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Abstract
This study investigated the influence of syntactic complexity on prediction
in second language (L2) processing. In a visual world eye-tracking
experiment, we compared L2 listeners’ prediction while processing simple
(e.g., The dancer will open/ get the present) vs. complex sentences (e.g., [
know the friend of the dancer that will open/ get the present). Prediction
was measured by comparing fixations to the targets (e.g., present) between
semantically biasing (e.g., open) vs. neutral verb (e.g., get) conditions.
Results showed that L2 listeners predicted while processing complex as
well as simple sentences, but the prediction effect during complex
sentence processing emerged somewhat later. These findings suggest that
L2 prediction is influenced by syntactic complexity which can increase

cognitive load during sentence processing.
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Introduction

Research suggests that first language (L1) speakers are likely to predict
upcoming linguistic information during comprehension (see Kuperberg &
Jaeger, 2016, for a recent review). Findings of linguistic prediction has
advanced our understanding of and provided important theoretical
implications for language processing and learning (e.g., Chang et al., 2006;
Pickering & Garrod, 2013). Specifically, proactive anticipation of
upcoming linguistic information suggests that top-down processing is
much more engaged in comprehension than it was traditionally considered
(Marslen-Wilson, 1973). In addition, as prediction facilitates
comprehension, predictive processing could partly account for L1
speakers’ rapid comprehension with great ease (Altmann & Kamide, 1999;
Altmann & Mirkovi¢, 2009; Federmeier, 2007; Kamide et al., 2003).
Finally, linguistic prediction has provided supporting evidence for
learning accounts which propose that prediction mechanisms underlie
implicit learning (e.g., the error-based learning account; Chang et al.,
2012). Under these learning accounts, learning is claimed to occur in the
process of reducing prediction error and thus predictive processing is
considered vital for learning (for discussion, see Hopp, this volume).
Given these theoretical implications, it is no surprise that a great

deal of attention has been paid to prediction in second language (L2)
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learners as well. L2 speakers’ comprehension has typically been shown to
be slower and more difficult than L1 speakers’ comprehension, and this
could possibly be related to L2 speakers’ lack of predictive abilities
(Brouwer et al., 2017). Accordingly, research on L2 prediction has
primarily focused on L2 speakers’ predictive ability, namely whether they
are able to predict and if so, whether they can predict to the same extent as
L1 speakers (Dijkgraaf et al., 2017; Griiter et al., 2012; Griiter et al., 2014;
Martin et al., 2013). Such studies manipulated different types of predictive
cues and reported findings that L.2 speakers are able to predict (Chambers
& Cooke, 2009; Dijkgraaf et al., 2017; Koehne & Crocker, 2015).
However, L2 speakers’ engagement in prediction seems to vary depending
on the types of predictive cues, interacting with multiple factors that
influence L2 processing in general (e.g., age of acquisition, L2 proficiency,
and cross-linguistic differences between L1 and L2). These interactions
remain rather unclear, as do the factors modulating L2 speakers’
predictive processing. Exploring the interactions or the mediating factors
will provide a better picture of linguistic prediction and ultimately help us
better understand predictive mechanisms as well as develop theoretical
accounts of linguistic prediction. The current study therefore aims to
contribute to this strand of research by investigating whether L2 prediction

is influenced by syntactic complexity.
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Prediction in comprehension

There has been a surge of research on linguistic prediction during the last
two decades, and such studies yielded the consensus that L1 speakers —
children as well as adult speakers - make predictions about upcoming
linguistic input during comprehension (Altmann & Kamide, 1999;
Kuperberg & Jaeger, 2016). Prediction in this paper is defined as pre-
activation of upcoming linguistic input (Huettig & Guerra, 2019;
Pickering & Gambi, 2018). Suppose that a comprehender processes a
sentence like On his birthday, the boy cut the cake. If comprehenders
predict ‘cake’, some linguistic information regarding cake (e.g.,
conceptual feature +tEATABLE, some phonological feature /keik/, and
grammatical gender information of cake if the language marks gender) is
pre-activated upon reading or listening to cut the (i.e., before they read or
listen to the word cake).

