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A growing number of studies show a processing advantage for collocations, 
which are commonly-used juxtapositions of words, such as “joint effort” or “shake 
hands,” suggesting that skilled readers are keenly perceptive to the occurrence of 
two words in phrases. With the current research, we report two experiments that 
used eye movement measures during sentence reading to explore the processing 
of four-character verb-noun collocations in Chinese, such as 修改文章 (“revise 
the article”). Experiment 1 compared the processing of these collocations relative 
to similar four-character expressions that are not collocations (e.g., 修改结尾, 
“revise the ending”) in neutral contexts and contexts in which the collocation 
was predictable from the preceding sentence context. Experiment 2 further 
examined the processing of these four-character collocations, by comparing eye 
movements for commonly-used “strong” collocations, such as 保护环境 (“protect 
the environment”), as compared to less commonly-used “weak” collocations, 
such as 保护自然 (“protect nature”), again in neutral contexts and contexts in 
which the collocations were highly predictable. The results reveal a processing 
advantage for both collocations relative to novel expressions, and for “strong” 
collocations relative to “weak” collocations, which was independent of effects 
of contextual predictability. We  interpret these findings as providing further 
evidence that readers are highly sensitive to the frequency that words co-occur 
as a phrase in written language, and that a processing advantage for collocations 
occurs independently of contextual expectations.
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Introduction

Formulaic language (i.e., frequently occurring word sequences) is widely used in spoken 
language and written texts. Collocations are an example of formulaic language in which two or 
more words are habitually juxtaposed to create phrases, such as “black coffee,” “heavy rain” or 
“in a moment,” that are used regularly in spoken and written language (Biber et al., 1999; Vilkaite 
and Schmitt, 2019). The collocations are dissimilar to other word conjuctions, such as compound 
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words (e.g., “headline,” “supermarket”), and hyphenated compounds 
(e.g., “baby-faced”), where words are combined to create a new or 
distinctive meaning. Collocations, by contrast, are simply commonly 
used sequences of words that are highly familiar to language users. 
According to one theoretical approach, the habitual utilization of 
collocations leads to their becoming lexicalized, which means they are 
perceived as a single language unit in the mind (e.g., Wray, 2002; 
Underwood et al., 2004; Conklin and Schmitt, 2008, 2012; Siyanova-
Chanturia et al., 2011; Zang, 2019). However, an alternative to this 
view holds that the language processor computes statistics of word 
co-occurrences. It is argued to allow the language processor to exploit 
redundancy in the linguistic input, so that familiar or over-used 
sequences of co-occurring words can be processed more efficiently 
(e.g., McDonald and Shillcock, 2003a,b). This use of formulaic 
language is also considered a hallmark of linguistic proficiency, 
especially in the second-language learning literature where it is viewed 
as essential to the development of linguistic competence in non-native 
readers and speakers.

From a psycholinguistic perspective, there is considerable interest 
in understanding whether formulaic language is associated with 
specific processing advantages, as this may shed new light on how 
language is processed in the brain. One approach to this issue has 
involved comparing the processing of collocations relative to 
non-collocations. For instance, some researchers have used 
adaptations of the lexical decision task, in which participants must 
judge whether a linguistic stimulus is composed of real words or not 
(Ellis et al., 2009; Durrant and Doherty, 2010; Wolter and Yamashita, 
2014). For example, Durrant and Doherty (2010) used a variant of this 
task in which pairs of words were presented sequentially and 
participants had to judge whether the second item in each pair was a 
real word or not. When the second item was a real word, there was a 
relationship between the two words, such that word pair formed either 
a collocation (e.g., “spoken word”) or a non-collocative phrase (e.g., 
“lower word”). This was shown to influence the time taken to judge 
that the second word in each pair (i.e., “word”) is a real word, with 
faster responses when it belonged to a collocation. Crucially, such 
findings suggest that words are recognized more quickly when they 
are part of a collocation than a non-collocative phrase.

In other research, eye movement measurements were utilized to 
determine if a comparable processing benefit is present when 
collocations and non-collocations are read naturally as part of a 
sentence. This methodology is based on the assumption that there is 
a close yoking between where a reader is looking and for how long and 
the cognitive processes involved in recognizing words during reading 
(e.g., Rayner, 1998, 2009; Liversedge and Findlay, 2000). In particular, 
numerous studies (for reviews, see Rayner, 1998, 2009) show that the 
time spent looking at (i.e., fixating) words during reading is sensitive 
to linguistic factors that affect its recognition, including a word’s 
frequency of usage in written language (with longer fixation times for 
words that are used less frequently) and its predictability from the 
prior linguistic context (with longer fixation times for words that are 
less predictable). Such findings have been crucial to the construction 
of computational reading models, including the highly influential E-Z 
Reader model (e.g., Reichle et  al., 1998, 2003). A fundamental 
assumption of these computational models, such as the E-Z Reader 
model, is that information about word frequency rather than phrase 
frequency is computed (for discussion, see Cutter et  al., 2014). 

Accordingly, research indicating that collocations are processed faster 
than non-collocative phrases is potentially important for the future 
development of such models, by demonstrating the need for 
theoretical models of the reading process to take account of the usage 
of phrases as well as words (for discussion, see Zang, 2019).

An example of such findings is from an eye-movement study 
demonstrating that collocations (e.g., “provide information”) are 
fixated for less time during reading as compared to non-collocative 
phrases (e.g., “compare information”) (Vilkaite, 2016). Other evidence 
comes from eye movement studies of the processing of collocations 
that vary in their frequency of usage. In these studies, two measures, 
namely, phrasal frequency (Gries and Ellis, 2015) and mutual 
information (MI; Hunston, 2002) are often computed. Phrasal 
frequency is a measure of how often words are used together in a 
phrase (within a language corpus), while MI involves computing how 
often the words are used together rather than separately. Sonbul 
(2015) examined eye movements for synonymous adjective-noun 
pairs that were either “strong” collocations, such as “fatal mistake,” 
which have high phrasal frequency and MI, “weaker” collocations, like 
“awful mistake,” which have lower phrasal frequency and MI, and 
phrases such as “extreme mistake,” which have very low phrasal 
frequency and MI. The findings showed that fixation times on these 
phrases was shortest for the “strong” collocations, longer for the 
“weak” collocations, and longest of all for the “very weak” collocations, 
revealing that eye movements are sensitive to the frequency of usage 
of these words as phrases.

An alternative approach adopted by McDonald and Shillcock 
(2003a,b) considered whether such effects might be characterized in 
terms of the language processing system tracking transitional 
probabilities, which can be defined as the probability of one word 
being followed by another in written language. Unlike phrasal 
frequency and MI, transitional probabilities do not rely on the 
proximity of words in a text. In an eye-tracking experiment, 
McDonald and Shillcock observed shorter fixation times for phrases 
with a high transitional probability like “accept defeat” relative to 
phrases with a lower transitional probability like “accept losses.” Based 
on these findings, McDonald and Shillcock argued that readers can 
utilize transitional probabilities to take advantage of the redundancy 
in language input, facilitating quicker processing of text. Frisson et al. 
(2005), however, argued that transitional probabilities could be part 
of contextual predictability, such that words with high transitional 
probabilities would be likely to co-occur in specific contexts. To test 
this hypothesis, they used similar verb-noun phrases to the ones 
McDonald and Shillcock employed in their experiments, and the 
phrases were presented in sentence contexts in which the phrases were 
either highly predictable or not. Comparing eye movements for the 
phrases, Frisson et al. found that contextual predictability, and not 
transitional probabilities, influenced fixation times for these phrases, 
and argued that transitional probability is not a separate statistical 
measure but part of contextual constraint on co-occurrence of words.

