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Abstract

Collocations, defined as sequences of frequently co-occurring words, show a processing advan-
tage over novel word combinations in both L1 and L2 speakers. This collocation advantage is
mainly observed for canonical configurations (e.g., provide information), but collocations can
also occur in variation configurations (e.g., provide some of the information). Variation collo-
cations still show a processing advantage in L1 speakers, but generally not in L2 speakers. The
present eye-tracking-while-reading experiment investigated word order variation by passivising
collocations (e.g., information was provided) in L1 and advanced L2 speakers of English. Altering
word order did not eliminate the collocation advantage in either L1 or L2 speakers. The
collocation effect was independent of contextual predictability and modulated by L2 proficiency.
Results support the view that collocations are stored and retrieved via semantic representation
rather than as holistic form chunks and that collocation processing does not qualitatively differ
between L1 and advanced L2 speakers.

Highlights

o Changing the word order of L1 collocations did not disrupt the processing advantage
o L2 speakers also maintained the processing advantage in reversed collocations
o The collocation advantage was independent of contextual predictability

1. Introduction

Collocations have attracted much attention among researchers investigating language processing
in both first (L1) and second (L2) languages due to consistent evidence of a ‘collocation
advantage’. This refers to the phenomenon where collocations (e.g., provide information) are
processed faster than novel'! word combinations (e.g., compare information). The collocation
advantage suggests that the frequency effect on language processing extends beyond single words
and applies to multi-word sequences (MWSs) as well. While such evidence aligns with current
views that MWSs — including collocations, idioms, and lexical bundles — are fundamental
building blocks of language (Arnon et al., 2017; Arnon & Snider, 2010), this view of MWSs
contrasts with earlier research, which for a long time focussed on single words (Pinker, 1991;
Pinker & Prince, 1988).

Despite the growing body of research on collocations, there is limited understanding of how
variations in collocation configurations — such as word order changes — affect processing,
particularly in natural reading contexts. Prior research on collocations has largely concentrated
on their canonical forms, revealing consistent processing advantages for L1 and proficient L2
speakers alike (e.g., Li et al., 2022; Oksiiz et al., 2021; Sonbul, 2015). However, studies addressing
variation in collocations remain sparse, with mixed findings on the effects of non-adjacency
(Vilkaite, 2016; Vilkaité & Schmitt, 2019), morphological variations (Vilkaité-Lozdiené, 2022),
and word order changes (Vilkaité-Lozdiené & Conklin, 2021). Furthermore, while the flexibility
of collocations makes them a critical area of investigation distinct from other fixed expressions,
studies on their non-canonical forms have primarily examined L1 speakers, leaving gaps in
understanding L2 processing. This study addresses these limitations by exploring the effects of
word order changes in L1 and L2 collocations using eye-tracking during reading, a method that
provides fine-grained insights into both early and later stages of processing.

"To align with the literature (e.g., Kyriacou et al., 2020; Vilkaité-Lozdiené, 2022; Vilkaité-Lozdiené & Conklin,
2021), we used the term “novel” to refer to the baseline. However, this does not imply that a novel word combination
is entirely new. Rather, “novel” refers to word combinations less probable than highly frequent collocations.
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1.1. Defining and identifying collocations

We define collocations as sequences of words that co-occur more
frequently than we expect by chance (Biber et al., 1999); for example,
provide information is more frequent than novel sequences of words
such as compare information. Based on this definition, we identify
collocations using the frequency-based approach (Sinclair, 1991),
whereby collocations are extracted from a corpus using association
measures that measure the strength of the co-occurrence between two
words (Hunston, 2022). This approach is generally adopted in previ-
ous eye-tracking studies of collocation processing (e.g., Li et al., 2021;
Sonbul, 2015; Vilkaité, 2016; Vilkaité-Lozdiené 2022). Among the
association measures that can be used to identify collocations, follow-
ing Vilkaité-Lozdiené (2022), we adopted not only the frequency of
the phrase but also the Mutual Information (MI) score?, a common
measure of exclusivity. A higher MI score indicates that the words in a
collocation are more exclusively associated and less likely to form
other collocations. We included only phrases with an MI score larger
than 3 (Hunston, 2022). To avoid including idioms, we excluded
phrases that were listed in the Oxford Dictionary of English Idioms
(Ayto, 2009).

The frequency-based approach we adopted is not the only one,
and different approaches identify partly different sets of colloca-
tions. The alternative approach, the phraseology-based method,
emphasises the role of semantic specification and restrictedness
in lexical compositionality (Cowie, 1998; Howarth, 1998; Nessel-
hauf, 2003), with expressions becoming increasingly more
restricted from free combinations to collocations to idioms. Thus,
collocations identified with this method are generally neither fully
compositional nor fully semantically transparent (e.g., take pictures,
draw conclusions). Using a phraseology-based approach, Gyllstad
and Wolter (2016) found that increased semantic restrictedness led
to increased collocation processing effort for both L1 and L2
speakers (Gyllstad & Wolter, 2016).

1.2. Collocation processing in L1

Studies using an adapted lexical decision task found that L1
speakers process collocations (e.g., provide information) faster than
novel word combinations (e.g., compare information) (e.g., Durrant
& Doherty, 2010; Siyanova & Schmitt, 2008; Wolter & Gyllstad,
2011, 2013; Wolter & Yamashita, 2015, 2018). This collocation
advantage cannot be fully explained by associative priming
(Durrant & Doherty, 2010), even though collocation components
can be associated, as shown by word association norms (e.g., the
Edinburgh Association Thesaurus, Kiss et al., 1973).

Eye-tracking studies identified other factors affecting the collo-
cation effect. Tasks that involve judgements, such as the ones above,
do not reflect natural reading and only measure the endpoint of
processing. Eye-tracking provides a more ecological approach to
researching collocation processing. It also provides measures tap-
ping into earlier stages of processing (e.g., first fixation duration,
gaze duration) and those that capture reanalysis and deeper pro-
cessing (e.g., total reading time, fixation counts) (Clifton et al., 2007;
Holmgqpvist et al., 2011; Rayner, 1998).

Eye-tracking studies generally use different approaches to iden-
tify collocations. Early studies (Frisson et al., 2005; McDonald &
Shillcock, 2003b, 2003a) used transitional probabilities (TP, the
statistical likelihood that a word will precede or follow another

MI scores operate on a scale without a minimum and maximum (Gablasova
etal, 2017).
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word). More recent studies (Li et al., 2021; Sonbul, 2015; Vilkaité,
2016; Vilkaité-Lozdiené 2022) use collocational frequency and MI
scores that take into account a more flexible collocation window.
Both methods are frequency-based and use quantitative evidence of
word co-occurrence in corpora but result in different selections of
collocations (Gablasova et al., 2017). To illustrate, word pairs that
were selected based on an MI score of 3 (Vilkaité, 2016) had much
higher phrase-level frequency and TP than those selected based on
TP (Frisson et al., 2005) (360 versus 60, and .0127 versus .00677,
respectively)®.

Early eye-tracking studies using TP found that collocations
(high-TP) are read faster than control (low-TP) sequences in L1
speakers, but also that this advantage may result from contextual
predictability. McDonald and Shillcock (2003a, 2003b) found that
high-TP verb-noun pairs (e.g., accept defeat) had shorter reading
times than low-TP ones (e.g., accept losses) in L1 speakers. This
appeared in early eye movement measures, suggesting that TP
affects immediate processing. However, Frisson et al. (2005)
extended this research by introducing a contextual manipulation
that made the high-TP and low-TP verb-noun pairs either predict-
able or not from the preceding context and found strong early
effects of contextual predictability, but no independent effect of
TP. Frisson et al. suggested that contextual predictability rather
than TP affects reading and that TP is one of the sources readers can
use to guide prediction. Hence, it can be challenging to disentangle
contextual predictability and TP because contextual predictability,
as measured by cloze probabilities (see below), likely captures some
degree of TP. This raises questions about whether collocation
effects are driven by contextual predictability.

