the sentences were
presented as a whole.
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Table 3. (a) Sample Stimulus Item for separable verbs. (b) Sample Stimulus Item for VO phrases.

(a)

Grammar w1 W2 W3 W4 W5 W6 W7 W8
Al 5 % PER WIa ATEA ES AT
Grammatical women xian dei ban.wan.gong ranhou keyi qu chifan
we first must handle.finish.work then may go eat
“We must finish our work first then we can go eat.
Grammar W1 w2 W3 W4 W5 Weé W7 W8
Al 7 i A5 Wia AEL % Nz
Ungtl"an;m- women xian dei Ban-gong.wan ranhou keyi qu chifan
e we first must work finish then may go eat
(b)
Grammar W1 W2 W3 W4 (VO) W5 W6 W7 W8
AN * x BUAT & B T T
Grammatical Xiaochen lai wo jia xiu.hao.deng hou jiu xiaban le
Xiaochen come my house fix.well.light after just leave work PERF
“After Xiaochen came to my house and fixed up the light, he just got off work.’
Grammar w1 W2 W3 W4 W5 We W7 W8
AN PS x BATYH & B T 7
Ungtr.arrllm— Xiaochen lai wo jia xiu.deng.hao hou jiu xiaban le
e Xiaochen come my house fix.light.well after just Leave work PERF

d. SPRT: Procedures

Participants performed a non-cumulative, self-paced reading task administered by
Paradigm Software installed on a personal laptop in a quiet room. Subjects were instructed
to read sentences at their own pace on the screen by pressing the spacebar key. Each press
of the spacebar key reveals one region of a sentence, and the previous region disappears
as the subsequent region becomes visible. After reading each sentence, participants were
asked to answer a simple yes/no comprehension question based on the sentence’s content.
Before the test session, participants completed a practice session with eight sample items
to become familiar with the task format.

e.  AJT: Procedures

After completing the self-paced reading task, participants were asked to complete an
acceptability judgment. The AJT was administered using a survey form on Qualtrics. Rat-
ings were given on a 5-point scale, with 1 indicating “totally unacceptable” and 5 indicating
‘totally acceptable.” There was no time limit for the AJT, and participants could take as
much time as needed to respond. In the AJT, the participants were given the same list of
items as in the SPRT.
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f. Predictions

Chinese native speakers are expected to show sensitivity to ungrammatical verb mod-
ification at the end of the entire construction for both separable verbs and non-lexical
VPs. In contrast, L2 shallow morphological processing predicts that L2 speakers may not
demonstrate native-like sensitivity to incorrect verb modification on separable verbs be-
cause it is assumed that the L2 processing system relies heavily on the lexical representa-
tions of morphologically complex words. To apply verb modification correctly, a separable
verb should be analyzed into a syntactic phrase whose structure is hierarchically deeper
than a single lexical item. Yet, since L2 morphological processing prioritizes lexical storage
over structural information, L2 speakers are predicted to rely heavily on lexical represen-
tations of separable verbs and apply incorrect verb modification at the end of the entire
compound during real-time processing.

As for the non-lexical VPs, a possible scenario is that target-like structural processing
is operative in L2 for such simple syntactic constructions consisting of two morphemes.
Since non-lexical VPs do not have lexical representations, there is less demand for L2 speak-
ers to process syntactic and lexical information in parallel in this case. With sufficient re-
sources available to process the structural information, L2 speakers may be able to build
syntactic representations of non-lexical VPs in a native-like manner. Hence, L2 speakers
are predicted to display native-like sensitivity to aspect marking violations on non-lexical
VPs based on the correct syntactic representations.