Pre-activation of such linguistic information has predominantly
been measured using electrophysiological responses or eye movements.
Using the phonological regularity in English (e.g., a + consonant-initial
words and an + vowel-initial words), DeLong et al. (2005) designed an
eletroencephalography (EEG) experiment to measure pre-activation of

specific articles and nouns. Native English participants read sentences of
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varying constraint (e.g., The day was breezy so the boy went outside to
fly...) that included target articles and nouns with ranges of cloze
probability (e.g., a kite is highly likely whereas an airplane is less likely in
the given example sentence). When participants were expecting a kite but
an airplane was presented, the violation of the phonological regularity
would elicit a change in the amplitude of the ERPs for the articles. As
expected, the amplitude of the N400 elicited by the articles varied
depending on article expectancy. The N400 was larger when the cloze
probability of the article and noun was smaller. Since the articles were
grammatically and semantically congruent within the contexts, the
negative correlation between the N400 amplitude at the article and the
article cloze probability was interpreted as suggesting that L1 readers
make probabilistic predictions about upcoming nouns and pre-activate
some phonological information of the words. That is, as they anticipate the
phonological form of a noun (e.g., a consonant-initial word, kite) and
expect one article (e.g. a) relative to the other (e.g., an), they would
experience integration difficulty when the less-expected article was
presented (see Nieuwland et al., 2018, for different findings).

Stronger evidence for prediction comes from the visual world eye-
tracking studies which measure listeners’ anticipatory looks to the
upcoming referents in a visual display. For example, Altmann and Kamide

(1999) recorded eye movements from L1 English speakers while they
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were listening to sentences containing semantically restrictive verbs (e.g.,
“The boy will eat the cake”) or neutral verbs (e.g., “The boy will move the
cake”). When presented with a scene depicting a cake and inedible objects,
these English speakers’ fixations on the cake increased as soon as the
constraining verb was heard. Crucially, participants showed more fixations
on the cake than the other objects even before they heard the direct object
cake. These anticipatory eye movements suggest that L1 listeners predict
plausible direct objects using the selectional restrictions of verbs. To date,
visual world eye tracking studies have shown that L1 speakers use various
types of cues to predict upcoming information ( e.g., semantic cues:
Altmann & Kamide, 1999; Kamide et al., 2003; syntactic cues: Arai &
Keller, 2013; discourse cues: Otten et al., 2007; prosodic cues: Ito & Speer,

2008; Nakamura et al., 2012; Perdomo & Kaan, 2019).

Prediction in L2 comprehension

Prediction is not only resource-expensive processing, but it also entails the
risk of failure. Building up expectations during computations of ongoing
information already requires more cognitive resources than simply
integrating information which unfolds in a rapid fashion. It demands

further cost if the predictions do not match the actual linguistic input and
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thus need to be rapidly revised while the processor also needs to keep up
with the ongoing information. Considering the high expense, generating
predictions can be challenging or risky for L2 speakers and may not be
possible for those who are already overburdened by online integrative
processing during comprehension. Therefore, L2 speakers have been
claimed to have Reduced Ability to Generate Expectations (the RAGE
Hypothesis; Griiter et al., 2014). Studies on L2 prediction revealed that the
influence of RAGE on L2 processing differs depending on linguistic cues,
interacting with various factors that influence L2 processing in general.
When semantic cues are available in the context, L2 speakers are
likely to use them predictively, often to a similar extent as L1 speakers.
Chambers and Cooke (2009) replicated Altmann and Kamide’s (1999)
semantic prediction effect with L2 speakers. When presented with French
sentences like Marie va nourrir la poule (‘Marie will feed the chicken’) or
Marie va décrire la poule (‘Marie will describe the chicken’), late L2
learners of French with high proficiency showed more anticipatory looks
to the target picture of poule (‘chicken’) upon hearing the verb nourrir
(‘feed’) compared to hearing the verb décrire (‘describe’). Such semantic
cues could be readily used for prediction by L2 speakers even at the
beginning level (Koehne & Crocker, 2015). Unbalanced bilinguals also
showed semantic prediction in both L1 and L2, and their semantic

prediction in L1 did not differ from monolinguals’ prediction (Dijkgraaf et
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al., 2017). Importantly, semantic prediction in L2 has been shown to be
affected by the spread of semantic activation (Chambers & Cooke, 2009;
Dijkgraaf et al., 2019). In a study using a visual world paradigm, Dijkgraaf
et al. (2019) tested whether bilinguals make semantic predictions to the
same extent in their L1 and L2. When presented with a display containing
a picture of either a target or a semantic competitor and three unrelated
objects, bilinguals showed more anticipatory fixations on the target and
the semantic competitor than on the other objects in both L1 and L2. They
also showed more anticipatory fixations to semantically related
competitors than the other objects, and this effect appeared stronger and
earlier in their L1 than in L2. These findings indicate that semantic
predictions in L2 are made in a similar fashion as those in L1, but the
extent of semantic prediction seems to be influenced by the spread of
semantic activation. L2 speakers’ inevitable experience of lexical
competition through cross-lingual word coactivation and their lower
language experience in L2 could result in weaker semantic representations,
which in turn may be attributable to weaker and slower semantic
activation during L2 semantic prediction.