Recent eye-tracking research on collocations has adopted both
phrase-level frequency and MI as the selection method and con-
sistently found that collocations identified in this way are read faster
than novel word combinations in L1 speakers (Li et al., 2021;
Sonbul, 2015; Vilkaité, 2016; Vilkaité-Lozdiené 2022). Further-
more, Lietal. (2021) used a 2x2 design (collocation strength: strong
collocations versus weak collocations; context: predictable versus
neutral context) with L1 speakers. Collocation strength and pre-
dictability effects were observed without interaction, indicating that
the collocation strength effect found in both early and late eye-
tracking measures did not depend on contextual predictability.

These studies found that collocations are read faster than non-
collocations and this effect appears in early eye-tracking measures
(e.g., first-run reading times). However, it seems premature to
accept this conclusion due to difficulty in controlling confounds.
For example, Li et al. (2021), discussed above, operationalised
contextual predictability as cloze probability (Taylor, 1953). The
widely used cloze probability test estimates predictability by asking
participants to provide the next word(s) to continue a sentence
fragment. Li et al. asked participants to fill in a word for an incomplete
sentence up to the start of the collocation (e.g., My friend and I made a

), providing a predictability value for the first word (fatal) of the
collocation (fatal mistake). However, no cloze test was done for the
second word of the MWS (which can be estimated using the same task
but including the first word, e.g., My friend and I made a fatal ).
If, as argued by Frisson et al. (2005), TP can affect cloze, the predict-
ability of the second word is likely higher for collocations than in
matched free sequences, which could have driven the early collocation
effect found in Li et al. (2021).

*Phrase-level frequencies were extracted from the BNC and are expressed as
raw occurrences per 100 million. TP was calculated using the raw number of
occurrences.
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Most studies mentioned above focused on collocations in their
canonical forms. However, it is also important to investigate
whether the collocation advantage extends to non-canonical forms,
as modified collocations are common. This could shed light on
whether collocations are stored and processed as fixed units with
distinct forms and meanings or accessed and produced based on
their meaning, even when the form varies.

1.3. Processing non-canonical collocations in L1

Multi-word sequences, including collocations, have a canonical
form (Moon, 1998) but can undergo some degree of form variation
while retaining their meaning. The form of collocations can be
modified in different ways: (1) inserting words between the compo-
nent words, making them non-adjacent (e.g., provide information
versus provide some of the information), (2) varying morphological
forms (provide information versus providing/provided information),
and (3) varying word order (provide information versus information
was provided).

Few studies have looked at the effect of variation on MWSs
processing in L1 speakers, and the evidence on whether modified
MWSs retain an online processing advantage is inconsistent. Moli-
naro et al. (2013) combined neural and behavioural measures and
modified lexical bundles(e.g., in the hands of) by inserting a pre-
modifying adjective (capable) before the first noun (hands) (e.g., in
the capable hands of). The self-paced reading results showed longer
reading times for both the noun (hands) and the following word
(of) in the variation condition, compared to the canonical forms.
The longer RTs in the variation condition suggest that extra pro-
cessing is required when the canonical form is disrupted, or add-
itional effort is needed to integrate the inserted word into the
context. In contrast, there was a reduced N400* amplitude for the
noun (hands) in the variation condition compared to the lexical
bundles, indicating easier semantic processing and contextual inte-
gration. The reduced N400 may show that inserting an adjective
does not disrupt lexical bundle processing. However, a Left Anter-
ior Negativity> (LAN) was found for the noun that followed a
variation lexical bundle (e.g., restorers in in the (capable) hands of
restorers), suggesting additional difficulty in processing and inte-
grating non-canonical MWSs. In short, the mixed findings of the
study by Molinaro et al. do not provide conclusive evidence for a
processing (dis)advantage for variation MWSs.

Conversely, two eye-tracking studies with L1 speakers showed
that morphological variation and non-adjacent collocations can
retain a processing advantage. Participants consistently processed
collocations faster than novel word combinations in both early and
late eye-tracking measures with both adjacent and non-adjacent
verb-noun collocations (e.g., provide information and provide some
of the information; Vilkaité, 2016). Furthermore, Vilkaité-Lozdiené
(2022) found that collocations retained their processing advantage
when their morphological forms were changed. Native Lithuanian
readers were presented with stories containing verb-object collo-
cations and novel word combinations, each in three morphological
forms: the canonical form, namely infinitive + accusative (e.g., Svesti
pergale, ‘to celebrate the victory’), past tense third person + accusa-
tive (e.g., Sventé pergale, ‘celebrated the victory’), and attributive
passive participle (e.g., $vesta pergale, ‘the victory one celebrated’).

*The N400 is closely related to the semantic processing of a word and the ease
of integrating it into an unfolding sentence (Holcomb, 1988).

LAN is often evoked by anomalies or increased working load (Kutas &
Federmeier, 2000).
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At the phrase level (i.e., whole-phrase reading times), collocations
were read faster than controls across morphological form vari-
ations. The collocation advantage was found only in late
(i.e., total reading times), but not early, eye-tracking measures.
Additionally, collocations in their canonical form were read the
fastest, while past tense collocations were read the slowest, though
still faster than their corresponding controls. At the final word level
(i.e., reading times for the final word of collocations), both early and
late measures revealed faster reading times for all collocation forms,
and collocation variations were fixated less often than controls.

To our knowledge, there have been no eye-tracking-during-
reading studies of word order changes on collocation processing.
What evidence we have comes from a judgment task study of
collocations (Vilkaité-Lozdiené & Conklin, 2021) and an eye-
tracking study of idioms (Kyriacou et al., 2020). In a primed lexical
decision task, Vilkaité-Lozdiené and Conklin (2021) compared the
effects of forward and backward priming on collocation processing
in natives of English and Lithuanian, the latter a language with
higher flexibility of word order. In the forward condition, the prime
(e.g., attract) was the first word of a collocation (e.g., attract
attention), and the target (e.g., attention) was the second word of
the collocation. In the backward condition, the prime (e.g., atten-
tion) was the second word of a collocation, and the target (e.g.,
attract) was the first word of the collocation. Lithuanians showed
facilitative priming compared to control words in both conditions.
English natives showed a facilitative priming effect in the forward
but not in the backward condition due to the low flexibility of word
order in English. In an eye-tracking study examined word order
change for idioms in L1 English speakers, using passive construc-
tions (Kyriacou et al., 2020). They compared canonical idioms (e.g.,
he kicked the bucket) and idioms in their reversed forms (the bucket
was kicked) to their counterpart controls (e.g., he kicked the apple
versus the apple was kicked). Late eye-tracking measures for both
the phrase-level and word-level regions showed that word order
(canonical or reversed) and idiomaticity (idiom or control) were
significant predictors, and there was no interaction: idioms were
read faster than controls both in canonical and reversed word order,
and canonical idioms were read faster than reversed ones. These
findings suggest that reversed idioms retain the figurative meaning
associated with their canonical form and order. The present study
differs from Kyriacou et al. (2020) by focusing on collocations
rather than idioms. Collocations are more flexible and less rigid
in structure than idioms. Altering their word order can disrupt
meaning to varying extents, potentially leading to processing pat-
terns that differ from the more conventional idioms. Furthermore,
the current study explores how L2 speakers process non-canonical
collocations, investigating whether their approach aligns with that
of L1 speakers.