Accordingly, it is reasonable to assume that the effects of 
collocation frequency found in previous studies might represent 
contextual predictability on word co-occurrences. Thus, Li et  al. 
(2021) followed Frisson et  al.’s approach and used eye movement 
measures to explore the processing of collocations versus 
non-collocative phrases in predictive versus neutral contexts. 
Specifically, they compared the processing of “strong” adjective-noun 

https://doi.org/10.3389/fpsyg.2023.1235735
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Li et al. 10.3389/fpsyg.2023.1235735

Frontiers in Psychology 03 frontiersin.org

collocations, such as “black coffee,” which had high MI scores and 
phrasal frequency, with “weak” collocations, such as “bitter coffee,” 
which had lower MI scores and phrasal frequency. The findings 
revealed that the effects of collocation strength were separate from the 
effects of contextual constraints on fixation times for the verb-noun 
phrases, suggesting that “strong” collocations are processed faster than 
“weak” collocations and the processing advantage is not attributable 
to contextual predictability. The experiment therefore provided 
evidence for readers’ sensitivity to the frequency of collocation use.

The present research extends these investigations to examine the 
processing of four-character collocations in Chinese. In written 
Chinese, a text is composed of box-like logograms called characters. 
Over 70% of commonly used Chinese words consist of two characters. 
At the same time, there is rich usage of four-character collocations 
(e.g., 保护环境, meaning “protect the environment”) created from the 
pairing of two two-character words (e.g., 保护, meaning “protect,” and 
环境, meaning “environment”). These share some similarities to four-
character Chinese idioms, which constitute 95% of Chinese idioms, 
and which are processed faster than novel phrases according to 
previous eye movement researches (e.g., Yu et al., 2016). However, 
collocations differ from idioms by being more semantically 
transparent and more widely used. We therefore attempt to investigate 
whether there are processing advantages for these collocation phrases.

Evidence from studies using a variant of the lexical decision task 
suggests that such a processing advantage exists. For example, Lv and 
Shi (2016) showed that reaction times for four-character verb-noun 
combinations were faster for collocations (e.g., 采取措施, “take 
measures”) as compared to non-collocative phrases with a similar 
meaning (e.g., 采用措施, “use measures”). More recently, Jiang et al. 
(2020) examined readers’ eye movements for four-character verb-
noun collocations (e.g., 参加会议, “attend a meeting”) and 
non-collocative control phrases (e.g., 参加游戏, “attend a game”) that 
were embedded interchangeably in the same sentence frame. The 
results showed that readers had shorter fixation times for the 
collocations than the control phrases, suggesting a processing 
advantage for the collocations.

Method

To further investigate this issue, the present study has conducted 
two experiments. In Experiment 1, we examined eye movements for 
four-character collocations and control phrases in neutral contexts 
and contexts in which the collocation was highly predictable. In 
Experiment 2, we compared the processing of “strong” collocations 
(i.e., with high phrasal frequency and MI) against “weak” collocations 
(i.e., with lower phrasal frequency and MI) to establish whether a 
processing advantage for collocations would be  modulated by 
contextual constraints or observed independently of effects of context.

Experiment 1

Experiment 1 used eye movement measures to compare the 
processing of four-character verb-noun collocations, such as 修改文

章 (“revise the article”) and four-character non-collocative control 
phrase with the same verb but a different noun, such as 修改结尾 

(“revise the ending”). We aimed to establish whether a collocation 
processing advantage would be observed in fixation times for these 
phrases during reading, and whether such effects are modulated by 
context or observed independently of context. In making these 
comparisons, we draw a distinction between the measures of eye 
movements which show sensitivity to first-pass processing (i.e., the 
processing which occurs at the beginning) of a phrase and those 
sensitive to the later processing of the phrase (e.g., Rayner, 1998, 
2009). This difference is important as it allows us to draw inferences 
about the time course of any observed effects and, specifically, 
whether effects are observed during the early processing of phrase, 
during which words will be recognized, or during some later stage of 
processing that might reflect how easily the phrase can be integrated 
with context. In addition, following Li et al. (2021), we report two sets 
of analyses. One focused on the processing of the phrase as a whole 
and the other focused on the more localized processing of the noun 
in the four-character verb-noun phrase. An advantage of this second 
analysis is in revealing whether collocative status and contextual 
constraints can guide the recognition of this critical word. A further 
advantage is that this approach allows us to conduct comparisons of 
these effects across an identical linguistic constituent in the 
collocation and control phrases (noting that while we have strived to 
match carefully the different verbs used in collocation and control 
phrases in terms of critical features, these nevertheless are 
different words).

Participants

Forty-four Chinese native speakers (30 female) aged 18–22 years 
(M  = 19.8 years, SD = 1.1) from Zhejiang University were paid to 
participate in the experiment. All reported having normal or 
corrected-to-normal vision. All participants reported being right-
handed and having no history of neurological, psychiatric, or 
reading impairment.

Stimuli and design

The stimuli were 34 pairs of four-character verb-noun phrases, 
each comprising two two-character words. These were obtained from 
a database of 3,783 commonly-used two-character words (Song and 
Li, 2021). Each pair included a collocation (e.g., 修改文章, “revise the 
article”) and a control phrase with the same verb but a different noun 
(e.g., 修改结尾, “revise the ending”). The nouns in the collocations 
and control phrases were matched for lexical frequency using the 
SUBTLEX-CH-CHR database (Cai and Brysbaert, 2010), and for 
visual complexity in terms of their number of strokes. The collocative 
strength of each phrase (i.e., the extent to which the verb and noun 
combinations are used together habitually) was calculated using both 
phrasal frequency and Mutual Information (MI) scores. Phrasal 
frequency indicates how often a noun and verb combination co-occurs 
as a phrase (Gries and Ellis, 2015). MI provides a log-normalized 
measure, a ratio of the frequency of a word co-occurring in a phrase 
relative to the frequency of separate use (Hunston, 2002). Phrasal 
frequency scores for collocation and control phrases were obtained 
from the BCC corpus (Gou et al., 2015). MI scores were computed 
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based on the formula MI = log2
O
E

 (Durrant and Doherty, 2010), where 
O and E were the observed and expected occurrences of each phrase 
in the BCC corpus. As shown in Table 1, the collocation and control 
phrases differed significantly in phrasal frequency and MI.

Each collocation and control phrase pair was embedded 
interchangeably in two sentence frames. The sentences were 15 to 21 
characters long (M = 19.5 characters, SD = 2.2 characters). The 
collocation or control phrase always appeared near the middle of the 
sentence which was presented as a single line of text. One sentence 
frame provided a context in which the collocation was predictable, 
while the other sentence frame provided a neutral context in which 
the collocation was not predicted but also not anomalous. An example 
set of sentence frames and collocation/control phrase pair is shown in 
Table 2.

Contextual predictability was assessed using a modified cloze 
procedure. In this, 20 participants (young adults from the same 
population as participants in the experiments) were asked to write 
continuations for sentence fragments which were truncated prior to 
the target phrase (i.e., the collocation / control phrase). If the 
continuation included the target phrase or a word related to its verb, 
the collocation was regarded as predictable. For example, if the target 
collocation was 提供服务 (“provide services”), continuations related 
to the concept of 提供 (i.e., “provide”) were taken to demonstrate that 
the phrase was predictable from the prior sentence context. A 
collocation was considered predictable if more than 50% of 
continuations met this criterion, and less predictable if fewer than 20% 
of continuations met this criterion. Following this procedure, 
we  selected sentences and collocation combinations in which the 
collocation was significantly more predictable in the predictable frame 
(M = 71.1%, SD = 2.5%) than the neutral frame (M = 0.9%, SD = 0.5%; 
t(66) = 27.182, p < 0.001). Another 20 young adults assessed the 
naturalness of predictive and neutral sentences which included either 
the collocation or the control phrase, using a 5-point Likert scale 
(where 1 = not natural and 5 = very natural). Sentence naturalness did 
not differ significantly as a function of sentence type (predictable 
context, M = 4.2, SD = 0.5, neutral context, M = 4.0, SD = 0.4, F (1, 
19) = 1.14, p = 0.299), phrase (collocation, M = 4.0, SD = 0.4, control 
phrase, M = 4.0, SD = 0.3, F (1, 19) = 0.909, p = 0.352), or an interaction 
of these factors (F(1, 19) = 1.060, p = 0.316), indicating that the 
collocation and control phrases were similarly acceptable in the 
predictive and neutral sentence frames.

