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Abstract

The present study used an online grammaticality judgment task to examine whether

Chinese discontinuous correlative conjunctions are psychologically real in mental

lexicon. High- and low-frequency discontinuous correlative conjunctions were com-

pared with random combinations differing in combination frequencies but matched

for constituent word frequency. Forty graduate students participated in the study.

Results showed that responses were faster and more accurate for high-frequency

correlative conjunctions than low-frequency ones, but the effects were absent for

random combinations. The results indicate that Chinese discontinuous correlative

conjunctions have psychological reality in mental lexicon in addition to the repre-

sentation of their constituent words, and that grammatical functions of correlative

conjunctions may be a critical factor for the formation of such holistic

representations.
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Introduction

Lexical representation and lexical processing is a central topic in word recogni-
tion research. However, attention had been paid mainly to single words. One
basic research finding is that there are lexical representations of words in one’s
mental lexicon and word frequency affects lexical processing. The greater the
frequency, the faster the processing of a word (Balota & Chumbley, 1990;
Seidenberg, 1985). Driven by the latest findings of formulaic languages ubiquity
in natural speech revealed by corpus linguistics (Conklin & Schmitt, 2012), and
the development of linguistic theories tied to language acquisition and represen-
tation like the emergentist models including exemplar- or usage-based models
of linguistic knowledge and representations (Bod, 1998, 2006; Bybee, 1998;
Goldberg, 1995, 2006; Langacker, 1988; Pierrehumbert, 2001; Tomasello,
2003), recent years has seen increased interest on multi-word units. These
units are generally termed formulaic languages including binomials (i.e., bride
and groom), lexical bundles (i.e., don’t worry about that), or compositional
phrases (i.e., don’t have to worry).

Emergentist models proposed that language consists of a set of constructions
varying in size and level of abstractness and that the basic unit of language
acquisition is construction. Language acquisition is a process in which variety
of constructions are acquired (Goldberg, 2006; Tomasello, 2003). Language
learners are sensitive to the statistical properties of a linguistic unit. The repre-
sentation and processing of all linguistic units are subject to the effect of their
statistical properties such as frequency. These findings and related theories are of
importance for understanding the nature of linguistic processing and language
acquisition.

As far as multi-word units are concerned, one critical issue is whether multi-
word units have holistic representations (stored and retrieved as a single unit) in
mental lexicon besides their constituent words as single word or whether the
statistical property like frequency of a multi-word unit affects its processing.

At present, there are only a few studies on multi-word units such as two-word
combinations (e.g., Bell et al., 2003; De Cat, Klepousniotou, & Baayen, 2015;
Durrant & Doherty, 2010; Kapatsinski & Radicke, 2008; Mondini, Jarema,
Luzzatti, Burani, & Semenza, 2002; Sosa & MacFarlane, 2002; Wolter &
Yamashita, 2015) and three- to five-word sequences (Arcara et al., 2012;
Arnon & Cohen Priva, 2013; Arnon & Snider, 2010; Bannard & Matthews,
2008; Cacciari, 2014; Columbus, 2010; Holsinger, 2013; Reali & Christiansen,
2007; Siyanova-Chanturia, Conklin, & van Heuven, 2011; Tremblay & Baayen,
2010; Zhang, Yang, Gu, & Ji, 2013). These studies in general offer some limited
evidence that multi-word units have holistic representations in the mental lexi-
con and the processing of such units is affected by phrasal frequency. For
example, Sosa and MacFarlane (2002) asked participants to monitor the word
of in two-word collocations with high frequency (e.g., sort of ) or low frequencies
(e.g., colleague of ) when hearing sentences. Their hypothesis was that if
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high-frequency, two-word sequences were stored holistically like single words,
no composition processing would occur in retrieving the sequence, and thus
access to their constituent words would be hindered by the holistic processing
in the monitoring task. But such interference effects should not be present in
monitoring low-frequency, two-word sequences without holistic representa-
tion. The results supported their hypothesis. Sosa and MacFarlane found
that participants’ reaction time to of in high-frequency sequences was signifi-
cantly slower than that in low-frequency sequences. With the same task,
Kapatsinski and Radicke (2008) obtained similar results on sequences such
as give up.