In conclusion, research on modified MWSs in L1 speakers is
limited and shows mixed results. Some studies indicate increased
processing effort with disrupted canonical forms, while others show
a retained advantage with non-adjacency, morphological form
variations, and word order changes. The situation is even more
challenging for L2 speakers, with only one study on processing
modified MWSs.

1.4. Processing collocations in L2

Although the studies above discussed the collocation processing
advantage in L1 speakers, a collocation advantage is also consist-
ently found in proficient L2 speakers of English (Li et al., 2022;
Oksiiz et al., 2021; Siyanova & Schmitt, 2008; Sonbul, 2015; Vilkaité
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& Schmitt, 2019; Wolter & Gyllstad, 2011, 2013). It appears that
phrase-level frequency affects both L1 and L2 speakers. For
example, L2 speakers judge more frequent collocations faster than
less frequent ones, similar to L1 speakers (Siyanova & Schmitt,
2008), and show a processing advantage for more frequent L2
collocations in early eye-tracking measures (Sonbul, 2015). Cru-
cially, all these studies found similarities between L1 and L2
speakers in the processing of canonical collocations.

To our knowledge, only one study has investigated the effects of
variation on L2 collocation processing, finding no collocation
advantage. Vilkaité and Schmitt (2019) presented advanced L2
speakers with the canonical and modified (non-adjacent) colloca-
tions used by Vilkaité (2016) with L1 speakers. The eye-tracking
data showed no processing advantage for non-adjacent collocations
in L2 speakers, though both L1 and L2 speakers showed an advan-
tage for canonical collocations. However, these L2 speakers had
various first languages, which could be a limitation because Wolter
and Gyllstad (2011, 2013) found that the L1 influences L2 colloca-
tion processing. Specifically, L2 speakers responded faster to L2
collocations that were congruent (i.e., having a semantically equiva-
lent collocation in the L1) compared with incongruent ones. To
address the issue, the present study restricted the sample to a single
L1 (Chinese) and focussed solely on congruent L2 collocations.

1.5. The present study

Both L1 and L2 speakers show a consistent advantage for canonical
collocations, but research on non-canonical forms has inconsistent
results. Furthermore, because research predominantly investigated
L1 speakers, it remains unclear how L2 speakers process modified
form collocations. The present study investigated how changes in
word order affect collocation processing during sentence reading
for both L1 and L2 speakers. Specifically, we examined whether
collocations maintained their processing advantage when the word
order was reversed (e.g., she brought peace -> peace was brought)
and whether similar effects were observed in advanced L2 speakers.
We investigated word order because it had been studied in
idioms (Kyriacou, 2020) but not in collocations. We adopted eye-
tracking, a more sensitive method than judgment tasks (as used in,
e.g. Vilkaité-Lozdiene & Conklin, 2021), and followed Kyriacou
(2020) in changing word order using passive constructions. We
controlled for context predictability in order to determine whether
the collocation effect is distinct from contextual predictability and
to identify when the collocation advantage emerges during reading
— whether immediately or only at a later stage of processing — in
both L1 and L2 readers. We tested advanced L2 speakers because
only one eye-tracking study had investigated their modified collo-
cation processing (Vilkaité-Lozdiené, 2022). We tested L2 speakers
with the same L1 (Chinese) to control for L1 congruency and
measured L2 speakers’ proficiency to investigate whether profi-
ciency modulates the collocation effect.

2. Method
2.1. Participants

Thirty-nine Chinese speakers of L2 English (age: M = 23.8,
SD = 3.06) and 40 native speakers of British English (age: M = 22,
SD = 3.93) were paid £7 to participate (one additional L2 speaker
was removed due to track loss). Because this was, to our knowledge,
the first eye-tracking study investigating word order effects on
collocation processing, it was difficult to conduct an appropriate
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power analysis for mixed effects models. To achieve a reliable effect
size, the present study had more observations (1920) than recent
eye-tracking collocations studies (1536 in Li et al.,, 2021; 1120 in
Vilkaité, 2016) per group. L2 participants’ English proficiency was
estimated using the LexTALE (Lexical Test for Advanced Learners
of English, Lemhofer & Broersma, 2012) and Vocabulary Levels
Test of 3k, 5kand 10 k (VLT, Schmitt et al., 2001). The vocabulary
score was used as an indicator of general English proficiency. The
average LexTALE score was 66.21 (out of 100) and the average VLT
score was 53.82 (out of 90), indicating relatively high L2 profi-
ciency. Both measurements, VLT and LexTALE, were included
because some previous research on modification collocation used
LexTALE (e.g., Vilkaité-Lozdiené & Conklin, 2021) while others
used VLT (e.g., Vilkaité & Schmitt, 2019). Including both measures
allowed for a comparison of the current results and characteristics
of L2 participants with those from previous research. On average,
L2 speakers started learning English at age 7.42 and spent 2.5 years
in an English-speaking country. Participants’ language background
and usage data are summarised in Supplementary materials
Table S1. All participants had normal or corrected vision and no
self-reported history of reading difficulties.

The participants gave informed consent. The experiment was
conducted in accordance with the British Psychological Society
ethical guidelines and was approved by the University of Birming-
ham’s ethical committee (ERN_19-0936).

2.2. Materials

Materials consisted of 192 verb-noun phrases. There were 48 sets of
four phrases, corresponding to four conditions. Items were embed-
ded within sentences consisting of four sections (see Figure 1). The
pre-target contexts and spill-over regions were the same across the
four conditions. The end-of-sentence region was kept the same
whenever possible, with some minor changes for naturalness (note
that this region was not analysed). Pre-target contexts were as
neutral and uninformative as possible, and collocations were placed
in the middle of sentences to avoid line breaks and sentence wrap-
up effects (Rayner et al., 2000).

Materials preparation. Initially, we selected frequent phrases
with an MI score over 3. Target phrases contained words from
the 2000 most frequent verb and noun lemmas in the British
National Corpus (BNC). We selected only collocations and
novel word combinations that that were usable in the passive
voice. To control for L1-L2 congruency effects, all collocations
had a semantic equivalent in Chinese (i.e., a direct word-for-
word translation,e.g., bring peace, 17 KM ), as assessed by five
Chinese native speakers. Seventy-nine collocation-novel word
combination pairs were selected for testing.

To match the lengths of the areas of interest in the canonical and
reversed conditions, a subject was added before canonical phrases
(Kyriacou et al., 2020). For example, he kicked the bucket and the
bucket was kicked both consist of four words. The tense was also
kept the same (e.g., they brought peace -> peace was brought; he had
prevented damage -> damage had been prevented).

Predictability. To assess predictability for final words in the
context sentences, 79 sentence frames were created, into which a
collocation and its corresponding novel word combination could be
inserted interchangeably (see Figure 1). The sentence frames were
split into four lists by a Latin square, with an item only appearing
once in each list, and each list containing a different condition of the
same item. Sixty British English participants (15 per list) provided
written continuations for sentences truncated immediately before
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Word order Pre-target context Target region Spill-over  End of
region sentence
Canonical they brought peace/meat
Margaret is not sure that to the village.
Reversed peace/meat was brought

Figure 1. Example of a sentence with a collocation and its control in canonical and reversed order.

Note: Collocations are underlined. Collocations and controls are separated by a slash.

the final word of the collocation or novel word combinations (e.g.,
Margaret is not sure that they brought , Margaret is not sure
that meat was , Margaret is not sure that peace was ).

