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Abstract: Collocations are one of the most studied types of word combinations. Their intricate
nature, based on varying degrees of restriction, begs the question as to how modifications in their
typical form influence the way they are processed by native speakers and learners. In this study,
an eye-tracking experiment was carried out. We compared native speakers and learners of Italian
when processing typical (i.e., common) and atypical (i.e., uncommon) collocations of Italian. Atypical
collocations were developed by manipulating the grammatical and lexical components of a set of
typical collocations. We also investigated how the online processing was affected by the different
modifications (i.e., lexical and grammatical) performed and proficiency levels included. Both kinds of
modifications disrupt collocation processing, with lexical modification being generally more salient
than grammatical modification in terms of processing costs. Further, proficiency level influences
phraseological processing, with varying effects related to the different kinds of modifications. The
findings of our study are largely in line with previous research, while providing new insights into how
lexis and grammar affect phraseological processing. They contribute to the evidence on languages
other than English, a still under-researched domain in second language acquisition as a whole.
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1. Introduction

Phraseological units, specifically collocations, are highly conventionalised word com-
binations that differ in terms of frequency and lexical and semantic properties, such as
compositionality and lexical fixedness (Cowie 1998; Howarth 1998; Siyanova-Chanturia and
Pellicer-Sanchez 2018). In this study, we define collocations—adopting the frequency-based
approach (Evert 2005)—as frequently repeated and statistically significant co-occurrences
(Moon 1998; Biber et al. 1999, p. 998) “whose semantic and/or syntactic properties cannot
be fully predicted from those of its components” (Evert 2005, p. 1).

One theory that explains the pervasiveness of collocations is lexical priming theory
(Hoey 2005), which argues that collocations result from “psychological” associations be-
tween words. This psychological association “is evidenced by their occurrence together
in corpora more often than is explicable in terms of random distribution” (2005, p. 5). In
the lexical priming theory, collocations are postulated as “a psycholinguistic phenomenon”
which can be explained in terms of the psycholinguistic phenomenon of priming (Meyer
and Schvaneveldt 1971), a mechanism whereby a word (e.g., doctor) is recognised faster
when it is preceded by a related word (e.g., nurse) than when it is preceded by an unrelated
one (e.g., lion).
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As Hoey (2005) argues, priming mechanisms are at the root of collocation learning
and use. Language users store information about the tendency of words to co-occur with
other words in the mental lexicon. Further, collocations are produced in a predictable
way because of the priming relationships between their constituents. For instance, when
speakers encounter the first element of a collocation (e.g., heavy), they easily recall the
second one (e.g., rain) and produce the collocating form (e.g., heavy rain).

Collocation mastery facilitates fluent language use and quick processing of linguistic
input (Henriksen 2013). Recent research indicates that native speakers and fluent learners
process collocations faster than novel phrases, driven by the familiarity and frequency
of phraseological sequences (Siyanova-Chanturia and Van-Lancker Sidtis 2018). Further,
the processing advantage of collocations over novel phrases suggests that experienced
language users keep track of co-occurrence information in their mental lexicon.

While lexical priming theory suggests similarities in collocation processing between
native speakers and learners, differences arise from learners’ exposure to the target language
(Hoey 2005). Indeed, studies on this topic have highlighted differences in the processing
of phraseological sequences between native speakers and learners. While native speakers
demonstrate faster processing of phraseological units compared to novel phrases, this is not
always the case in learners. This difference may stem from learners having less experience
with the target language than native speakers (Hoey 2005): more proficient learners with a
greater amount of experience with the L2 are expected to process collocations similarly to
native speakers, unlike less proficient learners who have limited experience with the target
language.

Aligning with Hoey’s theory (Hoey 2005), usage-based models assert that L1 and
L2 mental lexicons are shaped by frequency of occurrences (Abbot Smith and Tomasello
2006; Bod 2006). L2 learning—as well as L1 acquisition—can be constructed as a statistical
accumulation of language experience through exposure to linguistic input (Bod 2006)".
Learners, like native speakers, show sensitivity to the frequency of occurrences of single
words and phrase units (Bod 2006).

Associative relationships between collocations” elements have been mostly demon-
strated through the priming paradigm in both L1 and L2, proving that frequency of and
exposure to collocations lead to a strong priming effect between collocations’ constituents
(Durrant and Doherty 2010; Wolter and Gyllstad 2011; Cangur et al. 2017; Toomer and Elgort
2019; Oksiiz et al. 2020; Cangir and Durrant 2021). Recent eye-tracking studies confirm
the facilitative effects of collocations, mainly attributed to conventionality and frequency
(Sonbul 2015; Vilkaite 2016; Carrol and Conklin 2020; Vilkaite-Lozdiené 2022). However,
most of the eye-tracking studies have mainly targeted English, with little consideration for
languages other than English (LOTEs), and compared typical collocations with atypical
word pairs at a lexical level by replacing one of the collocations’ constituents (Sonbul 2015;
Carrol and Conklin 2020). Morphological and grammatical violations between the elements
of a collocation have received less attention in previous publications within the literature.

One unanswered question is whether collocational elements prime each other during
online processing and whether collocations retain their processing advantage when they
are modified at a grammatical level. Furthermore, there is still a need to investigate whether
learners’ proficiency modulates L2 processing. Indeed, more advanced learners, having
more experience with L2, may process phraseological combinations (e.g., collocations) like
native speakers, contrary to less advanced learners.

To bridge these gaps, this study employs the eye-tracking procedure in Italian to
analyse L1 and L2 collocation processing. We investigated how native speakers and two
groups of learners (intermediate and advanced) of Italian process typical Verb+Noun
collocations (e.g., allacciare la cintura, “put on the belt’) over modified phrases (e.g., collegare
la cintura, ‘connect the belt’). We considered both lexical and grammatical modifications
to investigate whether both variations disrupt the priming mechanisms at the root of
collocation recognition during online processing.
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The impact of lexical and grammatical modifications on collocation processing is
explored, along with potential differences between L1 and L2 processing. We assume that
typical collocations are processed faster during online processing with respect to modified
collocations due to their conventionality and to the priming relationships between their
elements. Further, we expect differences in L1 and L2 processing as phraseological units
are more entrenched in native speakers’ mental lexicon with respect to learners’ mental
lexicon as learners have had less experience with L2 phraseological units compared to
native speakers (Hoey 2005; Siyanova-Chanturia and Martinez 2015). However, we expect
a role of learners’ proficiency, with advanced learners processing collocations and their
modifications more similarly to native speakers compared to intermediate learners as they
have had a great amount of experience with the target language (Hoey 2005).