The sentence and phrase combinations were pseudo-randomly 
allocated to two presentation lists. For one list, half the phrase pairs 
were presented with the collocation in a predictive sentence context 
and the control phrase in a neutral sentence context, and the other half 
were presented with the collocation in a neutral sentence context and 
the control phrase in a predictive sentence context. This allocation of 

collocations and control phrases to predictive and neutral contexts 
was reversed for the other list. Participants were pseudo-randomly 
allocated to a list so that an equal number of participants viewed each 
list. This assured that, while each collocation and control phrase was 
viewed once by each participant and in only one sentence context, 
each phrase was read equally often in a predictive or neutral sentence 
context across the experiment.

Each list contained 72 sentences with 17 sentences in each 
treatment level of context type by phrase type. Intermingled with 
these, each list included additional 72 filler sentences that were similar 
to the critical sentences in length and readability. Each list also began 
with 8 practice sentences. The experiment had a 2 (phrase type: 
collocation or control) x 2 (context type: predictable or neutral) 
within-participants design.

Apparatus and procedure

During binocular reading, the gaze location of each participant’ 
right eye was recorded every millisecond using an EyeLink 1,000 Plus 
tower-mounted eye tracker. Sentences were displayed on a 19-inch 
monitor (1,024 × 768 pixels) in Song font as black text on a light grey 
background. At approximately 71 cm viewing distance, each character 
subtended approximately 0.8° of visual angle.

Participants took part individually. On arrival, each participant 
had the experimental procedure explained to them and was asked to 
read the sentences for comprehension. The participant was then seated 
at the eye-tracker with the head on a chin and forehead rest to reduce 
any potential movements of the head. A three-point horizontal 
calibration was utilized to ensure spatial accuracy of at least 0.35° 

TABLE 1 Stimulus characteristics for Experiment 1.

Characteristic Collocation Control 
phrase

t p

Phrasal Frequency 703.8 (213.2) 0.4 (0.2) 3.299 < 0.05

MI 9.7 (0.4) 4 (0.2) 20.359 < 0.001

Noun Frequency 24.4 (4.1) 23.4 (4.0) 0.184 0.855

No. of Strokes 14.6 (0.7) 14.5 (0.7) 0.089 0.93

The Standard Error of the Mean is shown in parentheses.

TABLE 2 An example stimulus in Experiment 1.

Context Phrase type Sample sentence

Predictable Collocation 该俱乐部只为会员提供

服务并不对外开放。

This club onlyprovides 

services for the members 

and is not open to the 

public.

Control 该俱乐部只为会员提供

号码并不对外公布。

This club onlyprovides 

numbers for the members 

and does not disclose 

them to the public.

Neutral Collocation 这个地方只为李娜提供

服务并不对外开放。

This place onlyprovides 

services for Li Na and is 

not open to the public.

Control 这个地方只为李娜提供

号码并不对外公布。

This place onlyprovides 

numbers for Li Na and 

does not disclose them to 

the public.
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across the same line as sentence stimuli would be  presented. To 
maintain this resolution, we checked the accuracy of calibration before 
we presented each trial and recalibrated if necessary. Each trial started 
with a presentation of a fixation square which is the same size as a 
character. Once the participant fixated this square, the square vanished 
and the initial character took its place in the sentence. Once finishing 
reading, the participant pressed a response button and the sentence 
disappeared, replaced by a new trial or a yes/no comprehension 
question on 25% of trials. Participants answered the comprehension 
question by pressing one of two response buttons, and these responses 
were recorded by the computer. The experiment lasted approximately 
30 min for each participant.

Data analysis

Linear mixed effects models (LMEM, Baayen et al., 2008) and the 
lme4 package (version 1.1–26; Bates et al., 2012) in the R environment 
(R Core Team, 2019) were used to analyze the remaining data. 
We designated participants and stimuli as crossed random effects for 
all analyses, whereas context type and sentence type were designated 
as fixed factors. A model with a completely random structure was 
employed (Barr et al., 2013). If the entire model failed to converge, its 
randomized structure was adjusted by progressively removing 
correlations between factors and then interactions, until convergence 
was achieved. The “contr.sdif ” function in the MASS package was 
utilized to specify the comparisons of fixed factor levels (Venables and 
Ripley, 2002). Simple effects abakyses were performed using the 
emmeans package (Lenth, 2017). For all analyses, t > 1.96 was 
considered statistically significant.

Separate analyses were conducted for the target phrase as a whole 
and for its noun (see Carrol and Conklin, 2014; Vilkaite, 2016; Li 
et al., 2022). For full phrase analyses, we report a measure of the 
initial (i.e., first-pass) processing of the phrase; namely first-pass 
reading time (FPRT, the total number of fixations from the phrase’s 
initial forward-directed fixation until a progressive eye movement to 
its right or a regression to its left), alongwith measures that can detect 
changes in how the phrase is processed at a later time, namely 
regression-path reading time (RPRT, the total duration of fixation 
from the initial fixation on a phrase until the eye moves progressively 
to the right, encompassing any fixations that occur after a regression 
from that phrase; Liversedge et  al., 1998), regressions-in (the 
likelihood of reverting back to the original phrase through 
regression), and total reading time (TRT, the total number of fixations 
on the phrase regardless of when these are made during sentence 
processing). The probabilities of readers either skipping the target 
phrases or making a regression from these phrases during first-pass 
reading were low and so are not included in analyses of first-
passing processing.

For the noun analyses, we examined measures of the first-pass 
processing; namely, word-skipping (the likelihood of not fixating the 
noun in initial processing), first-fixation duration (FFD, the duration 
of the initial progressive fixation on the noun), single-fixation duration 
(SFD, the duration of the initial progressive fixation on nouns 
receiving solely one fixation without any other fixations), 
regressions-out, and gaze duration (the total number of initial 
fixations on the noun, equivalent to first-pass reading time for a single 
word region). Additionally, we examined measures sensitive to the 

later processing of the noun; namely regression-path reading time, 
and total reading time.1

Results

Accuracy answering comprehension questions averaged 93% (> 
80% for all participants), indicating that the participants had 
understood the sentences. Prior to data analysis, and following 
standard procedures, adjacent fixations were combined and short 
fixations (less than 80 ms) and long fixations (more than 1,000 ms) 
were deleted, affecting 3.7% of the data. In addition, fixations more 
than 2.5 SDs from the mean per condition for each participant were 
removed as outliers (affecting 2.2% of fixations).

Phrase analysis

Descriptive and inferential statistics for the critical phrases are 
summarized in Tables 3, 4, respectively. A main effect of phrase type 
was obtained in all the measures. Reading times (in FPRT, RPRT and 
TRT) were shorter for the collocations than for the control phrases. A 
main effect of context type was significant in all measures. Reading 
times were shorter for phrases in predictable than neutral contexts. 
The interaction was not significant between the influences of 
collocation and context type in any of the measures.