After removing 31 pairs with high context predictability scores,
48 pairs were selected. Their predictability did not statistically differ
between canonical collocations and canonical novel word combin-
ations (#(47) = 0.44, p = .66), and between reversed collocations and
reversed novel word combinations (#(47) = 1.69, p =.09). The mean
cloze values for the final words of the 48 collocations (and their
controls) were below or near 1%. Hence, the preceding contexts
provided little information regarding the sentence continuation,
and collocations and novel word combinations were equally non-
predictable. Finally, another 15 native British speakers were asked
to continue the selected 48 sentences truncated before the whole
collocation/control (e.g., Margaret is not sure that ). Predict-
ability for these fragments was zero. Predictability scores are
reported in Supplementary materials Table S2.

Frequency and length. The 48 pairs of collocations and novel
word combinations were closely matched for individual word
length and word frequency (see Supplementary materials Table S2).
All frequency information, including individual word frequency
and phrasal-level frequency with different morphological forms,
was obtained from the BNC using Sketch Engine (Kilgarriff et al.,
2004). The verbs in each pair did not differ in lemma frequency (¢
(47) = —0.08, p = .93), past participle frequency (#(47) = 0.19,
p = .84), and root frequency (#(47) = —0.4, p = .64). The nouns
also did not differ in lemma frequency (#(47) = —0.23, p = .81) or
form frequency (#(47) =1.50, p = .13). The verbs’, nouns’, and items’
lengths were also matched within each pair (£#(47) = 0.44, p = .66; t
(47) = —0.57, p = .57; t(47) = —0.70, p = .49).

Apparatus and procedure. Participants were tested individually
in a quiet laboratory using an Eyelink 1000 SR Research eye-tracker
(SR Research, Ontario, Canada) with a tower mount recording the
right eye gaze location every millisecond during reading. All sen-
tences were displayed on one or two lines, and the regions of
interest never appeared at the end of a line. Sentences were pre-
sented in size 14 Courier New font as black text with white back-
ground. At the beginning of the experiment, a 5-point calibration
procedure was carried out, with re-calibrations as needed. Partici-
pants were instructed to read silently for comprehension at a
normal pace. At the start of each trial, a fixation cross appeared
on the left of the screen. After participants fixated on the cross, the
cross was replaced by a sentence. After reading a sentence, partici-
pants pressed the spacebar to remove it. To check that participants
were reading for meaning, half of the sentences were followed by a
comprehension question. Half of the questions required a “Yes”
answer and half a “No” answer. The reading experiment took about
20 mins for L1 participants and 30 mins for L2 participants.
Participants then completed a linguistic background questionnaire
and the two vocabulary tests. This took around 15 mins.

Pre-processing of data. Prior to analyses, sentences with major
track loss, for example, as a result of blinking, were removed (1% of
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trials). Following software standard fixation cleaning procedures,
short fixations below 80 ms were merged with nearby longer fix-
ations. Fixations under 100 ms and above 1000 ms were trimmed.
Participants generally had no difficulties answering comprehension
questions, with an average accuracy of 91% (92% for L1 speakers,
90% for L2 speakers). Trials with incorrect comprehension answers
were removed (5% of data). Fixation times more than 2.5 SDs from
the mean for each participant were excluded as outliers (3% of data).

Measures. Following (Carrol and Conklin 2014a) recommen-
dation and previous collocation studies (e.g., Li et al., 2021; Vilkait-
é-Lozdiené, 2022; Vilkaité, 2016), eye movement measures are
reported for two regions: the whole MWS and its final word. We
examined both because (1) the effect is more likely observed on the
final word after encountering the rest of the MWS, and (2) the effect
might occur both at the final word and when re-reading the MWS.

To capture both early and late processing, several reading meas-
ures were used. For the whole collocation region, early processing
measures consisted of first run reading time (sum of fixations on a
region before exiting the region for the first time); later processing
measures included regression path reading time (sum of all fixation
durations from entering an interest area until moving further in the
text) and selective regression path reading time (sum of fixation
durations from entering an interest area before moving further in
the text, excluding fixations on previous regions); and comprehen-
sive measures included total reading time (sum of all fixation
durations in a region of interest) and total fixation count (sum of
the number of fixations in a region of interest). For the final word
analysis, we report first fixation reading time (first fixation on a
word before exiting the region for the first time), first run reading
time, regression path reading time, selective regression path reading
time, total reading time, and total fixation count.

2.3. Statistical analysis

All analyses were carried out using R version 4.2.1 (R Core Team,
2022) with packages Ime4 (Bates et al., 2015) and ImerTest
(Kuznetsova et al., 2020). Data were analysed with a (generalised)
linear mixed effect model. Language-background was a between-
group factor with two levels (L1 speakers versus L2 speakers). There
were two within-group factors, each with two levels: phrase-type
(novel word combinations versus collocations) and word-order
(canonical versus reversed).

First, models were fitted with L1 and L2 speakers’ data separately,
in order to see how proficiency affected processing in L2 speakers and
when collocation advantage showed up in L1 speakers. Then, models
were constructed with both L1 and L2 speakers’ data together to test
for differences in collocation processing between L1 and L2 speakers.
For each dependent variable and each region of interest, a core model
included: phrase-type (sum coded: novel word combination: —1
versus collocation: 1), word-order (sum coded: reversed: —1 versus
canonical: 1) and their interaction as fixed effects. In all models, the
maximal random structure model included the interactions of
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experimental variables with both participants and items whenever
possible (Barr et al., 2013). If convergence did not occur, “bobyqa” or
“optimx” optimiser (Powell, 2009) was used to increase iterations,
before simplifying random effects by removing interactions and then
manipulation variables in the order of least variance explained until
the model converged (Veldre & Andrews, 2014). Trial number was
centred and entered into models as a covariate. For each dependent
variable, we examined and analysed the entire MWSs region and the
final word. Final words from reversed and canonical constructions
were analysed separately because the final words were verbs in the
passive constructions while nouns occupied the final position in the
active constructions. In addition, separate analyses avoided compar-
ing final words from different syntactic constructions. We also
combined nouns from canonical and reversed constructions to run
these analyses (See Supplementary materials S1).

For the L1 speakers, the full model included the core model and
trial number. For the L2 speakers, vocabulary scores and the
interactions with vocabulary scores were entered as additional fixed
effects after entering the core model and trial number. Both Lex-
TALE and VLT measured the vocabulary score of L2 speakers, and
these two scores were highly correlated (r(42) = 0.72, p < .001).
LexTALE and VLT scores were separately incorporated into
models corresponding to each reading measurement. Given that
these analyses showed very similar patterns and significance levels,
we only reported models with the LexTale score as they provided a
better fit for the data, based on BIC and AIC values. For the
combined L1 and L2 speakers’ data, the full model included a core
model, trial number, language-background factor (sum coded: L1
speakers: —1 versus L2 speakers: 1) and all interactions with
language-background. All full models were subsequently reduced
with the dropl() function, which performs model comparisons
with a chi-square test. Note however that the two manipulated
factors (phrase-type and word-order) were always kept in the
reduced models to reflect the experimental design, even if their
effects were not significant. The interactions with phrase-type,
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word-order, language-background, vocabulary score and trial
number were removed if they were not significant. Based on these
tests, reduced models were reached to fit the data best. In the
reduced models, variables with a #/z value above 1.96 are considered
significant. The significance of interactions was assessed by model
comparisons with the anova function. For all models, the vif
function from the car package (Fox et al., 2023) was used to test
for collinearity. All variance inflation factors were around 1, indi-
cating a very low degree of correlation among variables.