To this end, the next section reviews previous studies that have investigated different
kinds of phraseological units with a focus on collocations, on the basis of eye-tracking data
and through stimuli modification, while identifying some of the remaining gaps which the
present study seeks to address.

1.1. Evidence from Previous Eye-Tracking Studies

Recent studies have employed eye-tracking to investigate whether modified phraseo-
logical units maintain their processing advantage and the extent of the cost associated with
altering their form (Kyriacou et al. 2021; Senaldi et al. 2022; Vilkaité-Lozdiené 2022). In this
review, we focus on eye-tracking studies that have investigated the processing of different
types of phraseological units by modifying their typical form.

Studies on the processing of idiom modification indicate that modified idioms retain
their processing advantage due to their familiarity. For instance, passivised idioms are
processed faster than their control phrases as well as their active counterparts when used
figuratively (Kyriacou et al. 2020). Further, modifying typical idioms with the insertion of
adjectives (spill the [spicy/red] beans) induces longer reading times, although their final word
is processed easily, suggesting that modifying an idiom does not impede idiom recognition
(Kyriacou et al. 2021). Furthermore, language users show difficulties in the processing of
modified idioms when used in their figurative sense (Hauser et al. 2020).

Similar findings emerge from research on other types of phraseological sequences.
Processing of binomials (bride and groom) and their reversed forms (groom and bride) has
been investigated in native speakers and learners with different levels of proficiency
(Siyanova-Chanturia et al. 2011). Native speakers and advanced learners were found to be
sensitive to the configuration (binomial vs. reversed) in which a phrase occurred. On the
contrary, low-proficiency learners read binomials and their reversed forms in a similar way
(Siyanova-Chanturia et al. 2011). Further, replacing binomials” elements (king and queen
vs. prince and queen/king and prince) produces a processing cost (Carrol and Conklin 2020),
while inserting a non-typical conjunction in a binomial (salt and pepper vs. salt and also
pepper) did not affect the processing advantage of typical binomials over control conditions
(Chantavarin et al. 2022).

We now turn to eye-tracking studies that investigate the processing of collocations
by altering their typical phrasal template. Sonbul (2015) looked at online collocational
processing in native speakers and learners of English. She focused on Adjective+Noun
collocations (e.g., fatal mistake) and created control phrases by replacing the adjective of
the target collocations with a synonym (e.g., awful) and with a non-collocate (e.g., extreme),
obtaining low-frequency collocations and non-attested word pairs. Results reveal that
high-frequency collocations exhibit an early processing advantage, with proficiency having
minimal impact. This processing advantage of high-frequency collocations over low-
frequency and non-attested collocations disappeared in the late stages.

Further, Vilkaité (2016) and Vilkaité and Schmitt (2017) highlight the influence of
adjacency on processing speed. Adjacent (provide information) and non-adjacent (provide
some of the information) collocations were processed faster than their control conditions by
native speakers. Similarly to native speakers, learners processed adjacent collocations faster



Languages 2024, 9, 14

40f19

than their control conditions (Vilkaité and Schmitt 2017). Furthermore, investigation into
morphological variations of collocations indicate that different morphological forms do not
diminish their processing advantage over control phrases (Vilkaité-Lozdiené 2022).

The reviewed studies yield three key insights: (1) phraseological units are processed
faster than novel phrases, suggesting the evidence of priming effects that are driven by
different properties; (2) modified phraseological units (e.g., passivised idioms and non-
adjacent collocations) are not always processed slower than control phrases, suggesting
that elements of a phraseological unit still recall each other despite variations in the form;
and (3) native speakers and advanced learners process phraseological units in a similar
way, indicating that the mechanisms at the basis of L1 and L2 processing might be the same.

Despite these findings, there is a gap in understanding the impact of both lexical
manipulation and grammatical violation on the online processing of phraseological units,
especially in languages with high inflectional variability (e.g., Italian). Existing studies
have primarily focused on modifying individual components without altering grammatical
structure, leaving a need for empirical evidence.

Recently, the eye-tracking technique has been employed in the investigation of the L1
and L2 processing of morphosyntactic features. Hopp and Leon Arriaga (2016) explored
whether L2 learners whose L1 does not use differential object marking (e.g., German) pro-
cess Spanish case marking in a native-like way. Results indicate that, while native speakers
showed processing difficulties in all types of case violations, L2 learners demonstrated
differential sensitivity to case marking in online processing. Further, Lim and Christianson
(2015) carried out an eye-tracking study to investigate how Korean learners of English show
sensitivity to subject—verb agreement violations. Participants read a series of English sen-
tences, half of which contained subject-agreement violations in English. Researchers found
that the sensitivity of learners to agreement violation was modulated by their proficiency:
advanced learners showed processing difficulties in reading morphological violations.

However, there is a lack of empirical evidence on whether grammatical information
is accessed during online processing of phraseological units with the exception of a few
studies that suggest that altering the syntactic and morphological structure of phraseo-
logical units does not always produce a processing cost (Kyriacou et al. 2020, 2021, 2022;
Vilkaite-Lozdiené 2022). We argue that grammatical violation could be helpful in under-
standing more deeply how phraseological units are processed. Thus, it could be helpful to
better understand whether a grammatical violation disrupts the priming mechanism at the
root of the processing of phraseological units. On the one hand, grammatical violations
are potentially problematic for language users, as well as lexical or syntactic modifications.
Indeed, a disruption may indicate that grammatical information is accessed during real-
time processing of phraseological units and a grammatical violation might negatively affect
the recognition of the phraseological sequence. On the other hand, grammatical violations
may not be problematic as they alter the form of phraseological units to a lesser extent
with respect to lexical manipulations, and language users should be able to recognise a
phraseological unit despite the grammatical violation.

To address this gap, we investigated how native speakers and learners processed
typical and non-typical collocations in Italian, a still under-researched language in the field
of phraseological processing, especially when considering languages exhibiting inflectional
variability. In doing so, we observed whether and how lexical and grammatical modifi-
cations affected online processing. We argue that lexical and grammatical manipulations
can help us to investigate whether the alteration of both the grammatical and lexical struc-
ture of a collocation affects the real-time processing of collocations and whether there are
similarities or differences between L1 and L2 processing.