As for (morpho)syntactic cues, prior studies revealed mixed
findings with much more variance. Some studies found that L2 speakers
show difficulties in using (morpho)syntactic information for prediction

(e.g., Griiter et al., 2012; Lew-Williams & Fernald, 2010; Martin et al.,
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2013; Mitsugi & MacWhinney, 2016) whereas others demonstrated that
L2 speakers could use this type of information predictively (e.g., Dussias
et al., 2013; Foucart et al., 2014; Schlenter & Felser, this volume). The
picture emerging from recent studies is that syntactic prediction in L2
interacts with factors such as L2 speakers’ proficiency and their L1
backgrounds. For instance, intermediate L2 Japanese learners who had
grammatical knowledge about Japanese case markers could not utilize the
case marking information to predict an upcoming word (Mitsugi &
MacWhinney, 2016). Similarly, moderately proficient English learners of
Spanish could not use grammatical gender information for prediction
despite their relevant grammatical knowledge. In contrast, highly
proficient L2 speakers could use grammatical gender information for
prediction in a native-like way (Dussias et al., 2013; Schlenter & Felser,
this volume). Furthermore, L1 backgrounds seem to have a significant
influence on syntactic prediction in L2. In contexts where the L1 shared
similar syntactic properties with the L2, L2 speakers could use syntactic
information to make predictions. van Bergen and Flecken (2017) tested
three groups of Dutch learners with different L1 backgrounds (English,
French and German), and only those with German L1 background, whose
L1 similarly encodes object position, could make use of Dutch placement
verbs to predict object position. This pattern was observed regardless of

age of acquisition. Both early and late L2 learners could make syntactic
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predictions in a similar manner to L1 speakers when the same syntactic
feature (e.g., gender agreement rule) exists in L1 and L2 (Foucart et al.,

2014; see also Foucart, this volume).

Variation in prediction and mediating factors

As introduced above, L2 speakers show large variability in prediction.
However, the case is not limited to L2 speakers. The current literature
reveals variation in prediction within and across populations (Federmeier,
2007; Federmeier et al., 2002; Huettig & Guerra, 2019). Considering that
prediction is basically part of language processing, which is constrained
by timing, whatever influences language processing in general can be
considered to give rise to variation in prediction within and across
speakers. Exploring this variation will help us further understand how
prediction mechanisms work.

Studies showing when predictions fail provided as much
information about predictive mechanisms as ones showing when
predictions succeed. For instance, Chow et al. (2018) investigated the
impact of argument role information on verb predictions using the ba
construction in Mandarin Chinese. The particle ba is always positioned

between the subject and the direct object (i.e., subject + ba + object +
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verb). Therefore, syntactic roles of preverbal arguments are easily
noticeable in this construction, and the likelihood of an upcoming verb is
changed by the arguments’ structural roles. That is, the verb, arrest is
more likely to appear in a sentence like Jingcha ba xiaotou ... (‘cop BA
thief ...”) than in a sentence like Xiaotou ba jingcha ... (‘thief BA cop ...”).
In an ERP study using this ba construction, Chow et al. manipulated
argument role information (canonical vs role-reversed sentences) and
predictability (high vs. low predictability) in Experiment 1, and the linear
distance between the pre-verbal arguments and the verb (e.g., ‘cop ba thief
(vesterday after noon) arrest’) in Experiment 2. Results of this study
showed that L1 comprehenders failed to predict verbs using argument role
information (i.e., no N400 effect by argument role reversals even in the
high predictability condition), but their verb predictions were sensitive to
this information when the context was highly predictable and more time
was available (i.e., an N400 effect by argument role reversals in the the
long-distance condition with high predictability). The delayed impact of
argument role information on verb prediction indicates that verb
predictions evolve over time. Chow et al. interpreted these findings as
suggesting that prediction involves computations requiring different
amounts of time. In addition, Huettig and Guerra (2019) observed that L1
prediction is constrained by experimental conditions such as speech rate,

preview time of visual context, and participant instructions. While
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listening to normal speech, L1 comprehenders showed prediction effects
only when they were given extensive preview time (4 sec), but not when
they had short preview time (1 sec). Also, they showed only a small
prediction effect under the condition with a normal speech rate and a short
preview even though they were explicitly instructed to predict. These
results provided evidence against the notion that human brains are
essentially prediction machines (Clark, 2013).