Noun analysis

Descriptive and inferential statistics for the critical noun were 
summarized in Tables 5, 6, respectively. In all measures, it was found 
that there were main effects of phrase type. Compared to the control 
nouns, nouns in collocations had higher skipping rates, produced 
fewer first-pass regressions from the phrase, and had shorter first-pass 
reading times (i.e., FFD, SFD, and GD) and reading times sensitive to 

1 Following Vilkaite (2016), we conducted additional analyses that included 

mutual information and phrasal frequency as continuous variables, using the 

formula lmer10 = lmer(depvar ~context*type_coll+MI + phrasal_

frequency + (1|pp) + (1|stim), data = data). For the collocation phrase, this produced 

a main effect of collocation type in first-pass reading times (β = 50.09, SE = 23.68, 

t = 2.15, p = 0.032), and main effects of collocation type and context in 

regression-path reading times (collocation type, β = 15.78, SE = 39.52, t = 3.99, 

p < 0.001; context, β = 53.71, SE = 23.40, t = 3.30, p = 0.025), with no indication of 

an interaction. No effects of mutual information or phrasal frequency were 

observed, suggesting that while these variables were likely to be important, 

their contribution was accounted for by the manipulation of collocation status, 

which was a better predictor in the model. For the collocation noun, the analysis 

produced main effects of collocation type and context in regression-path 

reading times (collocation type, β = 13.07, SE = 39.39, t = 3.32, p < 0.001; context, 

β = 46.63, SE = 31.30, t = 2.19, p = 0.032) and a main effect of collocation type in 

total reading times (collocation type, β = 82.81, SE = 24.52, t = 3.38, p < 0.001), 

with no indication of an interaction. No effects of mutual information or phrasal 

frequency were observed, again suggesting that this contribution was 

accounted for by the manipulation of collocation status.
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later processing (i.e., RPRT and TRT). A main effect of context type 
was obtained in regressions-out and in reading time measures 
sensitive to later processing associated with contextual integration 
(i.e., RPRT, TRT). As with the phrase analysis, there was no interaction 
between context and phrase type.

Discussion

Our results revealed clear effects of both phrase type and 
contextual predictability for the whole phrases and for the noun in 
each phrase in both first-pass and later eye movement measures, with 
no indication of an interaction effect. The effect of phrase type was due 
to shorter reading times for collocations compared to non-collocative 
phrases, and for the noun in the collocations relative to the same noun 
in the control phrase. Our finding that collocations were read faster 
than non-collocations provides evidence for a collocation processing 
advantage, consistent with Jiang et  al.’s (2020) findings for four-
character phrases. Moreover, the finding that these effects emerged in 
first-pass processing, including of the noun in the phrase, is consistent 
with collocative phrases being recognized more quickly than 
non-collocative phrases. These findings therefore provide evidence 
that readers use the co-occurrence information provided by 

collocations to predict upcoming words, so that these words are 
recognized more easily, in line with usage based accounts (e.g.,. 
Bybee, 2006).

The effects of contextual predictability we obtained confirmed the 
effectiveness of our manipulation of contextual constraints. Reading 
times for the collocation and control phrases (and their nouns) were 
faster in predictive than neutral contexts, consistent with effects of 
word predictability in reading (Rayner and Well, 1996; see Rayner, 
2009). These effects emerged relatively late in the eye movement 
record; however, appearing first in regression-path reading times for 
the full phrase and in regressions-out for the nouns, indicating that 
contextual constraint served to aid the integration of the four-
character words with the context. Specifically, readers were less likely 
to look back in the sentence and engage in re-reading of the prior 
sentence context when the phrases were contextually predictable.

Finally, the absence of an interaction between phrase type and 
contextual predictability was consistent with previous findings by Li 
et al. (2021) indicating that the processing advantage for collocations 
is observed independently of contextual status, and so does not appear 
to represent a specific type of contextual predictability (see Frisson 
et al., 2005).

Experiment 1 provides evidence for a processing advantage for 
four-character verb-noun collocations relative to matched 
non-collocative phrases that was independent of contextual 
predictability. To further investigate this processing advantage, 
Experiment 2 investigated whether readers could detect the differences 
in collocation frequency, by analyzing how “strong” and “weak” 
collocations were processed in neutral and predictive contexts.

Experiment 2

Experiment 1 confirmed that four-character collocations are 
processed faster than control phrases in both predictive and neutral 
sentence contexts. Experiment 2 explored this processing advantage 
for four-character collocations further, by examining whether readers 
are sensitive to co-occurrence frequencies. Specifically, we examined 
whether readers might also exhibit a processing advantage for “strong” 
four-character collocations, which have a high frequency of usage, 
relative to “weak” four-character collocations that are used less 
frequently. As in Experiment 1, these collocations were presented to 
readers in both predictive and neutral sentence contexts to establish 

TABLE 4 Summary of statistical effects for the collocation / control 
phrases in Experiment 1.

Factor Statistic FPRT RPRT TRT

Intercept β 425.74 628.46 628.46

SE 20.19 36.66 36.66

t/z 21.09 17.14 17.14

Collocation 

(collocation 

– control)

β 46.16 162.12 162.12

SE 7.86 11.92 11.92

t/z 5.88* 13.60* 13.60*

Context 

(neutral - 

predictable)

β −14.02 −53.32 −53.32

SE 7.86 11.92 11.92

t/z −1.79 −4.47* −4.47*

Context x 

Collocation

β 10.04 13.70 13.70

SE 15.71 23.85 23.85

t/z 0.64 0.58 0.58

Asterisks indicate statistically significant effects, p < 0.05. FPRT, first-pass reading time, 
RPRT, regression-path reading time, TRT, total reading time.

TABLE 5 Means for the critical noun in Experiment 1.

Predictable context Neutral context

Collocation Control Collocation Control

SKIP (%) 22 (2) 14 (1) 19 (1) 13 (1)

FFD (ms) 243 (3) 251 (4) 244 (3) 254 (3)

SFD (ms) 245 (4) 256 (5) 248 (5) 256 (5)

GD (ms) 263 (5) 276 (5) 256 (4) 274 (5)

RO (%) 10 (1) 20 (2) 14 (1) 23 (2)

RPRT (ms) 376 (10) 510 (16) 423 (12) 553 (15)

TRT (ms) 312 (7) 388 (9) 338 (8) 400 (9)

The Standard Error of the Mean is shown in parentheses. SKIP = word-skipping, FFD, first-
fixation duration, SFD, single-fixation duration, GD, gaze duration RO, Regressions-out, 
RPRT, regression-path reading time, TRT, total reading time.

TABLE 3 Mean eye movements for the collocation / control phrase in 
Experiment 1.

Predictive context Neutral context

Collocation Control Collocation Control

FPRT 

(ms)
395 (9) 446 (10) 414 (9) 456 (10)

RPRT 

(ms)
520 (11) 689 (17) 580 (13) 736 (17)

TRT 

(ms)
520 (11) 689 (17) 580 (13) 736 (17)

The Standard Error of the Mean is shown in parentheses. FPRT, first-pass reading time, 
RPRT, regression-path reading time, TRT, total reading time.
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whether any processing advantage is modulated by 
contextual predictability.

Participants

Thirty-six participants (32 female; aged 18–23 years; 
M = 20.6 years, SD = 1.2) were native Chinese speakers recruited from 
Zhejiang University. None had participated in Experiment 1. All 
participants were paid to take part in this experiment. All reported 
being right-handed, with normal or corrected vision and no history 
of neurological, psychiatric, or reading impairment.

Stimuli and design

Stimuli consisted of 36 pairs of four-character verb-noun 
collocations where the members of each pair used the same verb (e.g., 
保护, “protect”) but a different noun. Based on phrasal frequency and 
MI, one of each pair was categorized as a “strong” collocation (e.g., 保
护环境, “protect the environment”) and the other as a “weak” 
collocation (e.g., 保护自然, “protect the nature”).

Characteristics of the strong and weak collocations are shown 
in Table 6. Following similar procedures to Experiment 1, the nouns 
in the strong and weak collocations were matched for lexical 
frequency using the SUBTLEX-CH-CHR database (Cai and 
Brysbaert, 2010), and for visual complexity in terms of their number 
of strokes. Phrasal frequency and MI were calculated using the BCC 
corpus (Gou et al., 2015). As shown in Table 7, strong collocations 
had significantly higher phrasal frequency and MI than the 
weak collocations.

Similarly to Experiment 1, each collocation pair was embedded 
interchangeably in two sentence frames. The sentences, including the 
target phrase, were 15 to 22 characters long (M = 19.7 characters, 
SD = 2.3 characters). One sentence frame was designed to provide a 
context in which the collocation was predictable, while the other 
sentence frame provided a neutral context in which the collocation 
was not predictable but also not anomalous. An example set of 

sentence frames and collocation/control phrase pair is shown in 
Table 2.