1.2. The Present Study

The present research aims to explore whether lexical manipulation and grammatical
violation equally disrupt the processing of typical Italian collocations. Previous studies
created control phrases of typical phraseological units by replacing constituents with syn-
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onyms or non-attested collocates, showing that lexical manipulation affects the processing
of phraseological units. However, to the best of our knowledge, previous studies did not
focus on altering the grammatical structure of a phraseological sequence. Thus, we still do
not know whether grammatical violations disrupt phraseological processing to a similar
extent as lexical manipulations do.

In the present study, we address the following research questions:

1. How do native speakers and learners process typical collocations compared to their
modified counterparts?

2.  To what extent do grammatical violations and lexical manipulations disrupt the
processing of collocations in native speakers and learners?

3. How does proficiency influence the processing of typical and non-typical collocations
in learners of Italian?

To investigate these research questions, we extracted a series of stimuli from a reference
corpus of L1 Italian (Spina 2014) on the basis of specific quantitative measures (i.e., phrase
frequency, usage, and log dice). We then modified these stimuli at the level of lexis (i.e.,
by replacing the element of a collocation with a synonym) and grammar (i.e., by inserting
an agreement error between collocation’s elements). Subsequently, we developed an eye-
tracking experiment, which we administered to both native speakers and learners of Italian,
in order to evaluate the processing of typical (i.e., non-manipulated) and non-typical (i.e.,
modified) Verb+Noun (object) combinations.

The following sections outline the characteristics of the participant sample, the criteria
adopted in identifying and manipulating the stimuli, and the procedures followed in the
development of the eye-tracking experiment and in analysing the collected data.

2. Materials and Methods
2.1. Participants

Given the exploratory nature of the present study, special care was taken to select
a small but homogeneous participant cohort’. Thirty-six language users (twelve native
speakers (mean age = 24.3), twelve intermediate (mean age = 22) and twelve advanced
(mean age = 30.5) learners of Italian) took part in the study. Native speakers were under-
graduate and graduate students enrolled at Sapienza University of Rome, while learners
were either students on exchange programs or professionals with a secondary or higher
level of education. Classification of learners into intermediate and advanced groups was
based on their language certification or on the Italian language class in which they were
enrolled. Learners had either obtained certification of their Italian proficiency in the past or
were currently studying Italian at an intermediate or advanced level (based on the Common
European Framework of Reference, CEFR) in a language course. All participants were
asked to fill out a pre-test questionnaire with some basic personal information for screening
and technical purposes (name, age, and whether they had normal or corrected-to-normal
vision). Native speakers all had Italian as their sole L1, while learners came from the
following L1 backgrounds: Spanish (7); French (5); Romanian (3); German (2); Polish (2);
Bulgarian (1); Georgian (1); Greek (1); Korean (1); and Portuguese (1). Learners completed
a language background questionnaire reporting their prior experience with the Italian
language. They further rated their speaking, writing, listening, and reading skills on a
5-point Likert scale (1 = very poor; 2 = weak; 3 = ok; 4 = good; 5 = excellent). Table 1 summarises
learners’ experience with and knowledge of Italian. A lexical decision task in Italian, which
assessed participants’ vocabulary (LexITA, Amenta et al. 2021), was administered to both
native speakers and learners. Intermediate learners scored a median of 38/60 points on the
LexITA, while advanced learners scored a median of 51/60 on the same test. As expected,
native speakers ranked higher on the vocabulary test (Median = 59/60) and served as a
control group.
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Table 1. Learners of Italian self-reported L2 experience.
Intermediate Learners

Variables Mean SD ¢ Range

First contact with Italian (in years) ? 21.2 1.8 19-25
Time spent in Italy (in months) ? 2.6 0.9 2-5
Speaking ® 2.8 0.5 24
Writing P 2.6 0.7 14
Listening P 3.3 0.6 2-4
Reading P 3.6 0.5 34

Advanced Learners

First contact with Italian (in years) @ 19.1 6.1 3-26

Time spent in Italy (in months) ? 92.3 1129 1-360
Speaking P 4 0.7 3-5
Writing © 3.2 0.6 2-4
Listening ° 42 0.6 3-5
Reading P 4.1 0.7 3-5

Note. ® Based on a 4-point scale (1 = “never been”, 2 = 6 months or less”, 3 = “12 months or less”, 4 = “more than 12
months”); ® Based on a 5-point scale (1 = “very poor”, 2 = “weak”, 3 = “ok”, 4 = “very good”, 5 = “excellent”); * SD =
standard deviation.

2.2. Identification of Stimuli

In this section, we illustrate how the stimuli used in the eye-tracking experiment
were identified on the basis of corpus-derived data and how they were then manipulated.
A total of twelve Verb+Noun (object) collocations were extracted from the DICI-A (Spina
2016), a dictionary for second language learners of Italian collocations, classified into
different CEFR levels. The DICI-A is based on the Perugia Corpus (Spina 2014), a reference
corpus of L1 Italian, containing over 26 million tokens and consisting of 10 different textual
genres (i.e., academic writing; administration; movies; literature; spoken language; essay
writing; school essays; newspapers; television; and web). Only CEFR levels A (i.e., basic
proficiency levels, Al and A2) and B (i.e., intermediate proficiency levels, Bl and B2) from
the dictionary were considered. Three lists were compiled for each level: one based on
phrasal frequency, one based on usage, and one based on log dice. Phrase frequency is
defined as the total number of occurrences for the entire combination. Usage is defined as
the product of phrase frequency and the dispersion of the collocation (i.e., to what extent
the collocation occurs in the different sections of the reference corpus). Log dice® is defined
as a measure of collocation strength that expresses “the tendency of two words to co-occur
[...] in the corpus” (Gablasova et al. 2017, p. 164). All measures were calculated using the
Perugia Corpus (Spina 2014). The top two collocations were selected from each of the three
lists (phrase frequency; usage; log dice) in each of the two levels (levels A and B of the
DICI-A). This allowed us to identify our stimuli by considering three different measures
and the importance of the information they are each able to convey. Care was taken to
avoid the repetition of collocates among the different collocations, in order to prevent bias
or priming effects in the stimuli. These stimuli were left intact.