4. Results
4.1. Acceptability Judgment Task

The descriptive results for the AJT are given in Figure 1. L1 and L2 participants rated
grammatical items higher than ungrammatical items across different structure types (sepa-
rable verbs and non-lexical phrases). The dependent measure was ordinal (a 5-point scale),
so a cumulative link mixed model was run to analyze the ordinal data using the clmm()
function in R (in the ‘ordinal” package, Christensen 2022). Two analyses were conducted
for the AJT data. The first analysis compared L1 and L2 offline performances in the AJT.
Only the L2 data were analyzed in the second analysis, with proficiency scores included as
a continuous variable in the model. In order to maintain consistency with the self-paced
reading data, which excluded one L2 participant who failed to meet the comprehension
cut-off (70%), the responses from the same participant were removed from the analysis.

1 L2

45-
4.0-
3.5-
3.0-
25-
2.0-
sc vp sC vp
type

Figure 1. L1 and L2 Means Ratings in the AJT. (SC = separable verbs; VP = non-lexical verb phrase).

as.factor(grammar)

M oo
. ungram

response
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4.1.1. Analysis 1: L1 and L2 Group Comparison

L1 and L2 groups were compared based on their performance in the AJT. The fixed
effects were Type (2 levels: Separable Verb vs. Phrase), Grammar (2 levels: Grammatical
vs. Ungrammatical), and Group (2 levels: L1 vs. L2). The model also included both by-
participants and by-items random intercepts. Based on the results of the anova() function,
the model containing a three-way interaction was selected for the analysis.

The model output is given in Table 4. The model yielded significant main effects of
Grammar (Estimate = —3.23, SE = 0.18, z = —18.03, p < 0.001), Group (Estimate = —1.30,
SE=0.17, z= —7.75, p <0.001), but no effect of Type. There was a significant interaction of
Grammar and Group (Estimate = 2.87 SE = 0.24, z = 12.06, p < 0.001), but no other interac-
tions were significant. The interaction was explored using the emmeans() function (Lenth
2020). The pairwise comparison revealed that the grammatical items were rated signifi-
cantly higher than the ungrammatical items by both L1 (Estimate =3.41, SE=0.14, z=24.68,
p <0.0001) and L2 groups (Estimate = 0.71, SE = 0.12, z = 6.04, p <0.0001). The comparison
further revealed that the ratings for ungrammatical items were significantly higher in the
L2 group than the L1 group (L1 Grammatical-L2 Grammatical: Estimate =1.17, SE =0.12,
z = 9.53, p < 0.0001), but those for the grammatical items were lower in the L2 group
than in the L1 group (L1 Ungrammatical-L2 Ungrammatical: Estimate = —1.53, SE =0.12,
z=—12.50, p <0.0001).

Table 4. L1 and L2 AJT Analysis.

Coefficients:

Estimate SE z Value Pr(>1zl)

Type [Phrase] 0.12 0.21 0.60 0.55
Grammar [Ungram] —-3.24 0.18 —18.00 <0.001 ***
Group [L2] —-1.22 0.17 —7.22 <0.007 ***

Type [Phrase]:Grammar [Ungram] —0.34 0.24 —1.44 0.15
Grammar [Ungram]:Group [L2] 2.84 0.24 11.80 <0.001 ***

Type [Phrase]:Group [L2] 0.11 0.24 0.48 0.63

Type [Phrase]:Grammar _ _
[Ungram]:Group [L2] 0.28 0.33 0.83 0.41

***p<0.001.

The model output shows that the L1 and L2 groups demonstrated similar patterns
as they rated the correctly verb-modified items above the ungrammatical items across the
separable verb and non-lexical VP conditions. However, the interaction between Gram-
mar and Status indicates that the L2 grammatical judgment was not as decisive as the L1
judgment.

4.1.2. Analysis 2: Effects of Proficiency

The L2 AJT data were further analyzed to examine whether proficiency mediates the
attainment of explicit knowledge. The model for Analysis 2 was run to analyze the L2
data only using the clmm() function in R. The model included Type (2 levels: Separable
Verbs vs. Phrases); Grammar (2 levels: Grammatical vs. Ungrammatical); and Proficiency
(a continuous variable) as fixed effects. The continuous variable was centered using the
scale() function. The model also included by-participants and by-items random intercepts.
A three-way interaction (Type*Grammar*Proficiency) was also introduced into the model.
The model output is presented in Table 5.