Furthermore, variation in prediction prompted research exploring
potential factors that influence predictive processing and helped us
understand which factors play an important role in prediction. According
to Huettig and Janse (2016), L1 adult speakers’ syntactic prediction is
modulated by their working memory abilities and processing speed. The
better working memory and the faster processing speed, the more likely
that L1 comprehenders predict (but see Otten & Van Berkum, 2009, for a
failure of finding effects of working memory span on prediction).
Regarding inconsistent prediction effects in L2, Mitsugi and MacWhinney
(2016) suggested that this may be due primarily to limited cognitive
resources in L2 speakers. During sentence comprehension, speakers need
to retrieve relevant information from memory and integrate this
information as the sentence unfolds. They also need to integrate non-
linguistic information from the language environment with the linguistic

information that they retrieved from memory. In this process, if L2
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speakers use up cognitive resources for complex online computations, few
resources may be left for prediction (see Ito, this volume). Given that
greater cognitive resources are required for L2 comprehension than L1
comprehension (Segalowitz & Hulstijn, 2005), L2 speakers may have
difficulties in accessing necessary knowledge for prediction (e.g.,
grammatical knowledge) particularly when they are given complex cues
(e.g., combinations of semantic and syntactic information).

This view is in line with the RAGE hypothesis under which the
limitation of L2 prediction is because of cognitive burden that L2 speakers
experience during online computation of linguistic input. This issue was
more directly addressed in some recent studies. With the hypothesis that
increased cognitive load would interfere with prediction, Ito et al. (2018)
investigated the relationship between cognitive load and predictive eye
movements in both L1 and L2 speakers. In visual world eye-tracking
experiments, half of the participants in each speaker group listened to
sentences with a simple SVO structure (similar to those used in Altmann
and Kamide, 1999) and clicked a mentioned object on the visual displays
(i.e., listen-and-click task only). The other half performed an additional
working memory task. Compatible with previous findings, both groups of
participants who did the listen-and-click task only showed more
anticipatory fixations on the plausible objects (e.g., scarf) when listening

to semantically restrictive verbs (e.g., fold) than when listening to
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semantically neutral verbs (e.g., find). However, this semantic prediction
effect was delayed for those who performed the concurrent working
memory task in both L1 and L2 speaker groups. These findings were taken
to support the view that an additional working memory task can impose a
cognitive load even during simple sentence processing and consequently
delay the prediction effect.

However, the study by Ito et al. lacked ecological validity in that
the cognitive load externally imposed by the memory task is far from the
cognitive challenges that speakers usually experience during sentence
processing. The effects of cognitive load on prediction can be investigated
in a more natural setting by manipulating syntactic complexity. L2
speakers have shown difficulties when they process complex sentences,
and their processing is modulated by cognitive capacities (Dussias & Pifar,
2010; Zhou et al., 2017). These findings imply that syntactic complexity is
one of the factors which can increase cognitive load during sentence
processing. In this regard, Chun and Kaan (2019) investigated whether L2
speakers are able to make predictions even while processing complex
sentences. Thus far, semantic prediction during simple sentence
processing has been well-attested, and therefore their study solely focused
on the comparison of prediction during complex sentence processing
between L1 and L2 speakers. In a visual world eye-tracking experiment,

participants listened to relative clause (RC) sentences with complex noun
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phrases (e.g., I know the friend of the dancer that will open/ get the
present) containing either semantically biasing or neutral verbs. As
processing complex sentences would increase cognitive load and more
cognitive resources are required for L2 processing than L1 processing, L2
speakers were expected to feel overburdened by online computation itself
and fail to make predictions during complex sentence processing. Contrary
to this expectation, L2 speakers showed native-like prediction, directing
their eyes to the predictable target object (e.g., present) based on the
semantic information of the verbs while processing complex sentences.

Despite the novel finding of L2 prediction effects during complex
sentence processing, Chun and Kaan’s (2019) study had some limitations.
They did not include comprehension questions for the sake of examining
prediction during natural sentence processing. As participants’
comprehension was not probed, the authors could not exclude the
possibility that L2 participants did not fully parse the structures (i.e.,
shallow processing). If this was the case, those who had not fully parsed
the structures might have not used up resources for online computation,
which could have led them to use resources for prediction. In other words,
L2 participants could just focus on the verb information (e.g., open) and
anticipate the plausible direct objects (e.g., present), without attaching the
RC to any of the noun phrases (NPs). They then might not have

experienced much cognitive load and used resources for prediction even
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during complex sentence processing. In addition, Chun and Kaan
compared prediction effects between L1 and L2 speakers only during
complex sentence processing, and their results did not inform us of the
extent to which syntactic complexity can influence L2 prediction. The
present study was therefore designed to extend Chun and Kaan’s (2019)
study by ruling out the possibility of incomplete parsing (using

comprehension questions) and including a simple sentence condition.

The current study

In this study, we conducted a visual world eye-tracking experiment to
investigate the influence of syntactic complexity on L2 prediction. We
included comprehension questions to encourage L2 speakers’ full parsing.
We also compared L2 prediction during simple vs. complex sentence
processing to understand the extent to which syntactic complexity
influences L2 prediction.