For models including continuous dependent variables, when
there was a main effect of collocation, we used Bayes factors (Kass
& Raftery, 1995) to compare the relative evidence for models with
and without interactions between phrase-type, word-order and
language-background. The Bayes factors analysis was performed
using the ImBF function from the BayesFactor package (Morey
etal, 2022). When Bayes Factors (BFs) > 10, there is strong evidence
for models including an interaction, while BFs < 1 provide evidence
for models without an interaction. BFs between 3 and 10 provide
weak to moderate evidence for models with an interaction. When
there was a significant interaction, the emmeans function from the
emmeans package (Lenth et al., 2024) was used to conduct pairwise
comparisons of different levels. Lastly, we calculated Cohen’s d effect
sizes using a method appropriate only for linear mixed effect models
(Brysbaert & Stevens, 2018; Judd et al., 2017), which was based on
estimated marginal means and total variance from the covariance
model estimates.

3. Results

Reading time averages are shown in Tables 1.A and 1.B for L1 and L2
speakers respectively. L1 speakers’ statistical results are reported in
Tables 2 and 3. L2 speakers’ statistical results are reported in Tables 4
and 5. The statistical results from the combined L1 and L2 models are
displayed in Supplementary materials Table S3 and Table S4.

Table 1.A. Summary of mean reading measures (ms) and total fixation counts in L1 speakers

L1 Speakers

Canonical constructions

Reversed constructions

Canonical Canonical Reversed Reversed novel
Measures collocations novel word combinations collocations word combinations
Whole phrase
First run reading time 632 (307) 650 (305) 567 (284) 577 (282)
Regression path reading time 719 (358) 736 (335) 688 (317) 704 (318)
Selective regression path reading time 689 (334) 714 (313) 648 (273) 666 (276)
Total reading time 869 (448) 931 (455) 854 (446) 930 (457)
Total fixation counts 4,12 (1.99) 4.45 (2.10) 4.11 (2.05) 4.45 (2.07)
Final word
First fixation duration 217 (62) 224 (67) 221(71) 222 (67)
First run reading time 243 (92) 265 (113) 255 (105) 263 (108)
Regression path reading time 314 (182) 357 (213) 324 (199) 327 (182)
Selective regression path reading time 276 (119) 295 (126) 283 (124) 288 (126)
Total reading time 355 (192) 382 (218) 383 (226) 400 (228)
Total fixation counts 1.67 (0.88) 1.75 (0.92) 1.80 (1.04) 1.88 (1.05)

Note. The Standard Error of the Mean is shown in parentheses.
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Table 1.B. Summary of mean reading measures (ms) and total fixation counts in L2 speakers

L2 Speakers

Canonical constructions

Reversed constructions

Measures Collocations Novel word combinations Collocations Novel word combinations

Whole phrase

First run reading time 1093 (543) 1059 (569) 1046 (499) 1056 (539)

Regression path reading time 1272 (628) 1256 (575) 1256 (521) 1282 (588)

Selective regression path reading time 1218 (535) 1227 (550) 1211 (479) 1232 (554)

Total reading time 1797 (1201) 1945 (1186) 1890 (1249) 2025 (1307)

Total fixation counts 6.93 (4.28) 7.57 (4.34) 7.32 (4.38) 7.83 (4.65)

Final word

First fixation duration 286 (98) 292 (102) 279 (98) 279 (99)

First run reading time 388 (158) 404 (170) 418 (200) 427 (202)

Regression path reading time 553 (358) 575 (353) 518 (288) 539 (351)

Selective regression path reading time 457 (192) 473 (196) 475 (236) 493 (250)

Total reading time 714 (507) 767 (500) 767 (553) 867 (598)

Total fixation counts 2.67 (1.80) 2.91 (1.86) 2.85 (1.88) 3.25 (2.09)

Note. The Standard Error of the Mean is shown in parentheses.
Table 2. L1 speakers: summary statistics for the phrase region

Factor Statistics FRRT RPRT SRPRT TRT TFC

Intercept [global mean] p 608.51 714.22 681.77 899.94 1.42
SE 23.57 33.62 30.83 40.83 0.04
t/z 25.82 21.24 22.12 22.04 35.33

Phrase-type B —5.47 —8.12 —9.70 —34.93 —0.04

[collocation] SE 7.85 8.06 8.14 13.59 0.01
t/z —0.69 —1.01 —1.19 —2.57* —2.82¢
d —0.04 —0.05 —0.06 —0.15 -

Word-order [canonical] B 35.47 14.44 22.04 4.5 0.002
SE 9.32 8.05 8.64 12.73 0.01
t/z 3.8" 1.79 2.55* 0.36 0.12
d 0.24 0.09 0.14 0.02 -

Note. FRRT: first run reading time, RPRT: regression path reading time, SRPRT: selective regression path reading time, TRT: total reading time, TFC: total fixation count.

*=p<.05.

3.1. L1 speakers results

Phrase analysis. Table 2 shows that the phrase-type effect was
observed on total readings times (f = —34.93, d = —0.15, t = —2.57,
p =.011) and total fixation counts (f = —0.04, z = —2.82, p =.004): L1
speakers read collocations faster and fixated fewer times on colloca-
tions than novel word combinations. The main effect of word-order
was found on first run reading times (f = 3547, d = 0.24, t = 3.8,
p <.001) and selective regression times (ff = 22.04, d = 0,14, t = 2.55,
p = .013), with reversed constructions being processed faster than
canonical ones. No significant main effects or interactions were
observed for the other measures (all ps >.7). Furthermore, there was
no interaction between phrase-type and word-order on total readings
times (y2 (1) = 0.15, p = .697; BFs = 0.09) and total fixation counts
(x2(1)=0.072, p =.788). The significant main effect of phrase-type and
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the lack of an interaction with word-order indicates that L1 speakers
consistently read collocations faster than novel word combinations,
regardless of their word order.

Final word analysis. For L1 speakers (summarised in Table 3),
the phrase-type effect in the canonical constructions was significant
in the first run time model (f = —10.22,d = —0.2, t = —2.4, p = .021)
and in the regression path reading time model (f = —20.11,
d=—0.2,t=—2.45, p=.017). The remaining eye-tracking measures
did not show any significant effects.

3.2. L2 speakers results

Phrase analysis. There was a phrase-type effect on total reading
times (f = —71.57,d=—0.12, t = —2.67, p = .008) and total fixation
counts (f = —0.04, z = —2.92, p = .003), with collocations being
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Table 3. L1 speakers: summary statistics for the final word region

Factor Statistics FFRT FRRT RPRT SRPRT TRT TFC
Final words: canonical constructions [nouns]
Intercept [global mean] g 219.57 252.25 332.72 283.14 368.3 0.53
SE 4.37 6.97 15.07 9.28 16.06 0.03
t/z 50.31 36.2 22.07 30.51 22.93 15.09
Phrase-type [collocation] B —3.18 —10.22 —20.11 —8.54 —13.78 —0.02
SE 2.64 4.27 8.19 5.12 8.25 0.03
t/z —-1.21 —2.4* —2.45* —1.67 —1.67 —0.79
d —0.1 —0.20 —0.2 —0.14 —0.13 -
Final words: reversed constructions [verbs]
Intercept [global mean] B 221.20 258.48 324.84 285.33 389.7 0.58
SE 5.14 7.49 12.50 9.36 18.34 0.04
t/z 42.99 34.54 25.95 30.49 21.24 14.3
Phrase-type s —0.60 —3.87 —1.87 —2.381 —9.85 —0.02
[collocation] SE 2.57 3.72 7.15 4.65 9.26 0.03
t/z —0.27 —1.04 —0.26 —0.61 —1.06 —0.80
d —0.02 —0.07 —0.02 —0.04 —0.09 -

Note. FFRT: first fixation reading time, FRRT: first run reading time, RPRT: regression path reading time, SRPRT: selective regression path reading time, TRT: total reading time, TFC: total fixation count.
*=p<.05.