The model yielded a main effect of Grammar (Estimate = —0.43, SE = 0.17, z = —2.58,
p < 0.02), indicating that L2 speakers rated the ungrammatical items significantly lower
than the grammatical items. There was also an interaction of Type and Grammar (Esti-
mate = —0.67, SE=0.24, z= —2.82, p <0.005). A posthoc pairwise comparison revealed that
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ratings for the grammatical were higher than the ungrammatical items for separable verbs
(Grammatical Separable Verb—-Ungrammatical Separable Verb: Estimate = 0.43, SE = 0.17,
z=2.57,p<0.05) and for VPs (Grammatical VP-Ungrammatical VP: Estimate =1.09, SE=0.17,
z=6.36, p<0.0001). The interaction of Grammar and Type indicates that although L2 speak-
ers could detect verb modification violations for both separable verbs and non-lexical VPs,
the level of sensitivity was higher for the latter. No main effect of Proficiency was obtained
from the model, and it did not interact with any other main effects.

Table 5. L2 AJT Analysis with Proficiency.

Coefficients:

Estimate SE z Value Pr(>1zl)
Type [Phrase] 0.27 0.25 1.09 0.28
Grammar [Ungram] —043 0.17 —2.58 0.01*
Proficiency -0.13 0.21 —0.64 0.52
Type [Phrase]:Grammar [Ungram] —0.67 0.24 —2.82 0.004 **
Type [Phrase]:Proficiency —0.09 0.17 0.52 0.60
Grammar [Ungram]:Proficiency —0.27 0.16 —1.68 0.09.
Type [Phrase]:Grammar 0.07 0.24 0.30 076

[Ungram]:Proficiency
*p<0.05,*p<0.01.

4.2. RT Analysis

The comprehension question accuracy rate was 90% for the L1 group and 84% for
the L2 group. The accuracy rates show that the participants were paying attention to the
test sentences. The cut-off for comprehension accuracy was set at 70% (e.g., Foote 2011),
and the data points from one L2 participant were removed from the analysis. Reading
Times below 100 ms were excluded, and RTs over 3 SD away from the mean were also
replaced with the cut-off value (e.g., Wei et al. 2018; Ionin et al. 2021). As a result, 1.8% of
the data points were affected by data trimming. Furthermore, RTs were log-transformed
to improve the normal distribution of the dependent variables. Statistical analyses were
conducted on the critical region (Word 4) and the subsequent spillover region (Word 5).

The log-transformed RT in the target and spillover regions was analyzed via a linear
mixed effects model using the Imer() function in R since the dependent variable was con-
tinuous (Bates et al. 2014). Because the L1 and L2 reading times are significantly different,
the L1 and L2 data were analyzed separately (e.g., Marsden et al. 2018; Ionin et al. 2021;
Ahn 2021). Separate analyses were conducted for the target and spillover regions. As a
result, four separate analyses were conducted: L1 RT on the target region; L2 RT on the
target region; L1 RT on the spillover region; and L2 RT on the spillover region.

The models included Type (2 levels: Separable Verbs vs. VP) and Grammar (Gram-
matical vs. Ungrammatical) as fixed effects. An interaction between Type and Grammar
was also included in the model for each analysis. The model fit was tested for all four
separate analyses. A full model was first considered with the maximal structure includ-
ing by-participant and by-item random intercepts and a by-participant random slope for
the interaction of Type and Grammar following the suggestions of Barr et al. (2013). The
full model was compared with the model that contained only random intercepts using the
anova() function. The full model either failed to converge or did not improve the model fit
relative to the one only including random intercepts in all four analyses. Hence, the output
of the model only including the random intercepts is reported for the L1 and L2 RT data
in the target and spill-over regions. Figure 2 displays the mean log-transformed reading
time by L1 and L2 participants for each region.
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Figure 2. Mean Log-transformed Reading Time for Each Region by L1 and L2 Participants.