To replicate L2 prediction during complex sentence processing, we
used the same sentences as those in Chun and Kaan (2019) for the
complex sentence condition. We manipulated semantic associations
between the critical elements (e.g., between the agent and the verb, and

between the verb and the theme) to provide semantic cues. We created the

16



Influence of syntactic complexity on L2 prediction

materials for the simple sentence condition (e.g., The dancer will open the
present) by extracting critical elements from the complex sentences (e.g., [
know the friend of the dancer that will open the present). This was to keep
the semantic cues consistent between the two sentence conditions. In this
way, the materials in both sentence conditions could only differ in terms
of syntactic complexity while keeping all the key lexical items identical.
However, the same lexical items between the two sentence conditions
could yield repetition effects, and thus we employed a between-subject
design. Based on the previous findings that cognitive load delays
prediction effects (Ito et al., 2018), we expected L2 prediction to be
delayed during complex sentence processing if syntactic complexity
increases cognitive load for online computations and in turn influences

prediction.

Method

Participants

Fifty Chinese learners of English were recruited from a university in Hong

Kong. They participated in this study for monetary compensation ($80

HKD per hour). Half participants were exposed to the simple sentences
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and the other half to the complex sentences. None of these participants had
hearing problems or learning disorders. Before the main experiment, all
participants completed informed consent forms approved by the
Institutional Review Board of the university. A battery of tests was used to
examine participants’ working memory capacity and linguistic proficiency:
a reading span task (Kane et al., 2004), the Shipley vocabulary test
(Shipley, 1940), and the grammar and cloze section of the
MELICET(Michigan English Language Institute College English Test;
University of Michigan, 2001). We also collected self-reported scores of
IELTS (International English Language Testing System). Participant
information is provided in Table 1. The two groups of L2 participants did
not differ in working memory capacity (the reading span task: #(47.23)= -
0.12, p = .91), vocabulary size (the Shipley test; #(47.62)=1.76, p = .08) or
any measures of proficiency (IELTS: #41.69) =-0.67, p = .51; the

Grammar and Cloze section of MELICET: #48)= 0.46, p = .65).

< Table 1 around here >

Stimuli

In order to assess participants’ use of semantic cues for prediction, half of

the sentences in each sentence condition included semantically biasing
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verbs and the other half included neutral verbs. The experimental stimuli
for the complex sentence condition consisted of fourteen pairs of
sentences including object-modifying and subject-extracted relative
clauses (e.g., [ know the friend of the dancer that will open/ get the
present). As for the experimental stimuli for the simple sentence condition,
fourteen pairs were created by extracting the second noun phrase (NP2),
the verb, and the object in the RCs from the complex sentences (e.g., The
dancer will open/get the present). That is, the simple sentences contained
exactly the same verbs and the objects as those in the RCs from the
complex sentences, and the subjects of the simple sentences always
corresponded to the NP2 of the complex sentences. In this way, the
semantic information for predictive cues was controlled for between the
two sentence conditions (simple vs. complex). Sixteen RC sentences with
one NP (e.g., “The chef knows the girl that will cook the chicken’) were
prepared for the fillers and used for both conditions.

The complex sentences were recorded by a female native
American English speaker at the sampling rate of 44.1 kHZ. They were
recorded at a rate of 3.1 words per second. The duration of the verb and
the determiner was kept constant across the items (i.e., verb + the: 642 ms).
This was to provide participants with the same amount of time to make
predictive eye movements. Then, the auditory stimuli for the simple

sentence condition were spliced from those for the complex sentence
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condition. In this way, not only the speech style and rate but the duration
of the critical time window for prediction was also consistent across the
items in both conditions. For the visual displays, we prepared fourteen
scenes that depicted three objects (e.g., a target and two distractors) and
two agents (e.g., a boy and a girl) referring to the two noun phrases in the
complex sentences (see Figure 1). The item which can be an appropriate
theme of the semantically biasing verb was coded as the target. The two
distractors were as likely to be the themes of the semantically neutral verb
as the target. For example, the target present in Figure 1 is the only item
that can be the theme of open whereas the distractors money and trophy
can be as likely to be the themes of get as the target present. To verify this
semantic manipulation, a norming study was separately conducted with
native speakers of American English (N = 101). Participants were asked to
complete a given sentence fragment (e.g., The boy will open/ get )
using any object on the visual display. In this test, participants chose the
target item 96% of the time when the biasing verb was presented whereas
they did so 42% of the time when the neutral verb was presented. The

locations of the targets and the distractors were randomized on each trial.