Several researchers examined compounds (e.g., chalkboard and blueberry),
but the findings were inconsistent. For example, Juhasz (2007) argued that com-
pounds are firstly decomposed into their individual components (i.e., chalk and
board in chalkboard) during the initial stage of word recognition and then
retrieved based on the access of constituents, suggesting that only the represen-
tations of their individual words are stored in mental lexicon. Other researchers
proposed that both compounds and their constituents can be stored in mental
lexicon. Compounds can be retrieved and accessed by two parallel routes, the
online computation via individual words and the direct retrieval via the holistic
representation. For example, Mondini et al. (2002) examined the processing of
Italian two-word compounds (natura morta /still life) and novel combinations
(natura bella / beautiful nature) by two non-fluent aphasic patients. They found
that the patients performed significantly better on compounds than on novel
combinations. The findings indicated that for novel combinations, their con-
stituents were first retrieved separately and then assembled online via the agree-
ment rules by patients. However, for compounds, they were retrieved as a whole
without any morphosyntactic operations. Such parallel processing in com-
pounds was also supported by eye-tracking studies (Kuperman, Schreuder,
Bertram, & Baayen, 2009).

In recent years, researchers have used more rigorous experimental designs to
examine the representation issues of four-word sequences in children and adults
(Arnon & Snider, 2010; Bannard &Matthews, 2008). For example, Bannard and
Matthews (2008) investigated how two- and three-year-old children repeated the
frequent four-word sequences. In their study, the frequent (e.g., sit in your chair)
and infrequent (e.g., sit in your truck) sequences were different only at the final
word. That is, they differed on phrase frequencies but were identical in other
aspects. Researchers let children hear the utterance of four-word sequences and
then asked them to repeat what they heard. They found that compared with the
processing of low-frequency sequences, children’s responses to high-frequency
sequences were faster and more accurate. The finding indicated that the four-
word sequences were stored as a unit, even in two-year-old children. Arnon and
Snider (2010) further investigated the processing of four-word sequences in
adults and replicated the findings in children.
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Stronger evidence for the holistic representations of multi-word units came
from Tremblay and Baayen (2010) who examined the event-related potential
(ERP) effect in processing four-word bundles presented all at once (e.g., in the
middle of ). The key finding was that there were ERP effects for bundles within
110–150ms after stimuli onset and the effects on P1, N1, and P2 were modulated
by the phrase frequency of four-word bundles. P1, N1, and P2 were three early
ERPs with different peaks within 200ms after stimuli onset, which are usually
associated with attentional processes (and the P2 has also been associated with
stimulus probability, expectancy, and frequency). Because lexical access
occurred in the initial 200ms period of word recognition, and the ERP effects
on N1, P1, and P2 were within this time window, it appeared that the four-word
bundles were stored holistically. Otherwise, no such early ERP effects would
have been observed.

Some researchers also used eye-tracking paradigm to explore the processing
of three-word binomial phrases in both L1 and L2 learners. Siyanova-Chanturia
et al. (2011) investigated the effects of binomial phrase frequency on their
processing when both native and nonnative learners read sentences containing
binomials (e.g., bride and groom) and their reversal form (groom and bride).
The semantics and syntactic were the same in both binominal and the reversal
form. Results showed that both native and nonnative readers could read high-
frequency binominals more quickly. No matter what the phrase frequency was,
the processing of binominals was significantly faster than that of the reversal
form. Moreover, the processing advantage was argued not to be attributed to
predictability (e.g., the first two words bride and would predict the last word
groom in the bride and groom, but groom and would not predict bride in the
reversal form groom and bride). These results suggested that binominals have
been entrenched in memory and that both phrase frequency and the configur-
ation of binominals affect processing.

Evidently, all the aforementioned studies focused on continuous multi-word
units such as collocations, binominals, or lexical bundles. It is unclear whether
findings from continuous multi-word units are able to apply to discontinuous
multi-word units with slots or frames (e.g., as far as . . . concerned,

. . . . . . /because . . . therefore . . . ). Are they psychologically real?
That is, are there holistic representations for the discontinuous multi-word
units in mental lexicon in addition to the representations of the constituent
words? Some early work seemed to imply that there might be strong association
between the constituents of discontinuous word sequences, although it could not
directly answer the issue of holistic representations. For example, Schcaneveldt
and Meyer (1973) conducted a lexical decision study in which they interposed
an unrelated category between the related prime sequence and target (e.g.,
DOCTOR PAPER NURSE) and had participants make a “yes” response if
all three stimuli were words and a “no” response otherwise. With this procedure,
priming still occurred even though the participants were sequentially processing
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the three simultaneously presented items. The present study was intended to
provide direct evidence regarding this issue using discontinuous Chinese correla-
tive conjunctions.