4.2.1. Target Region RT (Word 4)

Two separate linear mixed random effects models were run to analyze the L1 and L2
groups’ RT on the target region. Dependent variables were log-transformed RT. The two
models included Type (2 levels: Separable Verb vs. Phrase) and Grammar (Grammatical
vs. Ungrammatical) as fixed effects with by-participants and by-items random intercepts.
The model also included an interaction between Type and Grammar. The model output
for the L1 data in Table 6 did not yield any main effects or interactions.

Table 6. L1 Target Region RT Analysis.

Fixed Effects:
Estimate SE t Value Pr>1tl)

(Intercept) 6.07 0.08 79.18 <0.001 ***
Type [Phrase] 0.03 0.07 0.50 0.62
Grammar [Ungram] 0.03 0.07 1.27 0.20
Type [Phrase]:Grammar _0.02 0.05 040 0.69
[Ungram]

) <0.001.

The L2 RT model output in Table 7 revealed no main effect, but there was a significant
interaction between Type and Grammar (Estimate = 0.11, SE = 0.05, t =2.72, p <0.03). The
interaction was explored using the emmeans() function. The pairwise comparison shows
that the L2 group slowed down significantly on the incorrectly verb-modified items rela-
tive to the grammatical items in the VP condition (Grammatical VP-Ungrammatical VP:
Estimate = —0.09, SE =0.04, t= —2.71, p <0.05). In contrast, no difference in the RT was ob-
tained between the grammatical and ungrammatical items in the separable verb condition.
In the target region, the L1 group did not show any sensitivity to grammaticality, whereas
the L2 group was sensitive to the incorrect aspect marking only for the phrase items.
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Table 7. L2 Target Region RT Analysis.

Fixed Effects:

Estimate SE t Value Pr1tl)
(Intercept) 7.00 0.05 127.65 <0.001 ***
Type [Phrase] 0.02 0.06 0.39 0.70
Grammar [Ungram] —0.02 0.04 —0.53 0.60
Type [Phrase]:Grammar 011 0.05 27 0.02 *
[Ungram]

¥ <0.001, * p<0.05

4.2.2. Spillover Region 1 (Word 5)

The model output for the L1 RT in the spillover region is given in Table 8. The model
yielded a significant main effect of Grammar (Estimate = 0.09, SE = 0.03, t = 0.17, p < 0.01),
suggesting that the L1 group slowed down for the ungrammatical items relative to the
grammatical items in the spillover region. There was a significant interaction between
Type and Grammar (Estimate = 0.12, SE = 0.04, t = 2.82, p < 0.01). The interaction of Type
and Grammar was explored using the emmeans() function. The posthoc pairwise compari-
son revealed that the L1 speakers slowed down on the ungrammatical items relative to the
grammatical items in both separable verbs (Estimate = —0.09, SE = 0.03, t = —2.82, p <0.03)
and non-lexical VPs (Estimate = —0.21, SE = 0.03, t = —6.74, p < 0.0001). The pairwise com-
parison also revealed no difference in RT between grammatical VP and ungrammatical
separable verb items. This suggests that incorrect verb modification of separable verbs
did not cause much interruption to the L1 readers to the level that it could be processed
as fast as grammatically verb-modified non-lexical VPs. Despite the interaction of Type
and Grammar, the main effect of grammaticality indicates that L1 speakers could still an-
alyze the syntactic structure of separable verbs and apply the relevant grammatical rule
during the online task. The L2 RT model output in Table 9 did not yield any main effects
or interactions.

Table 8. L1 Spillover Region RT Analysis.