Table 4. L2 speakers: summary statistics for the phrase region

Factor Statistics FRRT RPRT SRPRT TRT TFC

Intercept [global mean] B 1065.99 1270.64 1225.39 1919.74 1.92
SE 39.72 53.94 51.29 127.16 0.06
t/z 26.84 23.55 23.89 15.1 32.38

Phrase-type B 4544 —5.73 ~10.8 —71.57 —0.04

[collocation] SE 13.86 14.71 12.95 26.79 0.01
t/z 0.33 —0.39 —0.78 —2.67F —2.92%
d 0.02 —0.02 —0.04 —0.12 -

Word-order [canonical] g 11.54 —4.29 —0.14 —42.94 —0.01
SE 15.29 15.92 13.63 31.32 0.02
t/z 0.75 —0.27 —0.01 —1.4 —0.92
d 0.04 —0.02 —0.001 —0.07 -

Vocabulary-score g —134.31 —185.80 —172.31 —344.08 —0.17
SE 38.48 50.80 50.49 120.05 0.06
t/z —3.51" —3.66" —3.4" —2.87 —2.90"
d —0.27 —0.33 —0.34 —0.29 -

Note. FRRT: first run reading time, RPRT: regression path reading time, SRPRT: selective regression path reading time, TRT: total reading time, TFC: total fixation count.
*=p<.05.

processed more quickly than novel word combinations (see Table 4).
The main effect of word-order was not significant on any measure.
There was no interaction between phrase-type and word-order on total
reading times (y2 (1) = 0.01, p = .996; BFs = 0.006) and total fixation
counts (y2 (1) = 0.35, p = .549). This means that the collocational
processing advantage was independent from word order in L2 speakers
as well. No other effects approached significance. There was an effect of
vocabulary score, which was measured by LexTALE, on all eye-
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tracking measures. The higher the score participants had, the faster
they read. However, we did not detect any interactions between the
vocabulary score and phrase-type on any measures.

Final word analysis. Table 5 shows that there was a phrase-type
effect in the total reading time for reversed constructions (f = —48.28,
t = —2.07, p = .04) and in the total fixation count measures for
canonical constructions (8 = —0.05, z = —2.25, p =.024) and reversed
constructions (ff = —0.06, z = —2.45, p = .014). Participants had fewer
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Table 5. L2 speakers: summary statistics for the final word region

Factor Statistics FFRT FRRT RPRT SRPRT TRT TFC
Final words: canonical constructions [nouns]
Intercept [global mean] g 287.57 393.11 558.09 461.38 736.57 0.96
SE 5.97 10.77 26.32 15.07 46.63 0.05
t/z 48.2 36.49 21.2 30.62 15.8 18.33
Phrase-type s 2.73 —9.32 —10.95 —8.31 —24.58 —0.05
[collocation] SE 351 6.1 13.88 7.92 20.76 0.02
t/z 0.78 —1.53 —0.79 —1.05 —1.18 —2.25"
d 0.05 —0.12 —0.06 —0.09 —0.1 -
Vocabulary-score B —18.83 —52.52 —84.67 —61.23 —129.89 —0.16
SE 5.89 10.3 25.1 14.13 44.97 0.05
t/z —3.2¢ —5.01* —3.37" —4.33* —2.89* —3.07"
d —0.19 —0.34 —0.24 —0.33 —0.26 -
Vocabulary-score* B —0.05
Phrase-type o @
t/z —2.23*
Final words: reversed constructions [verbs]
Intercept [global mean] B 278.4 423.89 529.36 484.11 813.69 1.03
SE 6.21 15.13 20.68 17.26 56.32 0.06
t/z 44.8 28.01 25.59 28.04 14.45 17.45
Phrase-type g 0.04 —4.64 —9.59 —9.19 —48.28 —0.06
fetlten SE 3.98 8.89 13.46 9.77 23.24 0.03
t/z 0.01 —0.52 —0.72 —0.94 —2.07" —2.45*
d 0.001 —0.05 —0.06 —0.08 —0.17 -
Vocabulary-score p —17.7 —47.57 —76.65 —63.45 —174.41 —0.16
SE 6.07 13.86 18.69 16.05 53.67 0.06
t/z —2.92* —3.43* —4.1" —3.95* —3.25" —2.88"
d —0.18 —0.23 —0.25 —0.27 —0.32 -
Note. FFRT: first fixation reading time, FRRT: first run reading time, RPRT: regression path reading time, SRPRT: selective regression path reading time, TRT: total reading time, TFC: total fixation
s os

fixations on the final word in collocations than in novel word com-
binations, and when fixated, they spent less time reading the colloca-
tions. The interaction between vocabulary score and phrase-type was
significant for the canonical constructions for the total fixation count
measure (f = —0.05, z = —2.23, p = .026). L2 speakers with higher
vocabulary scores were more likely to show fewer fixations on the final
noun of collocations, relative to novel word combinations, while
participants with lower vocabulary scores were more likely to show
the opposite pattern (Figure 2).

3.3. Comparison of L1 and L2 speakers

After looking at L1 and L2 models separately, we built models with L1
and L2 data to investigate whether there are differences in collocation
processing between the two groups other than the expected longer
reading times for L2 speakers. Figure 3 shows the comparison between
L1 and L2 speakers in reading collocations and novel word combin-
ations on the phrase-level total reading time measure.
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Phrase analysis. The L1 and L2 data were combined into one
model. The L1 and L2 speakers differed in all measures (see
Supplementary materials Table S3). As expected, L2 speakers took
longer to read than L1 speakers. The phrase-type effect was observed
in total reading times (f = —53.62,d = —0.11,t=—3.20, p=.001) and
total fixation counts (f = —0.04, z = —3.42, p < .001), with colloca-
tions being read faster than novel word combinations. There was also
an effect of word-order on first run reading times (f = 24.11,
d=0.11t =243, p = .016), with reversed constructions processed
faster than canonical ones. The interaction between language-
background and phrase type was not significant on total reading
times (2 (1) = 2.80, p = .089; BFs = 0.12) or fixation count
(x2 (1) = 0.002, p = .958). This indicates that L1 and L2 partici-
pants read collocations qualitatively similarly. There was no three-
way interaction between language-background, word-order and
phrase-type on any measures.

Final word analysis. The language-background variable was a
consistent predictor on all measures (see Supplementary materials
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Figure 2. L2 speakers: interaction between vocabulary score and phrase-type in total fixation count for canonical constructions.
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Figure 3. Total phrase reading time for collocations and novel word combinations by language background.

Table S4), with L2 speakers reading final words more slowly, and
fixating them more often than L1 speakers in both canonical and
reversed constructions. The phrase-type effect, with collocations
being read faster than novel word combinations, was observed in
first run reading times for canonical constructions (f = —9.95,
d = —0.15, t = —2.37, p = .02) and in the total reading time and
fixation count (f = —29.54, t= —2.05,p = .048; f = —0.04, 2= —2.02,
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p =.043) for reversed constructions. There was only an interaction
between phrase-type and language-background on the total reading
times for reversed constructions (y2 (1) = 5.64, p = .017), where a
phrase-type effect found in L2 speakers (f = —97.4, t = —2.94,
p=.004) but not L1 speakers (= —21.7, t = —0.65, p=.51). We also
did not observe a three-way interaction between language-
background, phrase-type, and word-order.
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4. Discussion

The current study tested the effects of changing word order on
collocation processing in L1 and L2 speakers while controlling for
contextual predictability. Results show that collocations were pro-
cessed faster than novel word combinations, confirming previous
studies of collocation advantage using the eye-tracking-while-
reading paradigm (Li et al, 2021; Sonbul, 2015; Vilkaité, 2016;
Vilkaité & Schmitt, 2019) and using behavioural tasks (e. g., Oksiiz
et al,, 2021; Wolter & Gyllstad, 2011, 2013; Wolter & Yamashita,
2015, 2018) and extend these findings to contexts where predict-
ability was controlled for. While the collocation processing advan-
tage mainly appeared in later reading measures, L1 speakers also
showed the advantage from canonical collocations on the first run
and regression path reading. Crucially, there was no interaction
between phrase type and word order on phrase-level processing,
suggesting that reversed collocations (in non-canonical word
order) still showed an advantage. This study also provides initial
evidence that advanced L2 speakers process both canonical and
reversed collocations similarly to L1 speakers.