Historically, the Chinese writing system has been viewed as ideographic
because a character, the basic writing unit, maps onto a morpheme. Chinese is
unique in several aspects compared with other languages such as English. For
example, homophonic characters abound in Chinese and above 85% of Chinese
characters are compounds, with a phonetic and semantic radical providing cue for
the pronunciation or meanings of the whole character. Nevertheless, researchers
argued that it may be more appropriate to view the Chinese writing system as
morphemic (e.g., Leong, 1973) or morphosyllabic (e.g., DeFrancis, 1989;
Mattingly, 1992), because a character often maps onto a single syllable morpheme
in the spoken language. In other words, the Chinese writing system is a combin-
ation of sounds and meaning. Furthermore, studies have shown that both Chinese
compound words and their constituents can be stored in mental lexicon (Taft, Liu,
& Zhu, 1999). The present study used discontinuous Chinese correlative conjunc-
tions as materials to further explore the issues on lexical processing and represen-
tations of Chinese multi-word units in addition to compound words.

The materials used were high- and low-frequency Chinese correlative con-
junctions and random conjunction combinations in discontinuous form. In
Chinese, correlative conjunction is one of the types of conjunctions that are
quite familiar for native speakers (Chao, 1970, p. 792). Such conjunctions are
pairs of correlative words which serve to bind clauses together into compound or
complex sentences (e.g., . . . . . . /because . . . therefore . . . ;

. . . . . . /although . . . yet . . . ). In other words, correlative conjunctions pos-
sess clear grammatical function.

In most cases, the correlatives are adverbial conjunctions and can either pre-
cede or follow the subject. Sometimes, either the first or the second of the cor-
relatives is adverb only and never precedes the subject, or is conjunction only
and never follows the subject. For example, in a complex sentence bound by

. . . . . . /neither . . . nor . . . (
./He is neither smart nor brave, but he is always there to help

out in times of danger), the two adverbs never precede the subject. Contrarily, in
a complex sentence bound by . . . . . . /even . . . how much more will-
. . . ( , /Even adults still cannot lift it, how much
more will a child do it), the second word, the conjunction “ ,” cannot
follow the subject.

In Chinese, frequent correlative conjunctions are considered formulaic
sequences assumed to be stored holistically, although direct evidence is still
lacking (Xue & Shi, 2013). Random conjunction combinations here refer to
two-word pairs of conjunctions, which are formed arbitrarily by two conjunc-
tion words and do not have grammatical functions like correlative conjunctions
(e.g., . . . . . . /although . . . still . . . ). In the corpus, a random
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combination may occur in the same sentence and thus their total occurrences can
be counted by a certain extraction method (e.g., . . . . . . in the sen-
tence “ / although there are still
some people, (but) there is no chance for them to become a big character”).

To obtain the frequency information, we extracted all two-word conjunction
pairs from the corpus, which included the correlative conjunctions and random
conjunction combinations. Then, the total occurrences of a conjunction pair in
the corpus would be counted as its combination frequency. Specifically, a pair
of conjunctions that occurred in a sentence that ended with a period, a ques-
tion mark, or an exclamation mark would be extracted and counted. Note that
corpus-extracted conjunction pairs definitely contained grammatical correct
conjunctions and random conjunction combinations without correct grammat-
ical function. Thus, to avoid any misunderstanding of the corpus-extracted
pairs, the term random combinations here refers in particular to the entire
corpus-extracted, arbitrary, two-word conjunction pairs except the grammat-
ical correlative conjunctions. Such random combinations are not familiar to
native speakers compared with correlative conjunctions. The reason for the
inclusion of random conjunction combinations was that it was unclear
if uncommon, corpus-extracted, multi-word units were psychologically
real (Durrant & Doherty, 2010; Schmitt, Grandage, & Adolphs, 2004).
Examining discontinuous random combinations would provide more insights
into the representation issue.

In the present design, combination frequencies (i.e., the total occurrences of a
conjunction pair in corpus) differed but the frequencies of their constituents were
matched between high- and low-frequency grammatical and random combin-
ations. In the experimental task, participants were required to judge whether or
not a conjunction pair was a correct correlative conjunction that can bind
two causes into a complex sentences. The difference between the reaction time
of high- and low-frequency conjunction pairs would be the key result to
examine.