Six of the identified stimuli were modified lexically, while the other six were modified
grammatically. The selection of stimuli for each type of modification was performed at
random. The lexical manipulation was performed so as to produce a combination not
attested in our reference corpus of L1 Italian, the Perugia Corpus. The manipulation was
conducted on the basis of the following procedure: first, a collocation from the randomised
list of stimuli was selected; second, the list of synonyms of the verb contained in the
collocation was retrieved from the online Treccani* vocabulary and sorted according to
usage; third, the first verb in the list was chosen and its length, in terms of letters, and
frequency were checked against the original one in order to make sure there would be
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no significant differences in this respect’; fourth, the presence of the verb in the lexical
syllabi for the A and B CEFR levels was then checked, so as to ensure that the verb would
have a good likelihood of being recognised by the learners; and finally, the manipulated
combination was looked up in the Perugia Corpus, in order to verify whether it exhibited an
occurrence equal to zero, despite the semantic affinity between the two verbs. For example,
the collocation passare + esame (“pass + exam’) was changed into *attraversare + esame (*‘pass
through + exam’). The other six collocations were modified grammatically by inserting an
agreement error between the article and noun that were part of the collocation. In half of
the cases, the agreement error was inserted in the article. For example, aprire gli occhi (‘open
thepplural] €yeS[plural’) Was transformed into aprire lo occhi (‘open the«[singular] €yeSplural)’)-
In the other half of the cases, the agreement error was inserted in the noun. For example,
vivere una esperienza (‘live anjsingylar] €Xperience(singular]’) Was transformed into vivere una
esperienze (‘live angsingularj€Xperiences«piyral’)- Table 2 shows the final set of the stimuli.
Finally, original collocations and their modified counterparts were controlled for length (in
terms of letters) at the phrase level in order not to have phrase length differences between
conditions (Original collocations length: Mean = 16; SD = 3.06; Lexically manipulated
collocations length: Mean = 16; SD = 2.52; Grammatically violated collocations: Mean = 16;
SD =2.95).

Table 2. Final set of original and manipulated stimuli.

Original collocations . salire + scale ('go up + stairs’) 12
. accendere + sigaretta (‘light + cigarette”)
. seguire + lezione (‘follow + lesson’)

. vivere + esperienza (‘live + experience’)
. aprire + occhi (‘open + eyes’)

. premere + tasto (‘press + key’)

. rispettare + legge (‘respect + law”)

. risolvere + problema (‘solve + problem”)
9. allacciare + cintura (‘put on + belt’)

10. rendere + conto (‘account for’)

11. valere + pena (‘being worthwhile’)

12. barrare + casella (“tick + box”)

OO Uk WN

Lexically manipulated 1. contare + pena (‘count + worth’) 6
collocations 2. collegare + cintura (‘connect + belt’)

3. marcare + casella (‘'mark + box”)

4. districare + problema (‘untangle + problem’)

5. spiegare + conto (‘explain + bill")

6. omaggiare + legge (‘pay homage + law”)
Grammatically violated 1. aprire lo occhi (‘open the*[singular] eyes[plurall’) 3
collocations (article) 2. seguire le lezione (‘follow the«[pyyray) lesson’)

3. salire la scale (‘g0 up thex(singular] Stairspplurar)’)
Grammatically violated 4. vivere una esperienze (‘live an[gingylar] eXperiences«pyraly’) 3
collocations (noun) 5. accendere una sigarette (‘light up ajsingular] cigarettes(pryrar’)

6. premere un tasti ('press afsingular] buttons«pyray’)

TOTAL 24

Original and manipulated collocations were embedded in 24 context sentences, half
of which contained intact collocations. The other half contained a lexical manipulation
(6), a grammatical manipulation with the agreement error inserted in the noun (3), and a
grammatical manipulation with the agreement error inserted in the article (3). A sample
sentence in each condition is provided below:

1. Quando siamo in macchina é molto importante allacciare la cintural*collegare la cintura
anche nei sedili posteriori. (Original/Lex manipulation) (When we are in the car, it is
very important to fasten the belt also in the back seats);
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2. Svegliarsi in vacanza e aprire gli occhi/aprire *lo occhi davanti al mare e la cosa pin bella
del mondo. (Original/ Art manipulation) (Waking up on holidays and opening the eyes
in front of the sea is the most gorgeous thing in the world);

3. Lea é abituata ad accendere una sigarettalaccendere una *sigarette fuori dalla scuola per
fumarla insieme al fratello. (Original/Noun manipulation) (Lea is used to lighting a
cigarette outside the school to smoke with her brother).

2.3. Procedure

For the screen-based eye-tracking experiment, we used Tobii Pro Lab (1.118 version;
sample rate = 600 Hz). Participants sat approximately 60 cm (23”) from the screen and were
asked to use a chin rest to avoid head movements. Before starting the calibration routine,
we made sure that participants could easily reach for the mouse while looking at the screen.
Calibration was assessed on a nine-point grid, and the procedure was run as many times
as needed to minimise artifacts. Stimuli were presented centrally on a 24" monitor with a
1920-1080 pixel resolution. Sentences were written in yellow on a black background using
a monospaced font (Courier new) on a single line of text. In addition to the final set of
critical stimuli (24), we inserted 24 fillers and 24 pairs of yes—no questions. Participants
were asked to read silently for comprehension and then to click the mouse button to move
forward, while questions needed to be answered out loud. Critical stimuli and distractors
were arranged together in 4 randomised blocks, which in turn were interchanged with
4 sequential blocks for question pairs. Therefore, a total of 9 alternate groups made up the
trial, including the initial set of instructions and practice items. Due to the small sample of
participants and stimuli, they were not counterbalanced in different lists. Thus, participants
saw all the 24 experimental items. It could not be excluded that participants may have
noticed similarity across the original and the variant collocations. However, care was taken
in not inserting original collocations and their variant forms in the same experimental block.

2.4. Data Analysis

Areas of Interest (AOI) were drawn for each item over the Verb+Noun (object) region
(see Table 2, second column). In order to reduce the risk of obtaining zero-value data points,
gaze plots and heatmaps were visually inspected to establish the height of the AOI and to
adjust its position on the text in relation to the participants” actual eye trajectory. Within
these areas, we analysed the number of fixations and the total duration of fixations®.

As we were interested in investigating how native speakers and learners process
typical and non-typical Verb+Noun (object) collocations, with respect to different conditions
(i.e., original, grammatical violation, and lexical manipulation), we considered only total
duration of fixations (i.e., total reading time), as it is acknowledged that integration from
processing difficulties is more likely to happen in the final stages of real-time comprehension
(Siyanova-Chanturia and Pellicer-Sanchez 2018).