4.1. Collocation facilitation effect

The study confirmed that collocations are processed faster than
novel word combinations (Arnon & Snider, 2010; Carrol & Con-
klin, 2014b, 2020; Li et al., 2021; Oksiiz et al., 2021; Siyanova &
Schmitt, 2008; Sonbul, 2015; Vilkaité, 2016; Vilkaité & Schmitt,
2019; Wolter & Gyllstad, 2011, 2013). Because cloze probability was
controlled for, this collocation effect is independent from contextual
predictability. Results show that the collocation effect exists in both
early (first-run reading times and selective regression reading times,
for L1 speakers only) and late reading measures (total reading times
and total fixation counts for both L1 and L2 speakers), though late
eye-tracking measures demonstrated a more consistent effect. This
generally aligns with previous evidence in the processing of MWS,
indicating that language users are sensitive not only to word-level but
also phrase-level frequency, such as lexical bundles, idioms, and
collocations (Arnon et al., 2017; Arnon & Snider, 2010). Previous
studies found the facilitation effect from reading verb-noun colloca-
tions with base verbs (McDonald & Shillcock, 2003a, 2003b; Vilkaité,
2016). The present study found that collocations can also elicit faster
processing in their past tense. This fits in with (Vilkaité-Lozdiené
2022) finding that cumulative exposure to a collocation in all differ-
ent morphological forms contributes to its faster processing. Thus,
the finding supports the usage-based approach to L1 acquisition
(Bybee, 1998; Goldberg, 1995; Tomasello, 2003, 2009) and L2 acqui-
sition (Ellis & Wulff, 2020), which proposes that language users
acquire a set of linguistic constructions of varying form, size, and
complexity and that all these constructions are similarly affected by
frequency.

Phrase-level and final word analyses provided different evi-
dence. In the phrase-level analyses, there was a consistent advan-
tage for collocations over novel word combinations on late eye-
tracking measures for both L1 and L2 speakers. However, final
word analyses showed a different pattern: canonical collocations
affected earlier measures (first-run reading time and regression
path reading time) only for L1 speakers. Overall, these findings
are consistent with more recent eye-tracking studies (Li et al., 2021;
Sonbul, 2015; Vilkaité, 2016; Vilkaité-Lozdiené, 2022) and suggest
that collocational status can affect an early stage of phrase process-
ing. However, the present study generally observed a less robust and
less consistent collocation effect on early measures compared to
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previous studies, probably because contextual predictability was
kept minimal and matched.

This study also sheds light on previous findings by Frisson et al.
(2005) who found that the transitional probability effect no longer
influenced the early stages of verb-noun pairs processing once
contextual predictability was controlled. However, it is worth not-
ing that overall the verb-noun pairs in their study had a much lower
average phrase-level frequency compared to recent collocation
studies. This suggests that the association between verbs and nouns
in their study was weaker than in collocation studies, which might
have led to weak activation of the second words when encountering
the first words of those pairs. Exposure to highly frequently
co-occurring words results in deeper memory entrenchment, mak-
ing these co-occurring words become more “lexicalised units” and
“templated” in the mental lexicon. It is possible that verb-noun
pairs with lower phrase-level frequency are less entrenched in
memory, so that, when encountering their collocational form, it
takes longer to match it to their collocational meaning. This also
suggests that an early collocation effect might be restricted to high-
frequency combinations only, and future research should establish
whether this is a monotonous effect, with an increasingly stronger
collocation effect as the frequency of the combination increases, or
whether there is cut-off where an MWS becomes a “true” colloca-
tion. To test this, it is essential to control the contextual predict-
ability of all parts of a collocation.

4.2. Facilitation effect in reversed collocations

The study revealed that collocations maintain a processing advan-
tage when word order changes. There were consistent results in the
phrase-level processing in L1 and L2 speakers: phrase type was a
robust predictor and there was no interaction between phrase type
and word order. This suggests that collocations are processed faster
than novel word combinations regardless of word order variation.

However, final word analyses indicated that while the colloca-
tion advantage was present in the early measures of processing in L1
speakers, the advantage in reversed collocations was limited to the
later measures. This suggests that canonical collocations have an
earlier effect than reversed ones. Because reversed collocations are
much less frequent than canonical constructions (he brought peace
versus peace was brought), this suggests that while the general
collocation effect is meaning-driven, canonical forms have an
added frequency-related advantage. This finding of faster process-
ing of reversed collocations than their controls contrasts with the
absence of backward priming in English collocations reported by
(Vilkaité-Lozdiené and Conklin 2021), who found that word
[n] (e.g., attract) primes word [n + 1] (attention), while word
[n + 1] does not facilitate word [n]. However, as the authors
explained, this absence may be due to reversing verb-object phrases
(e.g., attention attract) creating unnatural or implausible phrases
and grammatical errors.

As noted in the introduction, two previous studies (Vilkaite,
2016; Vilkaité-Lozdiené, 2022) demonstrated that collocations are
flexible and can be modified by inserting words or changing mor-
phological forms without disrupting online processing in L1
speakers. The present study extended this finding to reversed word
order, showing that it does not reduce the collocation facilitation
effect at the phrase processing level compared to controls. This
study also extended (Kyriacou et al. 2020) findings from idioms to
collocations and from L1 to L2 speakers. Kyriacou et al. found that
L1 speakers read reversed idioms faster and with fewer regressions
than reversed controls, but were still slower with passive than active
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idioms, suggesting that idioms’ faster reading is due to activating
their figurative meaning, even in non-canonical forms. In contrast,
the present study found that reversed collocations were read faster
than their canonical counterparts. This faster processing of passive
than active collocations is perhaps less surprising than it may
appear. First, several studies found no consistent processing advan-
tage for active over passive sentences (Carrithers, 1989; Paolazzi
et al., 2019, 2022; Traxler et al., 2014), and Paolazzi et al. (2019)
reported consistently shorter reading times for passive than active
sentences in four self-paced reading experiments. Second, the
present study only included agent-patient verbs; Paolazzi et al.
(2022) noted that processing difficulty in passive sentences varies
with verb type, and passivized subject-experiencer verbs (stative
predicates, e.g., love, admire) result in longer fixation durations but
passivized agent-patient verbs do not. Additionally, unlike Kyria-
cou et al. (2020), the preceding contexts of the experimental sen-
tences in the current study provided little information, reflected in
the low predictability scores across conditions. While predictability
was low overall, other variables could not be controlled across
active/passive constructions. For example, inserting a subject pro-
noun in the active constructions with little preceding contextual
information (e.g., they in Margaret is not sure that they brought
peace/meat to the village) might have caused participants to spend
extra time resolving its reference, slowing down reading in the
active voice conditions. Together with Kyriacou et al. (2020), the
present findings of a collocation effect for reversed word order
support the idea that formulaic language constructions are open
to variation and modification.