Participants can judge whether or not a conjunction pair is a correlative
conjunction in several ways (Pollatsek, Hyona, & Bertram, 2000). One way is
to access individual components first and then assemble them by grammatical
rules. If the online computation is able to complete, a Yes response would be
elicited. Otherwise, a No response would be elicited. For example, in judging the
correlative conjunction “ . . . . . . /because . . . therefore . . . ,” and

would be activated and then can be assembled via the rule of cause and
effect. Participants would judge it as a correct correlative conjunction and make
a Yes response by pressing the corresponding key. Another way is to activate the
conjunction pair as a single unit. Successful retrieval would elicit a Yes response,
and otherwise, a No response. The third way is that the above two ways could be
used in parallel, although the direct way would be faster and more effective than
the computed one. Effect of combination frequency in processing correlative
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conjunctions would still be present for such parallel processing. Based on these
considerations, we proposed the following hypothesis.

Hypothesis 1. If only online computation exists, there would be no difference in

processing time between the processing of combinations with high and low com-

bination frequency.

Hypothesis 2. If combination frequency effect was observed, it would indicate that

correlative conjunctions or random conjunction combinations may have holistic

representations in mental lexicon and they can be accessed rapidly.

Method

Participants

Forty graduate students (M age¼ 23.2 years, SD¼ 1.4; 32 females) took part in
the study. All were students at Peking university in Beijing. Students were
informed of the experimental information in several classes by the authors
and then they could contact the authors directly by email or phone if they
were willing to attend. All participants were paid a nominal sum for their par-
ticipation, after the experiment.

Materials

All materials were selected from Modern Chinese Corpus of State Language
Commission (totaling 20 million characters) free for use from Corpus online
(Institute of Applied Linguistics of Ministry of Education, 2015). As noted
above, combination frequency of a random conjunction pair is the total count
that the random conjunction combination occurs in the corpus. The same
method was applied to count the combination frequency of correlative
conjunctions.

In total, there were four groups of conjunction combinations, 24 in each
group (condition). Groups 1 and 2 were administered grammatical correlative
conjunctions, one with high combination frequency and the other with low
combination frequency; Groups 3 and 4 were random conjunction combin-
ations, one with high combination frequency and the other with low combin-
ation frequency. Analyses showed that for the four groups of materials, their
combination frequencies differed between the high- and low-frequency combin-
ations both in grammatical and random combination conditions (ps< .005), but
the frequencies of constituent words were systematically matched across four
groups (ps> .3). Table 1 shows the material exemplar in each group. The full set
of materials is shown in the Appendix 1.
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Procedure

Materials were divided into four blocks by Latin square. Each block included
four kinds of combinations, totally 24 with 6 for each kind. Participants were
first given instructions on the computer screen and asked to respond rapidly and
accurately by pressing the button (the key F for No response or J for Yes
response). Participants were required to judge whether or not a combination
was a correct correlative conjunction binding two causes when it appeared on
the screen. In each trial, a cross was first shown on the center of the screen for
1000ms and disappeared, and then a combination was exposed in the same
position. The combination remained on the screen until participants responded.
After the response, the next trial was started. Before the formal experiment, 15
practice trials were given to participants to familiarize them with the procedure.

Table 1. Material exemplars in four groups.

Exemplar

Mean combination

and mean constituent

frequencies in corpus

Mean frequencies

in each million

character

CCHF . . . . . .

(not only . . . but also)

571.7 28.6

(not only) 2372.0 118.6

(but also) 18803.0 940.2

CCLF . . . . . .

(not only . . . but also)

22.2 1.1

(not only) 1998.4 99.9

(moreover) 14080.5 704.0

RCHF . . . . . .

(such as . . . then)

196.1 9.8

(such as) 2686.5 134.3

(then) 18333.5 916.7

RCLF . . . . . .

(not only . . . again)

18.5 0.9

(not only) 2285.3 114.3

(again) 17898.4 894.9

CCHF: correlative conjunctions with high frequency; CCLF: correlative conjunctions with low frequency;

RCHF: random combination with high frequency; RCLF: random combination with low frequency.
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In actual experiment, if a participant need more practices, they would be allowed
to have more trials of practice.