Contextual predictability was assessed using the same procedure 
as Experiment 1. The sentences were truncated prior to the 
collocation and 20 participants from the same population as the 
experiment participants provided a written continuation for each 
fragment. Predictability was assessed in terms of whether 
continuations included the collocations, its verb or words associated 
to its verb. For example, if the target collocation was 保护环境 
“protect the environment,” then this phrase, the verb or continuations 
related to the verb were taken to demonstrate predictability. 
Collocations for which more than 50% of continuations met this 
criterion were categorized as predictable, whereas those for which 
fewer than 20% of continuations met this criterion were considered 
to be unpredictable. Following this procedure, we selected sentence 
and collocation combinations in which collocations were significantly 
more predictable in the predictable frame (M = 63.4%, SD = 2.3%) 
than the neutral frame (M = 0.2%, SD = 0.2%; t(66) = 27.641, p < 0.001). 
Another 20 students assessed the naturalness of a sentence using a 
Likert scale consisting of five points, where 1 indicated “not natural” 
and 5 indicated “very natural.” Naturalness scores were high in both 
predictable contexts (strong collocations, M = 4.3, SD = 0.4, weak 
collocations, M = 4.2, SD = 0.5) and neutral contexts (strong 
collocations, M = 4.1, SD = 0.4, weak collocations, M = 4.1, SD = 0.4) 
and did not differ significantly as a function of context (F (1, 
19) = 1.341, p = 0.261), collocation strength (F (1, 19) = 1.235, 

TABLE 6 A summary of statistical effects for the noun region in Experiment 1.

Factor Statistic SKIP FFD SFD RO GD RPRT TRT

Intercept

β −1.82 246.31 252.08 −1.89 264.52 452.07 351.13

SE 0.14 5.39 6.20 0.15 7.04 26.45 15.61

t/z −13.26 45.73 40.69 −12.78 37.59 17.09 22.49

Collocation 

(collocation–

control)

β −0.57 9.72 12.73 0.77 16.67 136.15 72.96

SE 0.10 3.53 4.23 0.12 4.27 11.85 7.35

t/z −5.59* 2.75* 3.01* 6.64* 3.90* 11.49* 9.92*

Context (neutral - 

predictable)

β 0.13 −2.40 −1.95 −0.31 3.76 −45.59 −18.69

SE 0.10 3.18 4.21 0.12 5.08 11.85 7.35

t/z 1.24 −0.76 −0.46 −2.71* 0.74 −3.85* −2.54*

Context x 

Collocation

β −0.11 −0.50 5.37 0.20 −2.27 12.99 19.24

SE 0.21 6.34 8.43 0.23 8.55 23.71 14.71

t/z −0.53 0.08 0.64 0.85 −0.27 0.55 1.31

Asterisks indicate statistically significant effects, p < 0.05. SKIP, word-skipping, FFD, first-fixation duration, SFD, single-fixation duration, GD, gaze duration RO, Regressions-out, RPRT, 
regression-path reading time, TRT, total reading time.

TABLE 7 Stimulus characteristics of the strong and weak collocations 
used in Experiment 2.

Characteristic Strong Weak t p

Phrasal Frequency
837.42 

(192.10)

222.72 

(55.07)

3.076 < 0.05

MI 9.74 (0.40) 8.03 (0.39) 3.072 < 0.05

Noun Frequency 26.01 (3.93) 20.61 (2.84) 1.115 0.269

No. of Strokes 14.89 (0.78) 14.42 (0.56) 0.494 0.623

The Standard Error of the Mean is shown in parentheses.
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p = 0.280) or an interaction of these factors (F (1, 19) = 0.438, 
p = 0.516). This suggested that strong and weak collocations were 
acceptable within both sentence frames.

The sentences were pseudo-randomly divided into two lists. For 
one list, half the collocation pairs were shown with the strong 
collocation paired with the predictive context and the weak collocation 
paired with the neutral context, and the other half of the sentence 
contexts had a reverse allocation of strong and weak collocations. For 
the other list, this allocation of collocations pairs to sentence contexts 
was reversed. Each list therefore included 72 experimental trials, with 
18 strong and 18 weak collocations in a predictive sentence frame and 
18 strong and 18 weak collocations in a neutral sentence frame. An 
additional 72 filler sentences were added to each list. As in Experiment 
1, the filler item were of similar length and readability as the 
experimental sentences.

Participants were pseudo-randomly allocated so that an equal 
number were assigned to each list. This ensured that each participant 
viewed the strong and weak collocation of each collocation pair only 
once and in a different context, viewed an equal number of strong and 
weak collocations in each context, and that each collocation was 
viewed an equal number of times in each context across the 
experiment. The experiment had a 2 (collocation type: stronger or 
weak) by 2 (context type: predictable or neutral) within-
participants design.

Apparatus and procedure

The same EyeLink 1,000 Plus (SR Research inc.) tower-mounted 
eye-tracker from Experiment 1was used to record gaze location from 
each participant’s right eye every millisecond during binocular 
reading. Sentences were displayed on a 19-inch monitor (1,024 × 768 
pixels) using Song font as black text on a light grey background. At 
71 cm viewing distance, each character subtended about 0.8° of 
visual angle.

As in Experiment 1, participants were instructed to read normally 
and for comprehension. They were then seated at the eye-tracker and 
a chin and forehead rest was used to minimize head movements. The 
eye-tracker was calibrated to each participant’s eye movements using a 
three-point horizontal calibration procedure (ensuring spatial error of 
less than 0.35°). Calibration accuracy was checked prior to each trial 
and the eye-tracker recalibrated as necessary to maintain high spatial 
accuracy. At the start of each trial, a fixation square appeared on the left 
side of the screen. Once this was fixated, the square disappeared and 
the sentence was presented with the first letter in the sentence replacing 
the square. Once the participant finished reading, he or she pressed a 
response button and the sentence would disappear to make way for a 
new trial or a comprehension question. On 25% of the trials, the 
participant was asked a comprehension question that required a yes or 
no answer. They responded by pressing one of two response buttons, 
and their answers were recorded by a computer. Each participant was 
involved in the experiment for approximately half an hour.

Data analysis

Separate analyses were conducted for the target phrase as a whole 
and for its noun (see Carrol and Conklin, 2014; Vilkaite, 2016; Li et al., 

2021). For the full phrase analyses, we report first-pass reading time 
(FPRT) as a measure of first-pass reading time, and regression-path 
reading time (RPRT) and total reading time (TRT) as measures of 
later processing. For the noun analyses, we  report word-skipping 
(SKIP), first-fixation duration (FFD), single-fixation duration (SFD), 
and gaze duration (GD) as measures of first-pass reading. Additionally, 
we report regression-path reading time (RPRT) and total reading time 
(TRT), and as measures of later processing.2

Results

The comprehension accuracy was a mean of 95%, with all 
participants scoring more than 80% correct. The eye movement data 
was screened in the same way as in Experiment 1. Following the 
standard procedure, adjacent fixations were combined and short 
fixations (less than 80 ms) and long fixations (more than 1,200 ms) 
were deleted (affecting 5% of the data). In addition, any fixations that 
were more than 2.5 standard deviations away from the mean for each 
participant in each condition were excluded as outliers, which 
impacted 1.5% of all the fixations.