< Figure 1 around here >
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We prepared comprehension questions (e.g., Who will open the
present?) to encourage participants to fully parse the experimental
sentences. Since there were no correct answers for the ambiguous RCs in
the complex sentence condition, participants’ parsing accuracy could not
be checked. However, research has shown that speakers have attachment
bias when parsing ambiguous RC sentences. Thus, we prepared a quick
behavioural task to identify each participant’s attachment bias and
compared their attachment interpretations in the behavioral task with their
comprehension answers during the eye-tracking task. For this behavioral
task, we prepared four sets of auditory stimuli with each set consisting of
nine ambiguous RC sentences (e.g., Michelle sees the child of the mother
that is talking to the woman) and twelve fillers (RC sentences with one
NP). Participants’ comprehension answers during the eye-tracking task
were expected to be parallel to their RC attachment interpretations in the
behavioral task on the assumption that they would use their attachment
bias when processing the ambiguous RCs in the complex sentence

condition.

Procedure

The behavioral task to identify participants’ attachment bias was first

administered using E-prime (Psychological Software Tools). The lists of
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ambiguous RC sentences were counterbalanced across participants and the
experimental sentences in each list were pseudorandomized with the fillers
intervening one or two experimental sentences. In this behavioral task,
participants were instructed to listen to auditory sentences (e.g., Michelle
sees the child of the mother that is talking to the woman) via headphones
and answer questions (e.g., Who is talking to the woman?) by pressing a
button which corresponded to the first noun phrase (NP1) or the second
noun phrase (NP2).

Then, the visual world eye-tracking task was conducted on an
Eyelink 1000 system with a chin rest. Before the beginning of the
experiment, we completed an automatic 9-point calibration and validation
routine using a standard black and white bull’s eye image. Recalibration
was conducted during the experiment whenever necessary. The visual
displays were presented using a PC computer running EyeLink
Experiment Builder software (SR Research, Mississauga, Ontario, Canada)
and auditory stimuli were presented using the same computer via head
phones. While listening to auditory sentences, participants’ eye
movements were recorded at a 500 Hz sampling rate. Before the main
experiment, participants practiced with 5 trials and the practice was
repeated until they understood the task.

Each trial started with a bull’s eye image at the center of the screen

which served as a drift correction. Participants were instructed to fixate on
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it and press the space bar whenever they were ready to proceed. Once the
space bar was pressed, a visual display was presented for 2000ms before
the onset of a sentence. After this preview, participants heard auditory
sentences and clicked the last-mentioned object from the auditory stimuli.
The visual display remained on the screen until they clicked. The
behavioral mouse-clicking was to encourage participants to pay attention
to the task and look at the visual display. Finally, participants answered
comprehension questions by pressing buttons. The same questions were
presented for both sentence conditions (e.g., Who will open the present?),
but the questions were used to probe RC attachment interpretations for the
complex sentence condition. The trials of the eye-tracking task were

randomly presented.

Results

Behavioral task accuracy

The accuracy of the mouse-clicking responses was 99.3 % in the simple

condition and 93.4 % in the complex condition. With regards to

comprehension accuracy, participants in the simple sentence condition

showed 96.7% accuracy. For the complex sentence condition, participants’
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comprehension answers were significantly correlated with their
attachment interpretations in the behavioural task (#(23) = .43, p = .03).
This result suggests that participants in the complex sentence condition

parsed the ambiguous RC structures following their attachment bias.

Eye-tracking data analysis

The eye-tracking data were analyzed using the Ime4 package (Bates et al.,
2015) in R (R Core Team, 2016). First, we preprocessed the eye-tracking
data using the VWPre package (Porretta et al., 2017). The fixation
proportions on the target and the other objects were calculated for each 20
ms time bin relative to the onset of the target noun, and then fixation
probability in every time bin was transformed into log odds, using the
empirical logit function (Barr, 2008) installed in the package. Track loss
or blinks were not included for fixations, and the trials with incorrect
mouse-clicking responses and comprehension answers were excluded for
the eye-tracking analysis.

Figure 2 plots the fixation proportions to the targets between the
biasing (the solid lines) and the neutral verb conditions (the dotted lines)
in the simple and complex sentence conditions. This time-course plot
shows mean fixation proportions to the targets from 1000ms before to

1000ms after the onset of the target noun. The plot was time-locked to the
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onset of the target noun (the vertical solid line at time zero) and the
vertical dashed line marks the onset of the verb in the spoken sentence.
The error-bands indicate 95% bootstrapped confidence intervals of mean
fixation proportions to the targets. As seen in Figure 2, L2 participants in
both simple and complex sentence conditions showed more anticipatory
looks to the targets in the biasing versus the neutral verb conditions before

they heard the target noun.