We used mixed-effect modelling (Cunnings and Finlayson 2015; Gries 2015; Linck
and Cunnings 2015; Murakami 2016) to analyse eye-tracking data. Linear mixed-effects
models were separately run for each of the two measures of total duration of fixations
(TDF) and number of fixations (NF). As, in this last case, the dependent variable is discrete,
we used a generalised linear mixed-effect model with a Poisson distribution when fitting
the model. The numeric response variable (TDF) was used with its log-transformed score
to avoid skewness in the data and improve model fit. Continuous predictors were scaled
and centred. Table 3 provides a summary of the numeric dependent variables for each
experimental condition.

In order to model variation due to individual differences in the processing of typical
and non-typical collocations, participants and items were included in the models as a
random effect, by fitting by-subject and by-item random intercepts and slopes for each of
them (Barr et al. 2013; Brown 2021).
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Table 3. Descriptive statistics of the dependent variables for each condition.

Total Duration of Fixations (in ms)

Mean SD Range
Original 1126.9 622 206.7-3836.7
Grammatical 1344.1 793 90-3966.7
Lexical 1485.6 872 216.7-3966.7

Number of Fixations

Original 541 3 1-19
Grammatical 6.19 4 1-23
Lexical 6.81 4 1-20

The following predictors were included in each of the two models as fixed effects:
Proficiency as a three-level factor (native, intermediate, and advanced); LexITA (the score
assessing vocabulary knowledge); Condition as a three-level factor (original, lexical, and
grammatical); and Length (in number of letters). The native and the original condition
were each set as the reference levels in all analyses. Further, we included collocation length
because of its acknowledged potential effect on the online processing of single words
and multi-word expressions (Kliegl et al. 2004; Ellis et al. 2008; Rayner 2009). Neither
frequency nor association measures were included as predictors, as these were the values
that guided the identification of stimuli as well as the selection of high-frequency and
strongly associated combinations. Stimuli did not differ in phrase frequency and association
measure; they were balanced for phrase frequency and log dice. Since we hypothesised
a relationship between Condition and Proficiency, the models included an interaction
between these two predictors. Table 4 provides a summary of the two numeric variables
included as fixed effects.

Table 4. Summary of numeric variables included in the models as fixed effects.

Variables Median SD Range
LexIta 56 7.87 34-60
Length 16 2.87 12-21

We built the two models using R (Version 4.1.3; R Core Team 2022) and the R package
Ime4 (Version 1.1-28; Bates et al. 2015). For each of the two models, we adopted a top—down
stepwise approach for the model selection procedure (Gries 2015). We started with a model
that included the most comprehensive structure, with a maximum number of fixed effects
and interactions. Initially, by-item and by-subject intercepts and slopes were included as
random effects, but due to singularity issues, models were simplified to by-subject and
by-item intercepts (Kyriacou et al. 2021, p. 21). We then explored fixed effects to create the
optimal structure. At each step of this model selection process, we used likelihood ratio
tests to compare pairs of models and to find the best fit (Baayen et al. 2008) as well as the
Akaike Information Criterion (AIC), which indicates the amount of variance that is left
unexplained by the model (Cunnings 2012). Finally, we compared each of the two final
models to the respective null model that contained only the random effects. Assumptions
of the final models (linearity, normality of residuals, normality of random effects, and
homogeneity of variance) were checked by producing validation graphs. Finally, we
checked for multicollinearity using Variance Inflation Factors (VIF): all VIF scores were
smaller than 2 (Zuur et al. 2009, p. 387). p values of each predictor were estimated by using
the ImerTest package (version 3.1-3); effect sizes for each significant effect were measured
using effectsize package (version 0.8.3).
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3. Results

Tables 5 and 6 summarise the two final models with TDF and NF as dependent
variables.

Table 5. Fixed effects and interactions of Model 1 with logarithmic TDF as a dependent variable.

B SE 95% CI t Value p
(Intercept) 2.89 0.04 [2.80-2.97] 66.778 <0.001
Proficiency [advanced] 0.12 0.05 [0.02-0.21] 2.564 0.01
Proficiency [intermediate] 0.16 0.05 [0.07-0.26] 3.448 <0.01
Condition [grammatical] 0.07 0.05 [—0.03-0.18] 1.351 0.18
Condition [lexical] 0.13 0.06 [0.02-0.24] 2.291 0.02
- .
Proficiency [advanced] —0.02 005  [-011-0.07]  —0476 0.63
Condition [grammatical]
Proficiency [intermediate]*
o . —0.06 0.07 [—0.15-0.03] —1.35 0.17
Condition [grammatical]
Proficiency [advanced]* _ 3
Condition [lexical] 0.02 0.04 [—0.07-0.11] 0.39 0.68
Proficiency [intermediate]* B [-0.18— _
Condition [lexical] 0.09 0.04 0.001] 1.94 0.05
Random effects Variance SD
Subject 0.009 0.097
[tem 0.008 0.092

Note. The values in bold in the p column indicate which predictors are significant.

Table 6. Fixed effects and interactions of Model 2 with NF as a dependent variable.

B SE 95% CI z Value p
(Intercept) 1.43 0.09 [1.26-1.61] 15.883 <0.001
Proficiency [advanced] 0.24 0.09 [0.04-0.43] 2.461 0.01
Proficiency [intermediate] 0.36 0.09 [0.17-0.55] 3.764 <0.001
Condition [grammatical] 0.26 0.11 [0.03-0.49] 2.28 0.02
Condition [lexical] 0.25 0.11 [0.02-0.48] 2.16 0.03
Proficiency [advanced]* B B g B
Condition [grammatical] 0.11 0.08 [—0.27-0.06] 1.23 0.21
Proficiency [intermediate]* B [-0.41- _
Condition [grammatical] 0.24 0.08 —0.08] 2.93 <0.01
Proficiency [advanced]* B
Condition [lexical] 0.07 0.08 [—0.09-0.23] 0.81 0.41
Proficiency [intermediate]* _ [-0.32— _
Condition [lexical] 0.16 0.08 0.001] 1.95 0.05
Random effects Variance SD
Subject 0.04 0.20
Ttem 0.03 0.19

Note. The values in bold in the p column indicate which predictors are significant.