Fixed Effects:
Estimate SE t Value Pr(>1tl)
(Intercept) 6.06 0.07 85.55 <0.001 ***
Type [Phrase] 0.01 0.07 0.17 0.86
Grammar [Ungram] 0.09 0.03 2.82 0.005 **
Type [Phrase]:Grammar [Ungram] 0.12 0.04 2.79 0.005 **
) <0.001, ™ p < 0.01.
Table 9. L2 Spill-over Region RT Analysis.
Fixed Effects:
Estimate SE t Value Pr(>1tl)
(Intercept) 6.44 0.05 136.77 <0.001 ***
Type [Phrase] —0.06 0.06 —1.01 0.32
Grammar [Ungram] 0.00 0.03 0.05 0.96
Type [Phrase]:Grammar [Ungram] 0.04 0.05 0.80 0.43

5 <0.001.
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4.2.3. Effects of Proficiency on L2 RT

It was examined whether the proficiency level modulates the L2 speakers’ sensitivity
to the grammatical errors in the phrases and compounds during the online task. Since
there was a significant result only in the target region for the L2 speakers, the analysis was
only conducted for the L2 learners’ RT in the target region. A linear mixed effects model
was run using the Imer() function in R. The model included Condition (2 levels: Separable
Verbs vs. Phrases); Grammar (2 levels: Grammatical vs. Ungrammatical); and Proficiency
(a continuous variable) as fixed effects. The continuous variables were centered using the
scale() function. A three-way interaction of Type*Grammar*Proficiency was introduced in
the model. The model also included by-participants and by-items random intercepts. The
model output is given in Table 10.

Table 10. L2 Target Region Analysis with Proficiency.

Fixed Effects:

Estimate SE t Value Pr(>1tl)
(Intercept) 7.01 0.05 133.76 <0.007 ***
Type [Phrase] 0.02 0.06 0.37 0.71
Grammar [Ungram] —0.02 0.04 —0.49 0.63
Proficiency —0.13 0.04 —3.08 0.003 **
Condition [Phrase]:Grammar [Ungram] 0.12 0.05 2.33 0.02*
Condition [Phrase]:Proficiency 0.00 0.03 0.32 0.75
Grammar [Ungram]:Proficiency 0.00 0.03 0.25 0.80
Condition [Phrase]:Grammar 0.06 0.05 1.60 011

[Ungram]:Proficiency
5 <0.001, ™ p < 0.0, * p < 0.05.

The model yielded a main effect of Proficiency, indicating faster reading with in-
creased proficiency (Estimate = —0.13, SE=0.04, t= —3.08, p <0.005.). However, the effect of
Proficiency did not interact with any other variables in the model. There was a significant
interaction between Type and Grammar (Estimate=0.12, SE=0.05, t=2.33, p <0.03). A post
hoc pairwise comparison was conducted using the emmeans() function. The pairwise com-
parison revealed that L2 speakers slowed down on the ungrammatical items relative to the
grammatical items in the phrase condition (Grammatical Phrase-Ungrammatical Phrase:
Estimate = —0.12, SE = 0.04, t = 2.96, p < 0.05). In the separable verb condition, there was
no difference in the RT between the grammatical and ungrammatical items. The model
output indicates that L2 speakers may not be able to enhance the ability to analyze the syn-
tactic structure of the separable verbs during real-time processing even with an increased
proficiency level.

5. Discussion

This section discusses the results of the AJT and SPRT experiments, focusing on
whether L2 speakers can process the syntactic analysis of separable verbs during real-time
comprehension. In the experiments, the ability to analyze the syntactic structure of separa-
ble verbs and non-lexical VPs was determined by whether L2 speakers could demonstrate
native-like sensitivity to verb modification violations on these constructions. The main
results are summarized as follows:

—  In the offline judgment task, both L1 and L2 speakers found the ungrammatical verb
modification on separable verbs and non-lexical VPs less acceptable than the gram-
matical verb modification condition. Though not completely target-like, proficient
L2 speakers in the present study have developed target-like syntactic awareness of
separable verbs and non-lexical VPs.
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—  In the online task, the main effect of grammaticality in the L1 RT data indicates that
L1 speakers could analyze the syntactic structure of separable verbs and non-lexical
VPs by showing sensitivity to incorrect verb modification on both constructions. Yet,
the interaction of grammaticality and compound type in the L1 RT data indicates
that the lexical status of separable verbs elicited reduced sensitivity to incorrect verb
modification on separable verbs relative to non-lexical verb phrases. Overall, L1 RT
data suggests that L1 speakers can analyze the syntactic structure of separable verbs
while activating their lexical representations during real-time processing.