Results

All reaction time analyses were based on the data for correct responses. The
erroneous data and outliers (shorter than 400ms and larger than 4000ms) were
excluded from the analyses. The missing data accounted for 28.1% of the total
data in grammatical condition (540 erroneous data and 95 outlier data) and for
52.3% in ungrammatical condition (824 erroneous data and 181 outlier data).
Participants’ reaction time and accuracy rates are shown in Table 2.1

Two-way repeated analyses of variance (ANOVA) were conducted to analyze
the reaction times and accuracy data. The two within-subject factors were gram-
maticality (grammatical vs. random) and combination frequency (high vs. low
frequency). Both participant analysis and item analysis were conducted in the
ANOVA with F1 (participant analysis) and F2 (item analysis) to be reported.

Analyses on reaction times showed that the main effect of combination fre-
quency was significant by participant and item analysis, F1(1, 39)¼ 34.51,
p< .001 and F2(1, 23)¼ 20.81, p< .001, showing that responses were
faster to high combination frequency conjunction pairs than low combin-
ation frequency ones. The main effect of grammaticality was also significant,
F1(1, 39)¼ 101.13, p< .001 and F2(1, 23)¼ 51.74, p< .001, showing that
responses were faster to grammatical correlative conjunctions than random con-
junction combinations. There was also significant interaction effect between
grammaticality and combination frequency, F1(1, 39)¼ 19.23, p< .001 and
F2(1, 23)¼ 4.77, p< .05.

Table 2. Mean reaction time and accuracy for four groups.

Group

Reaction time (ms) Accuracy (%)

M SD M SD

CCHF 1313 336 91 0.05

CCLF 1806 425 63 0.14

RCHF 2125 706 43 0.17

RCLF 2203 450 71 0.14

CCHF: correlative conjunctions with high frequency; CCLF: correlative conjunctions with low frequency;

RCHF: random combination with high frequency; RCLF: random combination with low frequency.
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Further analyses showed that for grammatical correlative conjunctions, par-
ticipants’ reaction times to high-frequency conjunctions were significantly
shorter than to low-frequency conjunctions, F1: 1313ms versus 1806ms,
p< .001 and F2: 1356ms versus 1837ms, p< .001. However, for random cor-
relative conjunctions, there was no significant difference between the reaction
times of high- and low-frequency combinations, F1: 2125ms versus 2203ms,
p¼ .38 and F2: 2048ms versus 2187ms, p¼ .16.

The same ANOVA were also carried out to analyze the accuracy data.
Results showed that the main effect of combination frequency was not signifi-
cant, F1(1, 39)¼ 0.01, p¼ .93 and F2(1, 23)¼ .001, p¼ .97. But the main effect of
grammaticality was significant, F1(1, 39)¼ 45.44, p< .001 and F2(1, 23)¼ 23.55,
p< .001. Moreover, there were significant interaction effects between the two
factors, F1(1, 39)¼ 348.64, p< .001 and F2(1, 23)¼ 29.19, p< .001.

Further analyses showed that for grammatical correlative conjunctions,
accuracy of high-frequency combinations was significantly higher than that of
low-frequency combinations (91.1% vs. 62.5%, p< .001). But, for random com-
binations, accuracy of high-frequency combinations was significantly lower than
that of low-frequency combinations (42.9% vs.71.2%, p< .005). It was clear that
there were combination frequency effects in processing correlative conjunctions.
Contrarily, there were no such effects for random conjunction combinations in
reaction times.

Discussion

The present study examined the processing of correlative conjunctions and
corpus-extracted random conjunction combinations by using an online gram-
matical judgment task. Two major findings were obtained. First, there were
combination frequency effects in judging correlative conjunctions. Specifically,
responses to correlative conjunctions with high combination frequency were
faster and mostly more accurate than those for correlatives with low combin-
ation frequency. Moreover, responses to correlative conjunctions were faster
and more accurate than those for random combinations.

Second, such effect was observed only for the accuracy rate data but not the
reaction times in processing random conjunction combinations. Results showed
that the accuracy rates for random combinations with low combination fre-
quency were different from those for combinations with high combination fre-
quency. The different patterns of combination frequency effects indicated that
correlative conjunctions are psychologically real, but random conjunction com-
binations are not. The findings are consistent with existing studies on multi-word
units (e.g., Arnon & Cohen Priva, 2013; Arnon & Snider, 2010; Bannard &
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Matthews, 2008; De Cat et al., 2015; Siyanova-Chanturia et al., 2011). One
limitation of the present study was that overall accuracy rates were low. This
may be corrected in future studies with better selection of materials or recruiting
participants with natural language processing background.