Phrase analyses

Descriptive and inferential statistics for the full phrase analyses 
are shown in Tables 8, 9, respectively. An effect of collocation strength 
was significant in all eye movement measures. This showed that strong 
collocations were processed more quickly compared to weak 
collocations, with this effect seen most clearly in late measures of 
processing. A main effect of context type was also significant in all eye 
movement measures. This showed that the four-character phrases 
were processed more quickly in predictive than neutral contexts, with 
these effects emerging during first-pass processing of the phrase and 
also observed in later measures. Crucially, there were no significant 
interactions between collocation strength and contextual 

2 As with Experiment 1, we conducted additional analyses that included 

mutual information and phrasal frequency in the models as continuous 

variables. For the collocation phrase, this produced main effects of collocation 

strength and context in first-pass reading times (collocation strength, β = 25.26, 

SE = 7.97, t = 3.17, p < 0.001; context, β = 39.99, SE = 9.43, t = 4.24, p < 0.001), and 

regression-path duration (collocation strength, β = 45.32, SE = 12.77, t = 3.55, 

p < 0.001; context, β = 71.66, SE = 16.72, t = 3.55, p < 0.001), with no indication of 

an interaction. These analyses produced significant effects of phrasal frequency 

but not mutual information. For the collocation noun, the analysis produced 

a main effect of collocation strength in gaze duration (β = 11.20, SE = 4.90, t = 2.23, 

p = 0.022), single-fixation duration (β = 8.65, SE = 4.22, t = 2.05, p = 0.044), 

regression-path duration (β = 23.21, SE = 9.02, t = 2.57, p = 0.010), and total reading 

times (β = 11.20, SE = 4.90, t = 2.23, p = 0.022), with no effects of context or an 

interaction. These analyses produced significant effects of phrasal frequency 

but not mutual information. The indication from both sets of analyses is that 

the dichotomized variable of collocation strength had predictive power even 

when mutual information and phrasal frequency were included in the model 

as continuous variables.
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predictability, suggesting that effects of collocation strength occurred 
independently of contextual constraint.

Noun analyses

Descriptive and inferential statistics for the collocation nouns are 
shown in Tables 10, 11, respectively. An effect of collocation strength 
was significant in word-skipping, gaze duration and in later reading 
time measures (i.e., RPRT and TRT). Compared to the weak 
collocations, the strong collocations had higher skipping rates, and 
shorter gaze durations during first-pass processing, and shorter 
regression-path and total reading times during later processing. A 
main effect of context type was also significant in word-skipping and 
single-fixation durations. This was due to higher word-skipping and 
shorter first-fixation durations for the noun in predictable compared 
to neutral contexts. No significant interactions were observed in any 
of the measures, again suggesting that effects of contextual strength 
were observed independently of contextual constraint.

Discussion

The results of Experiment 2 produced clear effects of collocation 
strength and contextual predictability. The effect of collocation 
strength was due to “strong” collocations that have a high frequency 
of written usage being read faster than “weak” collocations that are 
used less often in written language. The indication, therefore, is that 

readers can perceive the frequency of collocation use, so that 
collocative phrases that are encountered more often can be processed 
more easily. There was also some indication from analyses of eye 
movements for the noun region that this processing benefit may be a 
consequence of readers predicting the sequence of words in the 
“strong” four-character collocations, so that the noun was more likely 
to be skipped in “strong” compared to “weak” collocations.

As in Experiment 1, we  also obtained an effect of contextual 
predictability, such that the “strong” and “weak” collocations were 
read faster in predictable than neutral contexts. This demonstrates the 
effectiveness of our manipulation of the phrases predictability. 
Consistent with Experiment 1 and previous research by Li et  al. 
(2021), there was no interaction effect, and so no indication that 
contextual predictability modulated the collocation effect we observed. 
The processing advantage for “strong” collocations over “weak” 
collocations may reflect the readers’ knowledge of the frequency that 
words tend to co-occur in phrases rather than a specific form of 
contextual predictability.

General discussion

With the present experiments, we investigated whether there is a 
processing advantage for collocations, which are habitual 
juxtapositions of two or more words that express a specific meaning, 
in Chinese reading. We  focused on four-character verb-noun 
collocations, which have a rich usage in Chinese language. Following 
Li et  al. (2021), we examined in Experiment 1 whether there is a 
processing advantage for these collocations relative to control phrases 
presented in neutral sentence contexts or sentences in which the 
collocation is predictable from the prior context. The results showed 
very clearly that the collocations were read faster than the control 
phrases in both neutral and predictive contexts, with no modulating 
effect of contextual predictability.

Experiment 2 was designed as a follow-up study to investigate 
whether readers’ eye movements are sensitive to variation in the 
frequency of collocation use, by comparing eye movements for 
“strong” collocations, which have a high frequency of usage, and 
“weak” collocations, which have a lower frequency of usage, again in 
neutral contexts and contexts in which the collocation is highly 
predictable. The results showed a processing advantage for “strong” 
collocations, with shorter fixation duration for the “strong” 
collocations relative to the “weak collocations.” The finding that 
skipping rates were higher for the noun in “strong” versus “weak” 
collocations additionally suggested that the word sequence was more 
predictable for collocations which are frequently used.

Our findings were in line with other research showing a specific 
processing advantage for four-character collocations in Chinese 

TABLE 8 Eye movement measures for the collocation phrases of Experiment 2.

Predictable context Neutral context

Strong collocation Weak collocation Strong collocation Weak collocation

FPRT (ms) 345 (8) 344 (8) 369 (8) 397 (9)

RPRT (ms) 486 (12) 533 (14) 549 (13) 608 (14)

TRT (ms) 486 (12) 533 (14) 549 (13) 608 (14)

The Standard Error of the Mean is shown in parentheses. FPRT, first-pass reading time, RPRT, regression-path reading time, TRT, total reading time.

TABLE 9 Summary statistics for the collocation phrase of Experiment 2.

Factor Statistic FPRT RPRT TRT

Intercept β 362.11 542.13 542.13

SE 17.15 34.46 34.46

t/z 21.11 15.73 15.73

Collocation 

(strong – weak)

β 14.45 55.09 55.09

β 6.81 10.65 10.65

SE 2.12* 5.17* 5.17*

Context 

(neutral - 

predictable)

β −40.08 −71.52 −71.52

β 9.73 18.30 18.30

SE −4.12* −3.91* −3.91*

Collocation x 

Context

β −22.22 −4.79 −4.79

β 13.62 21.31 21.31

SE −1.63 −0.23 −0.23

Asterisks indicate statistically significant effects, p < 0.05. FPRT, first-pass reading time, 
RPRT, regression-path reading time, TRT, total reading time.

https://doi.org/10.3389/fpsyg.2023.1235735
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Li et al. 10.3389/fpsyg.2023.1235735

Frontiers in Psychology 10 frontiersin.org

reading (Lv and Shi, 2016; Jiang et al., 2020). The findings are also 
consistent with the evidence from other research on eye movements 
showing a processing advantage for collocations over non-collocations 
(Vilkaite, 2016), and for “strong” collocations with a high frequency 
of usage over “weaker” collocations with a lower frequency of usage 
(Sonbul, 2015). Finally, the present findings are consistent with Li 
et  al.’s (2021) finding that a collocation processing advantage is 
observed regardless of whether phrases are read in a neutral sentence 
context or one where the collocation is contextually predicted. This 
latter finding is important in the context of the claim that 
co-occurrence statistics (specifically, transitive probabilities, 
McDonald and Shillcock, 2003a,b) may be  a specific instance of 
contextual constraint that captures the likelihood of words being used 
together in particular linguistic contexts (Frisson et al., 2005). The 
findings that a processing advantage for collocations is observed in 
contexts where the phrase is predicted or not provide some evidence 
that this processing advantage is not contextually driven.

The present findings add to evidence of the importance of multi-
word sequences in reading. There is growing evidence that readers can 
exploit the redundancy in the linguistic input provided by various 
types of formulaic language, including the collocations investigated in 
the present experiments, but also idioms and spaced compounds (e.g., 
Siyanova-Chanturia et al., 2011; Cutter et al., 2014; Yu et al., 2016). 

Experiments like those presented here show that knowledge of such 
expressions can speed language processing, while other evidence 
suggests that the use of collocations reduces the burden on working 
memory (e.g., Millar, 2011). Some researchers have argued that the 
repeated use of a collocation or other formulaic expressions alters how 
linguistic information is represented in the mental lexicon (Croft and 
Cruse, 2004; see also Bybee, 2006). Specifically, some researchers 
propose that through repeated exposure formulaic language including 
collocations becomes lexicalized so that multi-word sequences are 
mentally-represented as a single lexical unit (e.g., Wray, 2002; 
Underwood et al., 2004; Conklin and Schmitt, 2008, 2012; Siyanova-
Chanturia et al., 2011; Zang, 2019). The present findings contribute to 
debate about this issue by showing that the relative frequency of usage 
of “strong” and “weak” collocations can influence eye movements 
during reading, and that this effect cannot be explained simply in 
terms of a specific form of contextual constraint.