Model 1 (a linear mixed-effects model with TDF as a dependent variable) provided a
significantly better fit in comparison to the baseline model (x%(8) = 20.44, p <0.01). Its total
explanatory power is substantial (conditional R2 = 0.31) and the part related to the fixed
effects alone (marginal R2) is equal to 0.08. The fact that the fixed effects account for less
variability than the random ones indicates that the variability is due more to the individual
behaviour of participants than to the influence of the independent variables. Model 2
(a generalised mixed-effect model with NF as a dependent variable) fitted significantly
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better with respect to the baseline model (x%(8) = 28.163, p < 0.001). The explanatory power
of Model 2 is substantial (conditional R2 = 0.39) and the part related to the fixed effects
alone (marginal R2) is equal to 0.10. Again, the variability is due more to the individual
behaviour of learners than to fixed effects. Although the sample and the number of stimuli
are rather limited, the two models have strong explanatory power and produce cohort
results that answer our research questions. Specifically, we wanted to investigate three
different aspects, specifically whether i. typical collocations are processed faster than their
modified counterparts by native speakers and learners; ii. whether grammatical and lexical
modification produce a processing cost in native speakers and learners; and iii. whether
proficiency level influences the processing of typical and modified collocations in learners
of Italian.

We start the description of results from the model based on the processing measure
(i.e., TDF; Model 1). Proficiency was found to significantly affect (effect size = 0.50) reading
times, with intermediate (8 = 0.16; SE = 0.05; t = 3.448; p < 0.01) and advanced (8 = 0.12;
SE =0.05; t = 2.564; p = 0.01) learners showing longer reading times with respect to native
speakers. Further, Condition (effect size = 0.44) strongly affected the online processing of
collocations with lexically manipulated collocations read significantly slower than original
collocations (B = 0.13; SE = 0.06; t = 2.291; p = 0.02). The negative effect of the interaction
between Proficiency and Condition on the reading times of the different types of conditions
suggests that collocations were not processed symmetrically across the three levels of
proficiency. However, the interaction between Proficiency and Condition had a weak effect
on the reading times of collocations (effect size = 0.09) and barely reached the threshold of
significance at the level of intermediate learners and lexical condition (8 = —0.09; SE = 0.04;
t = —1.94; p = 0.05) suggesting that intermediate learners took more time in reading
lexically manipulated collocations compared to native speakers. No significant difference
was found between advanced learners and native speakers. Although the interaction
between Proficiency and Condition weakly affected the reading times of learners and
native speakers in the three experimental conditions, this suggests a non-symmetrical
processing of collocations across the three levels of proficiency.

We further investigated more deeply the interaction by plotting it (Figure 1). Native
speakers read original collocations faster than grammatically violated and lexically manip-
ulated collocations; the same pattern of processing emerged in advanced speakers who
took more time in reading collocations with both lexical manipulation and grammatical
violation compared to the original collocations. Although the difference was less marked
in the intermediate level of proficiency (Figure 1), intermediate learners also processed
original collocations faster than the grammatically and the lexically modified collocations.
The most striking effect concerned lexically manipulated collocations: their reading times
significantly increased in the intermediate learners compared to native speakers (Table 5).

Moving to Model 2, the one with NF as a dependent measure, the first relevant finding
is that this model, based on the number of fixations, shows similar results to those obtained
in Model 1, suggesting a correlation between the processing measures and the quantitative
measures. Proficiency (effect size = 0.19) affected the number of fixations on the AOlIs.
Consistent with what was observed for processing times, intermediate learners (8 = 0.36;
SE =0.09; z =3.764; p < 0.001) and advanced learners (B = 0.24; SE = 0.09; z = 3.764; p < 0.001)
fixated on collocations more frequently than native speakers. We also observed a significant
effect of Condition (effect size = 0.10): grammatically violated (8 = 0.26; SE = 0.11; z = 2.2§;
p = 0.02) and lexically manipulated collocations (3 = 0.25; SE = 0.11; z = 2.16; p = 0.03)
elicited a number of fixations higher than the number produced on the original collocations.
Although its effect size was small (=0.10), Proficiency and Condition significantly interacted
on the NF. Specifically, grammatically violated collocations were fixated on more frequently
by intermediate learners with respect to native speakers (8 = —0.24; SE = 0.08; z = —2.93;
p < 0.01). Further, although the threshold of significance was barely reached, intermediate
learners produced more fixations on lexically manipulated collocations compared to native
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speakers (B = —0.16; SE = 0.08; z = —1.95; p = 0.05). Again, no significant difference was
found between native speakers and advanced learners.

3.2 =g
)

X 31 @S -
= ) Condition
5
-BI original
° P S
= 9 grammatical
o 3.0 —al ;
o lexical
|

2.9

2.8

Native Advanced Intermediate

Proficiency

Figure 1. The interaction between Proficiency and Condition on the TDF measure.

As Figure 2 suggests, the intermediate and advanced learners showed a similar pattern
to the one found in the analysis of the reading times (Model 1); both intermediate and
advanced learners fixated more often on the modified collocations (with lexically manip-
ulated collocations fixated on more frequently than grammatically violated collocations)
with respect to native speakers. Again, the difference is more marked in advanced learners
than in intermediate learners (Figure 2). Contrary to learners, native speakers fixated in a
similar way on the collocations under the two conditions of modifications with respect to
the original ones, although they showed a difference in reading times (Figure 1). However,
the difference in the number of fixations on lexically manipulated and grammatically vio-
lated collocations was significant only between intermediate learners and native speakers
(Table 6).

To investigate more deeply any possible difference in the processing of original collo-
cations and modified collocations between intermediate and advanced learners, we built
the two models again, following the same procedure described above but setting the in-
termediate as the reference level. Model 3 (the one with TDF as a dependent measure
and intermediate level as the baseline for comparisons) shows a significant effect of the
interaction between Proficiency and Condition. Specifically, advanced learners took more
time in reading lexically manipulated collocations with respect to intermediate learners
(B=0.10; SE = 0.05; t = 2.346; p = 0.01). Consistently, Model 4 (the one with NF as a de-
pendent measure and intermediate level as the baseline for comparisons) shows similar
results to the third model. The interaction between Proficiency and Condition significantly
affects the number of fixations on the AOIs with the advanced learners fixating more
frequently on the collocations with lexical manipulation compared to intermediate learners
(8=0.23;, SE=0.07; t = 2.961; p < 0.01). Results of the two new models indicate a significant
difference between intermediate and advanced learners in reading and fixating on lexically
manipulated collocations.
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Figure 2. The NF predicted by the interaction between Proficiency and Condition.