4.3. The question of holistic storage

This finding suggests that the processing advantage in reversed
collocations is most likely due to the activation of the collocation’s
meaning rather than form. Examining evidence against the activa-
tion of collocational forms, our finding challenges holistic storage,
where form and meaning are stored as a whole (e.g., Goldinger,
1996; Jiang & Nekrasova, 2007; Wray, 2002). First, if a collocation’s
form (e.g., he brought peace) is stored in the mental lexicon and
retrieved as a whole chunk, changing word order (e.g., peace was
brought) should disrupt processing. On the contrary, the present
study found that reversed collocations were processed faster. Sec-
ondly, one might argue that reversed collocations have their own
lexical entries in memory, which could facilitate processing. Yet, the
reversed collocations in our study were rare (all MI scores of
collocations in different morphological forms were lower than 1.5).
Moreover, Vilkaité-Lozdiené (2022) used infrequent collocations in
participle form that are unlikely to be stored as holistic units, yet the
collocation advantage was still observed. Combining the present
study with Vilkaité-Lozdiené’s finding, we argue that the colloca-
tional form is probably not stored as a complete unit.

Looking at evidence supporting the role of collocational mean-
ing, the observed processing advantage for reversed collocations
suggests that the unitary semantic representation contributes to
their faster processing. (Vilkaité 2016) finding may be taken as
counterevidence, as the researcher found a processing advantage
in non-adjacent collocations, where inserted words might disrupt
the collocational meaning. Yet, most inserted words only modi-
fied the nouns of the collocations (e.g., the degree of, at least some,
a bit of, some of the, the best possible), adding information without
changing the collocation’s overall meaning. Thus, (Vilkaité 2016)
findings cannot be taken to refute the central role of collocational
meaning.
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Finally, we must acknowledge the complexity of separating form
and meaning activation in collocation processing. While our findings
indicate meaning activation as the primary factor, collocations likely
involve interconnected representations of their components (bringand
peace) and the entire collocation (bring peace). These representations
are assumed to be bidirectionally connected, allowing activation to
spread between the components and the chunk (Vilkaité-Lozdiené &
Conklin, 2021). The processing advantage may stem from a dual-route
mechanism, where both the components and the chunk are activated
simultaneously. The pathway leading to faster processing — whether
through the components or the chunk — determines the outcome. This
also applies to reversed forms (e.g., peace was brought), assuming that
individual components and the chunk are activated, even when their
order is changed.

4.4. Similarities between L1 and L2 speakers

This study showed that changing the word order of a collocation
has similar effects on L1 and advanced L2 speakers. L2 speakers
showed a processing advantage for collocations in later processing
measures at both phrase and word levels. This aligns with previous
finding that proficient L2 speakers are sensitive to phrase-level
frequency or association strength between words (e.g, Oksiiz
etal., 2021; Sonbul, 2015; Vilkaité & Schmitt, 2019). Aligning with
the discussion above, the lack of an early effect on the final word
may relate to differences in collocational frequency between L1 and
L2 speakers. It is safe to assume that L2 speakers receive less
exposure to the collocations of the target language than L1 speakers.
If indeed the early effect is affected by frequency, it is not surprising
that this effect is stronger in L1 than L2 speakers.

Importantly, the phrase-level facilitation effect was observed for
both canonical and reversed collocations. This provides initial
evidence that experienced L2 speakers process variation colloca-
tions in a qualitatively similar manner to L1 speakers, even though
L2 speakers develop collocation competence very slowly (Groom,
2009; Laufer & Waldman, 2011). This also questions the claim that
L1 and L2 speakers process MWSs, such as collocations, funda-
mentally differently from L1 speakers, with L1 speakers assigning
meaning to larger linguistic chunks and L2 speakers heavily relying
on words and rules (Wray, 2002, 2008). Instead, our findings
suggest that L1 speakers and proficient L2 speakers process large
linguistic constructions in a similar manner, activating the unitary
semantic meaning.

These results contrast with (Vilkaité and Schmitt 2019) finding
that the processing advantage in non-adjacent collocations disap-
peared in L2 speakers. The divergent findings cannot be solely
attributed to differences in proficiency, as the L2 speakers in our
study had a lower average Vocabulary Levels Test score than the
participants in their study. Rather, this processing difference might
reflect the difference in the constructions used. It is likely that the L2
speakers in Vilkaité and Schmitt’s study initially activated the
second word of the collocation after encountering the first word,
but the intervening words between the first and second word
complicated the integration of semantic information, weakening
the activation of the collocational meaning. Overall, this shows that
the facilitation effect of variation collocations depends on the type
of collocation modification and word proximity.

4.5. The proficiency effect on L2 collocation processing

We found an interaction in later measures on final word processing
between vocabulary score and phrase type. More proficient L2


https://doi.org/10.1017/S1366728925000057

Bilingualism: Language and Cognition

speakers fixated on the final word of collocations for a shorter time
than on the final word of novel word combinations, while less
proficient ones (those with lower vocabulary levels) spent more
time fixating the final word of collocations. This interaction sug-
gests that unitary semantic activation is moderated by L2 profi-
ciency. On the one hand, less proficient L2 speakers might prefer to
analyse individual components and then compute the meaning
online. However, we do not deny the possibility of delayed unitary
activation of meaning in less proficient L2 speakers. Greater
dependence on analysing and computing individual collocation
components can slow down processing. On the other hand, profi-
cient L2 speakers have more exposure to collocations, likely result-
ing in frequently encountered collocations becoming lexicalised
and forming their own unitary semantic representations in the
mental lexicon. Thus, more proficient L2 speakers can either com-
pute the familiar collocational meaning more quickly or activate its
unitary semantic representation more straightforwardly. However,
distinguishing between these two explanations is difficult in the
current study.

In addition, our study also observed a main effect of vocabulary
knowledge in all L2 statistical models, with L2 speakers with better
vocabulary knowledge processing both collocations and novel word
combinations faster than those with smaller vocabularies. This
main effect of vocabulary level is expected since vocabulary size is
closely related to general L2 proficiency, at least in English
(Alderson & Huhta, 2005; Milton, 2013), and more proficient
speakers tend to read faster (Berzak et al., 2018; Godfroid et al.,
2020; Munoz, 2017).

In conclusion, the present findings add to the growing body of
literature that supports the collocation advantage in both L1 and L2
speakers. Importantly, changing collocations’ word order, namely
from canonical to reversed passivized construction, did not disrupt
collocation processing in either L1 or L2 speakers. This suggests
that both L1 and proficient L2 speakers can maintain the colloca-
tion processing advantages with variation collocations. While these
findings are promising, future studies could address some limita-
tions. First, only English verb-noun collocations were tested, and it
remains unknown whether languages with stricter or looser word
order show similar trends (see e.g., (Vilkaité-Lozdiené and Conklin
2021)). Second, items in this study were a combination of verb noun
pairs varying by noun (e.g., bring peace/meat) and by verb (e.g.,
create/produce condition). Although statistical models found no
differences between the two types of verb-noun pairs, future studies
could improve the experimental design by ensuring consistent
variation. Third, whether reversing other types of collocations
(e.g., adjective-nouns such as fatal mistakes — mistakes that are
fatal) retains an advantage is unclear and might depend on the
semantic restrictedness of the expression. Fourth, testing L2
speakers with same or different linguistic and orthographic back-
grounds could reveal whether the magnitude of semantic activation
remains consistent when processing reversed collocations. Finally,
including L2 users with varying proficiency levels and different L1
backgrounds would help generalise our results.
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