< Figure 2 around here >

For statistical analysis of the prediction effect, we constructed a
linear mixed effects model over the log-transformed fixation probabilities
on targets from 442 ms before to 200 ms after the target noun onset. To
meet the statistical assumption that the dependent variable has an
unbounded range, we used the log-transformed fixation probabilities as the
dependent variable (Barr, 2008). The analysis window was set considering
a latency of 200 ms for eye movement planning (Matin et al., 1993), and
the duration of the verb and the determiner (642 ms). The eye movements
during this time window would capture prediction using semantic
information of the verb before encountering the noun. For the fixed effects,
the model included contrast coded verb type (neutral verb coded as -0.5 vs.

biasing verb coded as 0.5), sentence type (simple sentence coded as -0.5
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vs. complex sentence coded as 0.5), and an interaction between verb type
and sentence type. For the random effects, the model included random
intercepts for participants and items, and verb type as a by-participant
random slope. The final model did not include a by-item random slope for
verb type because the model with it did not converge (see the summarized
results of the final model in table 2). In support of the fixation differences
between the two verb conditions as shown in Figure 2, L2 participants’
anticipatory fixations onto the targets were significantly influenced by
verb type (b =0.55, SE =0.14, t =3.96, p < .001). Participants showed
more anticipatory fixations onto the targets as soon as they heard the
biasing verb rather than the neutral verb (mean fixation proportions to
targets: 0.32 for the simple sentence condition and 0.28 for the complex

sentence condition).

< Table 2 around here >

However, there was neither a main effect of sentence type nor an
interaction between sentence type and verb type. This may be because the
time window collapsed over for the analysis was so wide that potential
differences between the two sentence conditions may have been obscured.

We therefore conducted a time-course analysis following previous work

26



Influence of syntactic complexity on L2 prediction

(Borovsky et al., 2012; Ellis et al., 2015; Ito et al., 2018). A separate
model for each sentence condition was run for every 40 ms bin from
442ms before to 500 ms after the target noun onset. The model included
the fixed factor of verb type, random intercepts for participants and items,
and verb type as a by-participant random slope. Since this type of time-
course analysis can increase the likelihood of Type I errors, researchers
have been conservative when reporting results (Baayen, Davidson, &
Bates, 2008). They typically report results showing consistent reliability
with the absolute t-value exceeding 2 over multiple bins (e.g., more than
three to five consecutive bins). Significance of the time-course analysis is
shown on the top of the graphs in Figure 2. A solid circle (¢) indicates
significant differences in fixations on the targets between the two verb
conditions in each time bin (J¢[s > 2). Results of this analysis showed that
prediction effects consistently appeared from 82 ms before the target noun
onset in the simple sentence condition, but they appeared from 78 ms post

target noun onset onwards in the complex sentence condition.

Discussion

This study investigated the influence of syntactic complexity on predictive

eye movements in L2 speakers. In a visual world eye-tracking experiment,
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half of the participants listened to simple sentences and the other half
listened to complex sentences. For each sentence condition, half of the
sentences contained semantically biasing verbs and the other half
contained semantically neutral verbs. The results showed that L2 listeners
made more anticipatory looks to the target object (e.g., present) upon
hearing the biasing verbs (e.g., open) than the neutral verbs (e.g., get)
regardless of sentence type. However, participants who listened to the
complex sentences showed prediction effects somewhat later than those
who listened to the simple sentences. Taken these findings together, L2
speakers are able to make use of semantic information to predict during
complex sentence processing as well as simple sentence processing, but
syntactic complexity may delay L2 prediction.

The semantic prediction effect during simple sentence processing
is consistent with previous findings. Similar to L2 participants in
Chambers and Cooke (2009), and Dijkgraaf et al. (2017), L2 speakers in
this study showed prediction effects. It has been consistently reported that
L2 speakers generate predictions while processing syntactically simple
sentences (e.g., SVO sentences) when semantic information of the verb is
manipulated. As proposed by Ito et al. (2018), this may be because such
semantic information is a type of predictive cue that can be used by L2
speakers with relative ease. Computing syntactically simple sentences is

not that resource-expensive, and therefore L2 speakers seem to be able to
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allocate resources for predictive processing. In short, L.2 speakers may
have enough resources for prediction during simple sentence processing
particularly when semantic cues, which can be relatively easy to use, are
provided.