4. Discussion

This study was aimed at exploring the following three main aspects of phraseological
processing in native speakers and learners: first, whether typical collocations are processed
faster than their manipulated counterparts; second, whether different kinds of stimuli ma-
nipulation (lexical and grammatical) equally affect the processing of identified collocations
in three samples of participants; and third, whether proficiency can modulate processing
dynamics under different conditions. In order to investigate these issues, we selected
twelve collocations on the basis of three quantitative corpus-based measures and then
modified them lexically (by replacing the verb of the collocation with a synonym) and
grammatically (by inserting an agreement error between the article and the noun of the
collocation). We then developed an eye-tracking experiment which was administered to
thirty-six participants (twelve native speakers, twelve intermediate, and twelve advanced
learners of Italian). We analysed the total duration of fixations and number of fixations
through mixed-effects modelling. In the following subparagraphs, we discuss one research
question at a time and then we address how our results can provide new insights into the
processing of phraseological units through different kinds of stimuli manipulation.

RQ1: How do speakers and learners process typical collocations compared to their
manipulated counterparts?

Our first research question addressed the issue of whether conventional Verb+Noun
collocations are processed faster than their manipulated counterparts by L2 intermediate
leaners, L2 advanced leaners, and native speakers of Italian. Both the TDF and the NF
models exhibit a similar linear pattern: in both cases, in fact, the reading times and the
number of fixations increase in modified collocations compared to typical collocations.
Specifically, lexically manipulated and grammatically violated collocations were read
slower compared to original collocations and both lexically and grammatically violated
collocations received more fixations compared to original stimuli. In our models, the
differences are significant between the intermediate leaner and native speaker groups and
between the advanced and intermediate learners. On the contrary, advanced learners and
native speakers did not process collocations and their manipulated counterparts differently.
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This finding confirms the processing advantage of typical phraseological units over
control conditions found in the literature (Siyanova-Chanturia et al. 2011; Vilkaite 2016;
Kyriacou et al. 2020; Carrol and Conklin 2020). Siyanova-Chanturia et al. (2011) found that
native speakers and advanced learners were sensitive to the configuration of binomials
and they read binomials faster than their reversed forms. Moreover, Sonbul (2015) focused
on Adjective+Noun collocations and found a processing advantage of the typical form
of collocations over their non-typical forms only in the early stages of processing both
in native speakers and learners but not in late measures. Contrary to Sonbul (2015), we
did find a processing advantage of typical collocations over their modified phrases in the
final stages of processing. We hypothesise that the difference between our results and
Sonbul’s (2015) might be due to the fact that Adjective+Noun collocations are likely to
be perceived as less restricted by language users than Verb+Noun collocations. In light
of a lower degree of restriction, speakers might be more tolerant of deviant collocations
(Sonbul 2015). On the contrary, our results are in line with the findings of Vilkaite (2016)
and Vilkaité and Schmitt (2017). The authors report a processing advantage of adjacent and
non-adjacent typical collocations over their control phrases in native speakers. However,
the processing advantage of non-adjacent typical collocations over their control conditions
was not found in learners, which is not in line with our findings that show that learners
process original collocations faster than their control phrases. Keeping together our results
and the results of previous studies, we argue that the processing advantage of typical
collocations over atypical collocations could be explained by a lexical priming mechanism
through collocation elements (Hoey 2005). When our participants read the first element
of collocations, they expected the second element, and satisfaction of this expectation
(original condition) resulted in less reading time of original collocations compared to
modified collocations.

Our results are also in line with usage-based theories of language learning. In this
theoretical framework, language learning is seen as a result of the entrenchment of lexical
connections which is, in turn, determined by frequency of exposure. The occurrence of a
word combination within our concrete experience with the language leaves a trace which
will then facilitate the processing of subsequent occurrences of the same (or similar) word
combination(s) (Kemmer and Barlow 2000; Ellis et al. 2008; Hoey 2005). As a result, learners
who have had a more limited exposure to the target language in general and with the
typical, most frequent combinations characterising that language will have a reduced
processing advantage related to phraseological units in comparison to other learners with
more extensive experience and with native speakers. Our findings, in fact, show non-
significant differences between advanced learners and native speakers in the processing
of stimuli. This finding is fairly in line with previous research (Siyanova-Chanturia et al.
2011), where advanced learners exhibited a similar behaviour to native speakers, with no
marked differences.

RQ2: To what extent do grammatical violations and lexical manipulations disrupt the
processing of collocations in native speakers and learners?

Stimuli manipulation produced a processing cost in terms of reading times and number
of fixations. We then asked how different types of manipulations (i.e., grammatical and
lexical) are processed in native speakers and learners. Here, again, we noticed a similar
pattern for both the TDF and the NF models for the learners’ measurements. On the
contrary, for native speakers, the two models slightly differ: we observe larger differences
in reading times than in fixation counts over the two types of manipulations. Further,
intermediate learners took more time in processing lexically manipulated collocations
compared to native speakers. Interestingly, advanced learners processed more slowly and
fixated more frequently on lexically manipulated collocations compared to intermediate
learners. On the contrary, no significant difference was found between advanced learners
and native speakers. Indeed, for both native speakers and advanced learners, the total
reading time gradually increased from the typical to the non-typical collocations, but more
interestingly, the largest values were found for lexical transformations in both cases.
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Lexical manipulation significantly affected the processing times of modified colloca-
tions compared to grammatical violation. This finding suggests that altering the typical
form of a collocation could disrupt the priming mechanisms at the root of collocation
processing (Hoey 2005). Indeed, when readers encountered a synonym of the verb that
substituted the first element of the collocation, the recall of the second element of the
collocation was not prompted and readers could not expect the second constituent. This
mismatch in expectation resulted in a longer reading time for the lexically manipulated
collocations than for the intact collocations. Interestingly, grammatical violation did not
significantly produce a processing cost. Grammatical violation did not alter the form of
the typical collocations. Thus, an agreement error between collocation elements could not
disrupt the priming mechanism at the root of collocation processing and readers could be
more tolerant with grammatical violations compared to lexical manipulations.

However, grammatical violation as well as lexical manipulation significantly affected
the number of fixations, with grammatically violated collocations receiving more fixations
compared to original collocations. This result suggests that grammatical information is inte-
grated during online processing as readers noted the agreement error between collocation
elements, which is in line with previous research (Lim and Christianson 2015). However,
contrary to lexical manipulation, grammatical violation did not significantly increase read-
ing times, suggesting that readers recovered more quickly from agreement error between
collocation elements compared to lexical substitution. Thus, lemma manipulation is still
more salient than phrase-level grammatical incongruency.