-  In the L2 RT data, no main effect was found but an interaction of grammaticality
and compound type. The interaction indicates that L2 speakers could analyze the
syntactic structure of non-lexical VPs but not for separable verbs, as they failed to
show sensitivity to incorrect aspect marking on the latter (e.g., xizao ‘shower’, *xizao-
guo shower-EXP). The results of the L2 RT data suggest that L2 speakers could not
build syntactic representations of separable verbs during real-time processing due to
overreliance on their lexical representations.

The findings of the present study highlight that proficient L2 speakers may have per-
sistent difficulty constructing detailed grammatical representations of separable verbs dur-
ing online processing despite having reached a relatively high level of proficiency. The
previous studies on L2 acquisition of separable verbs using offline tasks demonstrated the
potential for L2 speakers to develop enhanced explicit knowledge of their syntactic sep-
arability with increased proficiency (e.g., Shen 2019; Gao et al. 2022). In a similar vein,
the results of the L2 offline judgment in the present study found that, though not com-
pletely native-like, proficient L2 speakers can, at least display native-like patterns in terms
of explicit knowledge by demonstrating the ability to identify the syntactic structure of sep-
arable verbs in the untimed AJT. The L2 offline judgments indicate that proficient Korean
L2 speakers of Chinese can to a certain degree, attain the explicit grammatical knowledge
associated with the syntactic status of separable verbs despite the absence of the equivalent
grammar in their L1. Considering that all the L2 participants were undergraduate or grad-
uate students enrolled in degree programs at Chinese universities, the native-like pattern
of the L2 offline judgment can be attributed to their extensive experience with language
learning and immersion in the authentic L2 environment.

Nonetheless, insights from L2 online performance suggest that explicit knowledge,
which is crucial for the syntactic analysis of separable verbs, might not be optimally uti-
lized during online processing. This could potentially stem from L2 speakers’ inclination
to heavily depend on non-structural information or lexical storage over structural infor-
mation, as posited by the Shallow Structure Hypothesis (SSH) (Clahsen and Felser 2006a,
2006b; Clahsen and Felser 2018). Separable verbs are understood as involving an interface
of lexicon and syntax. While they are stored as words in the lexicon, their internal struc-
ture is syntactically analyzed into a VP, which has a hierarchically deeper structure than
a lexical constituent in syntax (e.g., [V xizao] vs. [VP [V' [V xi] [NP [N’ [N zao]]]]). How-
ever, the lack of sensitivity to the syntactic structure of separable verbs in the L2 online
processing implies that L2 speakers may overly depend on the lexical storage, thereby fail-
ing to access the relevant syntactic information during real-time reading comprehension.
Moreover, given that separable verbs denote a unified semantic concept by expressing
a generic or institutionalized activity due to noun incorporation (Luo 2022; Wang 2022),
L2 speakers might lean towards viewing separable verbs as singular linguistic entities
rather than constructions available for syntactic analysis due to their heavy dependence
on lexical-semantic information during online processing. Consistent with the previous
studies that have demonstrated a qualitative difference in L1 and L2 processing of mor-
phological structure (e.g., Silva and Clahsen 2008; Clahsen and Neubauer 2010; Clahsen
et al. 2013; Kirkici and Clahsen 2013), the present shows that even proficient L2 Korean
speakers of Chinese have persistent difficulties building detailed hierarchical representa-
tions of separable verbs despite the native-like patterning in the corresponding explicit
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knowledge, possibly due to heavy reliance on their lexical representations stored in the
mental lexicon or semantic information referring to a single unitary concept.