Previous research showed the existence of holistic representations of continu-
ous multi-word units in mental lexicon so that phrase frequency would
affect their processing. The present findings provided further evidence for
this conclusion. Due to the holistic representation, participants could access
the unit in mental lexicon rapidly and accurately without online computation
via grammatical rules. Thus, reaction times were significantly shorter in process-
ing correlative conjunctions. Moreover, responses to the correlatives with high
combination frequency were significantly faster than those with low combin-
ation frequency.

On the other hand, random conjunction combinations are unfamil-
iar and do not have holistic representations in the mental lexicon.
They could not be retrieved directly from the mental lexicon. The only way to
judge them as grammatical or not was to use grammatical rules. Such online
computation processes were relatively slow and thus resulted in similar
responses and relatively long reaction times to all corpus-extracted random
combinations.

For ungrammatical combinations, accuracy of high-frequency combin-
ations was significantly lower than that of low-frequency ones. Reasons for
this may be that high-frequency combinations were more likely to judge as
“grammatical” than low-frequency combinations when they were retrieved
word by word, computed in sequence via a certain grammatical rule in the
judgment task, thus lowering the accuracy rates. One example can be used to
illustrate this point.

In the sentence “ /
Although the factory has carried on the earnest management, (however,) environ-
mental pollution problems still exist”. The combination . . . . . .was cor-
relative conjunction, but . . . . . .was not. However, participants may be
likely to judge the combination . . . . . . (or even . . . . . . ) to be
a correct correlative conjunction because the conjunction word frequently
occurs in complex sentences bound by the correlative conjunction . . .

. . . . This may explain the different patterns between reaction times and accur-
acy rates for random combinations with different combination frequencies. In
other words, combination frequency effects for accuracy rates of random com-
binations did not indicate holistic representations for high-frequency random
combinations.
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These findings have important implications for the understanding of language
representation and processing. Emergentist models have proposed that in lan-
guage acquisition, cognitive process and experiences play an important role.
Experiences with a certain linguistic unit would leave traces in the long-term
memory. The more experiences there are, the higher degree of entrenchments of
a unit there are in memory. This means that frequent units would be processed
faster than less frequent ones. This should be the case for discontinuous multi-
word units. With more exposures, discontinuous multi-word units would be
more likely represented as a unit in mental lexicon. The present study provides
empirical support for the claims of emergentist models.

On the other hand, there are no holistic representations for corpus-extracted
random conjunction combinations, as indicated by the results that even high-
frequency random combinations did not show any combination frequency effect.
An interesting question was why high-frequency random conjunction combin-
ations are not psychologically real. We suggest that frequency may not be the
only factor in the formation of representations of discontinuous multi-word
units. Besides frequency, grammatical function seems to be another critical vari-
able for discontinuous correlative conjunctions. That is, if two conjunctions
could not carry a certain grammatical function, they would not be represented
as a unit, even though they have high frequency of co-occurrence in the Chinese
corpus. For example, the correlative conjunction “ . . . . . . /
because . . . therefore . . . ” expresses cause and effect; but the reversible form or
the random combination “ . . . . . . / therefore . . . because . . . ” is not
logical nor grammatical. This point can also be confirmed by the observation
that a large number of conjunction combinations were observed in different
sentences in the corpus used in the present study, but they cannot be treated
as correlative conjunctions, even though they co-occurred frequently.

In summary, the present study showed that Chinese correlative conjunctions,
but not random conjunction combinations, can be represented holistically in
mental lexicon, in addition to their individual word representations. This may
be attributed to the frequency and grammatical function of the correlative con-
junctions. The findings enrich the understanding of the mental representation of
multi-word units.
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Note

1. The high-level missing data indicated the difficulty in judgment (e.g., more errors on
low-frequency combinations and random combinations). Therefore, we also con-

ducted the analyses with and without removing any outliers. The results showed an
identical pattern with and without outliers. If outliers were included, the missing data
accounted for 23.2% in grammatical condition and for 42.9% in random condition.

The mean reaction times for four groups were 1448, 2215, 2750, 2681ms (F1) and
1531, 2381, 2733, 2781ms (F2), respectively.
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