All things considered, our findings show that lexical and grammatical manipulation
disrupt the processing of collocations in native speakers and learners, with lexical manipu-
lation being more problematic than grammatical manipulation. On the contrary, a clear
distinction between lexical and grammatical manipulation was not found in intermediate
learners. Further, native speakers and advanced learners took more time in reading both
lexically and grammatically manipulated collocations compared to typical collocations,
suggesting that they might have activated a compositional route in resolving the processing
cost induced by manipulated items.

RQ3: How does proficiency influence the processing of typical and non-typical colloca-
tions in learners of Italian?

We now turn to our third research question. As we have seen, both the TDF and the NF
models show significantly different values for intermediate learners compared to advanced
learners. This result is in line with previous studies which confirmed a significant effect
of proficiency on phraseological processing (Siyanova-Chanturia et al. 2011; Vilkaité and
Schmitt 2017) with the exception of Sonbul (2015), who found no evidence of proficiency
interacting with the processing of Adjective+Noun collocations in L2 learners.

Both learner groups processed lexically manipulated collocations slower than original
collocations. Interestingly, intermediate learners took less time to read and fixated less on
frequent collocations with lexical manipulation compared to advanced learners. Further, the
difference in the processing and number of fixations between the original collocations and
their modified counterparts is less marked in intermediate learners compared to advanced
learners. This could depend on the fact that intermediate learners may be less aware
of lexical restrictions on collocations compared to advanced learners, as they have less
experience with the target language and, thus, they might be more tolerant of deviations
from the typical form of collocations. Further, our results found no evidence of a significant
difference between native speakers and advanced learners, showing a similar trend in the
processing of collocations and their counterparts between the two groups. This is in line
with Hoey’s (2005) and usage-based theories, which are based on the entrenchment of
connections due to exposure to and experience with the target language. Specifically, in the
lexical priming theory (Hoey 2005), there may be little difference between the mechanisms
at the root of the collocation process when comparing native speakers and learners. The
key difference between native speakers and learners is exposure to the target language.
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Therefore, the more learners are exposed to the target language, the more they process
collocations in a similar way to native speakers, as our results showed.

5. Conclusions

We investigated how native speakers and learners (intermediate and advanced) of
Italian processed phraseological units that were lexically and grammatically modified.
Our results showed that lexical and grammatical modifications produce a processing
cost, confirming that typical collocations are processed faster during online processing
then their manipulated counterparts. Moreover, intermediate learners processed lexically
manipulated collocations differently than native speakers and advanced learners, while
advanced learners showed a processing pattern similar to native speakers.

However, some limitations need to be considered. First of all, although this is an
exploratory study and the power of the models is substantial, the first critical point concerns
the small sample of items and participants. Increasing the number of items and subjects in
future studies could reach a stronger significant effect and more powerful models. Second,
another limitation concerns the eye-tracking measures analysed in this study: we looked
only at the final stages of processing as we were interested in how participants recover
from processing disruptions. However, in future research, early eye-tracking measures
should also be taken into account to investigate whether grammatical and lexical violations
affect the early stages of reading.

As far as we are aware, no previous study has deeply looked into how both lexical
and grammatical manipulations affect collocation processing. As we focus on both the
lexical and grammatical levels of phraseological units, our aim is to suggest new insights
into the relationship between direct and a compositional processing of phraseological units.
In this regard, our results suggest that both native and learner groups have access to the
internal structure of collocations. This is in line with recent studies that have suggested that
highly fixed phraseological sequences (e.g., idioms) have an internal structure and their
constituents are partly analysed during online processing. We assume that this processing
advantage might be due to the salient properties of collocations (frequency and convention-
ality) and to the priming relationship between collocations” elements (Hoey 2005). Altering
the internal structure of collocations at both lexical and grammatical levels disrupts the
priming mechanisms at the root of collocation processing. However, grammatical violations
are less problematic—as they do not alter the typical form of a collocation—compared to
lexical manipulations.

Further, looking at learners’ data, it should be pointed out that advanced learners pro-
cess original and modified collocations in a more similar way to native speakers compared
to intermediate learners. According to Hoey’s theory (Hoey 2005) and usage-based models,
language acquisition is based on the entrenchment of connections due to exposure to the
language. It is likely that advanced learners tend to process collocations in a more similar
way to native speakers and they are more exposed to L2 than intermediate learners. With a
greater amount of exposure, learners are more likely to become sensitive to phraseological
units’ properties and to process them as native speakers do.

Finally, our results, together with findings from previous studies, confirm that collocation
processing is driven by priming mechanisms and modifying collocations at both a lexical and
grammatical level disrupts those mechanisms at the root of collocation processing.
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Notes

! Experience with language can be defined as the cumulative exposure a speaker has with a language. In the view of usage-based

models, experience with language is accumulated whenever the speaker in exposed (i.e., comes into contact) with language
(Tomasello 2003; Bod 2006). Experience changes each time the speaker is exposed to the linguistic input. Therefore, exposure to
the target language shapes linguistic experience (Bod 2006). Language acquisition can be viewed as a statistical accumulation of
language experience. In the case of L1 acquisition, the speaker is currently exposed to and surrounded by linguistic input, which
enables firmer acquisition of language structures and vocabulary. In contrast, in L2 acquisition, the learning context is different,
and learners are less exposed to the target language (i.e., in the case of foreign language). This makes second-language learning
more vulnerable. However, greater exposure to the L2 involves greater accumulation of language input, which strengthens
L2 learning.

The number of participants is lower than what is usually found in similar studies. This is motivated by the fact that this study is
part of a larger exploratory study aimed at evaluating the relationship between production and processing of phraseological
units in a group of Italian L2 learners. As we wanted to connect production data with processing data based on the same sample
of participants, the number was inevitably low. This affected the parallel study (i.e., the present one), in which the aim was not to
compare production and processing of phraseological units in a single sample of participants but rather to compare native and
learners with respect to the single dimension of processing.

We used log dice instead of MI—the canonical association measure employed in identifying collocations in corpora—as, contrary
to ML, it is not dependent on corpus dimensions. Considering the small size of our reference corpus, we used log dice to derive a
more reliable and standardised measure of association.

https:/ /www.treccani.it/vocabolario (accessed on 1 March 2021).

t-tests show no significant difference in length (t (8) = —0.193; p = 0.85) as well as in frequency (¢ (9) = 0.387; p = 0.71) between the
original and the manipulated verb.

These measures are most commonly known as total reading time and fixation count. However, we adopt the terms used in the
software version employed in collecting the data for the present study.
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