This and other evidence about the processing of formulaic 
language is also valuable to the advance of computational models of 
reading. As mentioned in the Introduction, the existing models, such 
as the E-Z Reader model (Reichle et  al., 1998, 2003), base their 
fundamental assumptions on the computation of lexical frequency 
within words, rather than phrases. The present findings contribute to 
the increasing amount of evidence indicating that readers’ eye 

TABLE 10 Eye movement measures for the collocation noun of Experiment 2.

Predictable context Neutral context

Strong collocation Weak collocation Strong collocation Weak collocation

SKIP (%) 24 (2) 20 (2) 18 (2) 14 (1)

FFD (ms) 225 (3) 229 (3) 230 (3) 232 (3)

SFD (ms) 221 (4) 227 (4) 230 (5) 234 (5)

GD (ms) 244 (5) 254 (5) 244 (4) 255 (5)

RPRT (ms) 316 (8) 350 (10) 322 (8) 360 (9)

TRT (ms) 316 (8) 350 (10) 322 (8) 360 (9)

The Standard Error of the Mean is shown in parentheses. SKIP, word-skipping rate, FFD, first-fixation duration, SFD, single-fixation duration, GD, gaze duration, RPRT, regression-path 
reading time, TRT, total reading time.

TABLE 11 Summary statistics for the collocation noun of Experiment 2.

Factor Statistic SKIP FFD SFD GD RPRT TRT

Intercept β −1.64 227.98 228.84 246.79 328.53 328.53

SE 0.14 4.62 4.66 5.99 15.60 15.60

t/z −11.39 49.31 49.10 41.21 21.06 21.06

Collocation

(strong – weak)

β −0.27 3.10 4.96 10.48 36.03 36.03

SE 0.10 3.07 4.16 4.29 7.78 7.78

t/z 2.58* 1.01 1.19 2.45* 4.63* 4.63*

Context

(neutral - predictable)

β 0.44 −5.45 −8.87 −2.34 −12.05 −12.05

SE 0.13 3.11 4.17 6.15 11.41 11.41

t/z 3.47* −1.76 −2.13* −0.38 −1.06 −1.06

Context x Collocation

β 0.02 4.01 4.17 1.26 −1.12 −1.12

SE 0.21 6.14 8.34 8.57 15.57 15.57

t/z 0.09 0.65 0.50 0.15 −0.08 −0.08

Asterisks indicate statistically significant effects, p < 0.05. SKIP, word-skipping, FFD, first-fixation duration, SFD, single-fixation duration, GD, gaze duration, RPRT, regression-path reading 
time, TRT, total reading time.
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movements are influenced by the frequency of usage of formulaic 
sequences such as idioms, spaced compounds, and collocations. Such 
findings demonstrate that eye movement control in reading is sensitive 
to frequency effects for linguistic units that include more than one 
word. Accordingly, such findings suggest that the existing models of 
eye movement control during reading may require adjustments that 
consider the frequency of usage of multi-component units and 
individual words, in order to explain the complete linguistic frequency 
effects in reading.

Data availability statement

The datasets presented in this study can be  found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be found in the article/supplementary material.

Ethics statement

This experiment received ethical approval from the research ethics 
committee at Zhejiang University, and was conducted in accordance 
with the principles of the Declaration of Helsinki. The participants 
provided their written informed consent to participate in this study.

Author contributions

HL, XW, and DL designed the experiments. HL collected and 
analysed the data. HL and KP wrote the manuscript. DL provided the 
data source. HZ revised the research materials. XW and DL gave 

critical comments. All authors contributed to the article and approved 
the submitted version.

Funding

The research was supported by a Major Project of National Social 
Science Fund of China (14ZDB155), and a Humanities and Social 
Science Foundation grant from the Education Ministry of the People’s 
Republic of China (No. 19YJC740027).

Acknowledgments

The authors thank all participants and reviewers.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
Baayen, R. H., Davidson, D. J., and Bates, D. M. (2008). Mixed-effects modeling with 

crossed random effects for subjects and items. J. Mem. Lang. 59, 390–412. doi: 10.1016/j.
jml.2007.12.005

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

Bates, D., Maechler, M., and Bolker, B. (2012). lme4: linear mixed-effects models using 
S4 classes. R package version 0.999999–0. Available at: http://CRAN.R-project.org/.

Biber, D., Johansson, S., Leech, G., Conrad, S., and Finegan, E. (1999). Longman 
grammar of spoken and written English. Harlow, England: Longman.

Bybee, J. (2006). From usage to grammar: the mind’s response to repetition. Language 
82, 711–733. doi: 10.1353/lan.2006.0186

Cai, Q., and Brysbaert, M. (2010). Subtlex-ch: Chinese word and character frequencies 
based on film subtitles. PLoS One 5:e10729. doi: 10.1371/journal.pone.0010729

Carrol, G., and Conklin, K. (2014). Getting your wires crossed: Evidence for fast 
processing ofL1 idioms in an L2. Bilingualism: Lang. Cogn. 17, 784–797. doi: 10.1017/
S1366728913000795

Conklin, K., and Schmitt, N. (2008). Formulaic sequences: are they processed more 
quickly than nonformulaic language by native and nonnative speakers? Appl. Linguis. 
29, 72–89. doi: 10.1093/applin/amm022

Conklin, K., and Schmitt, N. (2012). The processing of formulaic language. Annu. Rev. 
Appl. Linguist. 32, 45–61. doi: 10.1017/S0267190512000074

Croft, W., and Cruse, D. A. (2004). Cognitive linguistics. New York: Cambridge 
University Press.

Cutter, M. G., Drieghe, D., and Liversedge, S. P. (2014). Preview benefit in English spaced 
compounds. J. Exp. Psychol. Learn. Mem. Cogn. 40, 1778–1786. doi: 10.1037/xlm0000013

Durrant, P., and Doherty, A. (2010). Are high-frequency collocations psychologically 
real? Investigating the thesis of collocational priming. Corpus Linguist. Linguist. Theory 
6, 125–155. doi: 10.1515/cllt.2010.006

Ellis, N. C., Frey, E., and Jalkanen, I. (2009). “The psycholinguistic reality of collocation 
and semantic prosody (1): Lexical access” in Exploring the lexis-grammar interface. eds. 
U. Ro¨mer and R. Schulze (Amsterdam: John Benjamins), 89–114.

Frisson, S., Rayner, K., and Pickering, M. J. (2005). Effects of contextual predictability 
and transitional probability on eye movements during reading. J. Exp. Psychol. Learn. 
Mem. Cogn. 31, 862–877. doi: 10.1037/0278-7393.31.5.862

Gou, X. D., Rao, G. Q., Xie, J. L., and Zang, J. J. (2015). Construction and application 
of diachronic retrieval system of modern Chinese vocabulary. Chin. J. Inform. 29, 
169–176.

Gries, S. T., and Ellis, N. C. (2015). Statistical measures for usage-based linguistics. 
Lang. Learn. 65, 228–255. doi: 10.1111/lang.12119

Hunston, S. (2002). Corpora in applied linguistics Cambridge University Press 
Available at: https://doi.org/10.1017/CBO9781139524773.

Jiang, S., Jiang, X., and Siyanova-Chanturia, A. (2020). The processing of multiword 
expressions in children and adults: an eye-tracking study of Chinese. Appl. Psycholinguist. 
41, 901–931. doi: 10.1017/S0142716420000296

Lenth, R. (2017). Emmeans: estimated marginal means, aka least-squares means. R 
package version 0.9.1. Available at: https://CRAN.R-project.org/package=emmeans

Lexicon of Common Words in Contemporary Chinese Research Team. (2008). 
Lexicon of common words in contemporary Chinese. Beijing, China: The Commercial Press.