Another notable finding from the present study is that the L1-L2 similarities were
found in real-time processing: (1) L2 speakers were able to process the syntactic structure
of non-lexical VPs in a native-like manner; (2) both L1 and L2 online processing patterns
were affected by lexical representations of separable verbs. Firstly, the native-like process-
ing of non-lexical VPs in L2 indicates that L2 speakers can build structural representations
of a simple dimorphemic VO construction, which is not stored in the lexicon. However,
the same level of structural processing does not appear to be employed by L2 speakers for
separable verbs, which involve an interface of lexicon and syntax. The native-like process-
ing of non-lexical VPs indicates that detailed structural processing is not completely absent
in L2 but may be less operative when there is a higher demand for integrating structural
information with different types of non-structural information.

Moreover, the interaction of grammaticality and construction type in the L1 and L2
online processing indicates that both L1 and L2 speakers tend to activate lexical repre-
sentations of separable verbs during real-time sentence comprehension. Although the ef-
fect of lexicality on separable verbs was not obtained for either L1 or L2 speakers in the
offline judgment task, it was found to affect both L1 and L2 online processing patterns.
Though different in degrees, L1 and L2 speakers demonstrated reduced sensitivity to as-
pect marking violation on separable verbs (e.g., *xizao-guo shower-EXP) relative to that
on non-lexical VPs (e.g., *jia-shui-guo add-water-EXP) in their online performances. Un-
like in the offline AJT, which focuses on grammatical well-formedness, participants read
sentences to respond to comprehension questions in the SPRT. It can be speculated that
the comprehension-based nature of the SPRT elicited both L1 and L2 speakers to show
a higher level of sensitivity to the semantic information of a word or phrase presented in
eachregion. Asaresult, the lexical representations of separable verbs might have provided
some advantages in identifying the meaning for L1 and L2 speakers via direct access to
the mental lexicon during real-time comprehension. However, while activating the lexical
representations of separable verbs, L1 speakers could still correctly analyze their syntactic
structure, as indicated by the main effect of grammaticality in the L1 RT data. The L1 pro-
cessing of separable verbs indicates that L1 speakers can efficiently access syntactic and
lexical-semantic information during real-time processing. In contrast, it appears that the
lexical-semantic information is prioritized over the structural information in L2 process-
ing. Hence, L2 speakers could not process the syntactic structure of separable verbs as
efficiently as native speakers by failing to show sensitivity to incorrect verb modification
applied to them.

6. Conclusions and Directions for Future Research

The results of the present study are in line with the SSH, which proposes that L2 speak-
ers, even at a highly proficient level, underutilize structural information relative to non-
structural information during real-time processing (Clahsen and Felser 2018). Specifically,
when processing constructions involving an interface of lexicon and syntax, L2 speakers
tend to rely heavily on lexical representations and fail to process structural information to
the level of native-like detail. When there is a demand to process both structural and non-
structural information, L2 speakers rely more on the latter and, hence, build less detailed
structural representations than L1 speakers.

In future research, it is necessary to examine whether the native-like detailed struc-
tural processing of separable verbs can be mediated by the age of acquisition. Though
highly proficient and immersed in the target language environment, all the L2 participants
in the present study were late bilingual speakers, who started learning the language past
the so-called critical period. Under the declarative/procedural (DP) model (Ullman 2001,
2014), procedural memory subserves grammatical processing, whereas declarative mem-
ory pertains to stored knowledge of words, idioms, or grammatical rules explicitly learned
as facts. It is suggested that procedural memory is more likely to be affected by the matu-
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ration process than declarative memory, which continues to develop until early adulthood.
Following the DP model, the L1-L2 difference in structural processing is often attributed
to limited access to procedural memory and active involvement of declarative memory by
adult L2 speakers, whose onset of acquisition mostly takes place later than the adolescent
period. Given this, follow-up research needs to test early bilingual L2 Chinese speakers to
verify whether the age of acquisition is closely associated with the development of a native-
like ability to integrate structural information with non-structural information during the
real-time processing of morphologically complex words.
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