Li, H., Paterson, K. B., Warrington, K. L., and Wang, X. (2022). Insights into the 
processing of collocations during l2 English reading: evidence from eye movements. 
Front. Psychol. 13:845590. doi: 10.3389/fpsyg.2022.845590

Li, H., Warrington, K. L., Pagan, A., Paterson, K. B., and Wang, X. (2021). 
Independent effects of collocation strength and contextual predictability on eye 
movements during reading. Lang. Cogn. Neurosci. 36, 1001–1009. doi: 10.1080/ 
23273798.2021.1922726

Liversedge, S. P., and Findlay, J. M. (2000). Saccadic eye movements and cognition. 
Trends Cogn. Sci. 4, 6–14. doi: 10.1016/s1364-6613(99)01418-7

https://doi.org/10.3389/fpsyg.2023.1235735
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.jml.2007.12.005
https://doi.org/10.1016/j.jml.2007.12.005
https://doi.org/10.1016/j.jml.2012.11.001
http://CRAN.R-project.org/
https://doi.org/10.1353/lan.2006.0186
https://doi.org/10.1371/journal.pone.0010729
https://doi.org/10.1017/S1366728913000795
https://doi.org/10.1017/S1366728913000795
https://doi.org/10.1093/applin/amm022
https://doi.org/10.1017/S0267190512000074
https://doi.org/10.1037/xlm0000013
https://doi.org/10.1515/cllt.2010.006
https://doi.org/10.1037/0278-7393.31.5.862
https://doi.org/10.1111/lang.12119
https://doi.org/10.1017/CBO9781139524773
https://doi.org/10.1017/S0142716420000296
https://CRAN.R-project.org/package=emmeans
https://doi.org/10.3389/fpsyg.2022.845590
https://doi.org/10.1080/23273798.2021.1922726
https://doi.org/10.1080/23273798.2021.1922726
https://doi.org/10.1016/s1364-6613(99)01418-7


Li et al. 10.3389/fpsyg.2023.1235735

Frontiers in Psychology 12 frontiersin.org

Liversedge, S. P., Paterson, K. B., and Pickering, M. J. (1998). “Eye movements and 
measures of reading time” in Eye guidance in reading and scene perception (pp. 55–75). 
ed. G. Underwood (Oxford: Elsevier).

Lv, X., and Shi, J. W. (2016). How Chinese collocations affect word recognition? Stud. 
Psychol. Behav. 14, 453–458.

McDonald, S. A., and Shillcock, R. C. (2003a). Eye movements reveal the on-line 
computation of lexical probabilities during reading. Psychol. Sci. 14, 648–652. doi: 
10.1046/j.0956-7976.2003.psci_1480.x

McDonald, S. A., and Shillcock, R. C. (2003b). Low-level predictive inference in 
reading: the influence of transitional probabilities on eye movements. Vis. Res. 43, 
1735–1751. doi: 10.1016/s0042-6989(03)00237-2

Millar, N. (2011). The processing of malformed formulaic language. Appl. Linguis. 32, 
129–148. doi: 10.1093/applin/amq035

R Core Team. (2019). R: a language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria.

Rayner, K. (1998). Eye movements in reading and information processing 20 years of 
research. Psychol. Bull. 124, 372–422. doi: 10.1037/0033-2909.124.3.372

Rayner, K. (2009). Eye movements and attention in reading, scene perception,  
and visual search. Q. J. Exp. Psychol. 62, 1457–1506. doi: 10.1080/ 
17470210902816461

Rayner, K., and Well, A. D. (1996). Effects of contextual constraint on eye movements 
in reading: a further examination. Psychon. Bull. Rev. 3, 504–509. doi: 10.3758/
BF03214555

Reichle, E. D., Pollatsek, A., Fisher, D. L., and Rayner, K. (1998). Toward a model of 
eye movement control in reading. Psychol. Rev. 105, 125–157. doi: 10.1037/0033-295X. 
105.1.125

Reichle, E. D., Rayner, K., and Pollatsek, A. (2003). The E-Zreader model of eye-
movement control in reading: comparisons to other models. Behav. Brain Sci. 26, 
445–476. doi: 10.1017/S0140525 X03000104

Siyanova-Chanturia, A., Conklin, K., and van Heuven, W. J. B. (2011). Seeing a phrase 
“time and again” matters: the role of phrasal frequency in the processing of multiword 
sequences. J. Exp. Psychol. Learn. Mem. Cogn. 37, 776–784. doi: 10.1037/a0022531

Sonbul, S. (2015). Fatal mistake, awful mistake, or extreme mistake? Frequency effects 
on off-line/on-line collocational processing. Biling. Lang. Congn. 18, 419–437. doi: 
10.1017/S1366728914000674

Song, D. G., and Li, D. G. (2021). Psycholinguistic norms for 3,783 two- character 
words in simplified Chinese. SAGE Open 11, 215824402110544–215824402110515. doi: 
10.1177/21582440211054495

Underwood, G., Schmitt, N., and Galpin, A. (2004). The eyes have it: an eye-movement 
study into the processing of formulaic sequences. In N. Schmitt (ed.), Formulaic 
sequences (pp.153–172). Amsterdam, the Netherlands: John Benjamins.

Venables, W. N., and Ripley, B. D. (2002). Modern applied statistics with S. 4th Edn 
New York, USA: Springer.

Vilkaite, L. (2016). Are non-adjacent collocations processed faster? J. Exp. Psychol. 
Learn. Mem. Cogn. 42, 1632–1642. doi: 10.1037/xlm0000259

Vilkaite, L., and Schmitt, N. (2019). Reading collocations in an L2: do collocation 
processing benefits extend to non-adjacent collocations? Appl. Linguis. 40, 329–354. doi: 
10.1093/applin/amx030

Wolter, B., and Yamashita, J. (2014). Processing collocations in a second language: a case of 
first language activation? Appl. Psycholinguist. 36, 1193–1221. doi: 10.1017/S0142716414000113

Wray, A. (2002). Formulaic language and the lexicon. Cambridge: Cambridge 
University Press.

Yu, L., Cutter, M. G., Yan, G., Bai, X., Fu, Y., Drieghe, D., et al. (2016). Word n+2 
preview effects in three-character Chinese idioms and phrases. Lang. Cogn. Neurosci. 
31, 1130–1149. doi: 10.1080/23273798.2016.1197954

Zang, C. (2019). New perspectives on serialism and parallelism in oculomotor control 
during reading: the multi-constituent unit hypothesis. Vision 3, 1–13. doi: 10.3390/
vision3040050

https://doi.org/10.3389/fpsyg.2023.1235735
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1046/j.0956-7976.2003.psci_1480.x
https://doi.org/10.1016/s0042-6989(03)00237-2
https://doi.org/10.1093/applin/amq035
https://doi.org/10.1037/0033-2909.124.3.372
https://doi.org/10.1080/17470210902816461
https://doi.org/10.1080/17470210902816461
https://doi.org/10.3758/BF03214555
https://doi.org/10.3758/BF03214555
https://doi.org/10.1037/0033-295X.105.1.125
https://doi.org/10.1037/0033-295X.105.1.125
https://doi.org/10.1017/S0140525 X03000104
https://doi.org/10.1037/a0022531
https://doi.org/10.1017/S1366728914000674
https://doi.org/10.1177/21582440211054495
https://doi.org/10.1037/xlm0000259
https://doi.org/10.1093/applin/amx030
https://doi.org/10.1017/S0142716414000113
https://doi.org/10.1080/23273798.2016.1197954
https://doi.org/10.3390/vision3040050
https://doi.org/10.3390/vision3040050

	Is there a processing advantage for verb-noun collocations in Chinese reading? Evidence from eye movements during reading
	Introduction
	Method
	Experiment 1
	Participants
	Stimuli and design
	Apparatus and procedure
	Data analysis

	Results
	Phrase analysis
	Noun analysis

	Discussion
	Experiment 2
	Participants
	Stimuli and design
	Apparatus and procedure
	Data analysis

	Results
	Phrase analyses
	Noun analyses

	Discussion
	General discussion

	Data availability statement
	Ethics statement
	Author contributions

	References