In addition, L2 participants who processed the complex sentences
in this study showed anticipatory looks to the target object before the noun
could have been processed. That is, L2 speakers’ predictive abilities
during complex sentence processing were reaffirmed by this study in
which L2 speakers were encouraged to fully parse sentences by the
comprehension questions. The L2 prediction effect during complex
sentence processing is therefore not likely to be due to incomplete or local
parsing. The significant correlation between participants’ comprehension
answers and attachment interpretations in the behavioral task supports the
idea that participants parsed the ambiguous RCs using their attachment
bias. This finding is rather surprising given the processing difficulty that
Chinese learners of English would experience when comprehending the
complex sentences used in this study. Object-modifying RCs, used in the
complex sentence condition, have been shown to be processed more
slowly than subject-modifying RCs regardless of extraction type (Gibson
et al., 2005) and L1 word order has been found to negatively influence L2
sentence processing when the word order is different between the two

languages (i.e., a negative L1 transfer effect on L2 word order processing,
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Erdocia & Laka, 2018). Participants’ L1, Chinese, has the opposite word
order (e.g., RC NP1 NP2) from their L2, English (e.g., NP1 NP2 RC), and
thus the Chinese learners of English who participated in this study may
have experienced more processing difficulties than other L2 speakers
whose L1 has the same word order as English.

L2 processing itself requires many resources, so predictive
processing in L2 could be hindered by the cognitive load imposed by
syntactic complexity if resources were depleted by ongoing complex
linguistic computations (Mitsugi & MacWhinney, 2016). However, our
findings suggest that proficient L2 speakers may have enough resources to
make predictions even while they process syntactically complex sentences,
at least the ones with object-modifying and subject-extracted RCs used in
this study and in Chun and Kaan (2019). L2 participants in Chun and
Kaan’s (2019) study were Chinese learners of English who were immersed
in an English-speaking country and L2 speakers in this study were
Chinese learners of English in Hong Kong who use English as their
official language on a daily basis. L2 speakers in these two studies not
only showed similar levels of English proficiency, but they were both
immersed in English-speaking environments. That is, they may have
enough linguistic knowledge and cognitive resources to make predictions

during online computations of complex sentences.
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Though semantic prediction was observed regardless of sentence
type, the time-course analysis revealed evidence for prediction during
complex sentence processing somewhat later than during simple sentence
processing. This finding suggests that cognitive load increased by
syntactic complexity may delay predictive processing. As more resources
are needed for ongoing computations of complex sentences, fewer
resources could be available for predictive processing. This result is
therefore compatible with Ito et al.’s (2018) findings that cognitive load
delays prediction.

It should also be noted that the results of this study need to be
interpreted considering the experimental manipulation. Compared to the
visual displays in prior L2 research, the displays in this study were
relatively complex. Previously, the visual scenes depicted four objects,
one in each quadrant whereas those in this study depicted two agents and
three potential themes in a semi realistic background. This visual context
can be considered rather complex as a single verb has been found to
activate its typical agents and patients (Kukona et al., 2011), and two
agents in the visual display were equally possible for the agent of the verb
(the main verb in the simple sentences and the verb embedded in the RCs).
Taking into consideration its complexity, the visual display in this study
was presented for two seconds (Huettig et al., 2011). In addition,

participants listened to slow to normal rate of speech. These experimental
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settings may have enabled participants to fully perceive the visual scenes
and process linguistic input to the extent that they could make predictive
eye movements towards upcoming objects by integrating linguistic
information with the visual scenes. Given recent findings that the speech
rate and the preview time for visual displays can influence prediction in
L1 comprehension (Huettig & Guerra, 2019), it is possible that predictive
eye movements are less likely when L2 comprehenders are given less
preview time and/or listen to faster speech. As these are other factors in
the linguistic environment which can increase cognitive load during L2
comprehension, it is worth investigating the influence of these factors on
L2 prediction.

Finally, this study used the same materials as those in Chun &
Kaan (2019) for the complex sentence condition to compare the results
between the two studies. Chun and Kaan tried to increase cognitive load
during complex sentence processing using sentences containing object-
modifying RCs with complex noun phrases. In fact, these sentences are
not only syntactically complex but they are also globally ambiguous. The
ambiguity driven from the syntactic structure may additionally increase
cognitive load. Therefore, participants in the complex sentence condition
may have dealt with syntactic complexity coupled with ambiguity. Their
delayed prediction effect could be attributable to these factors possibly

working together.
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In conclusion, we reported findings from a visual world eye-
tracking experiment that investigated the influence of syntactic complexity
on L2 prediction. We particularly focused on syntactic complexity because
it seems to be one of the most commonly encountered challenges in L2
comprehension. L2 speakers often show processing difficulty for
syntactically complex sentences. Thus, we expected syntactic complexity
to increase cognitive load during sentence processing and in turn influence
prediction. The results of this study showed that L2 speakers made
predictions on the basis of semantic information while processing complex
sentences as well as simple sentences. However, their predictions were
somewhat delayed during complex sentence processing. That is, L2
speakers were able to use semantic cues to predict even under increased
cognitive load imposed by syntactically more complex sentences. Yet,
prediction was affected by syntactic complexity as we observed some
delay in prediction during complex sentence processing. These findings
suggest that prediction is resource-constrained and thus L2 speakers’
engagement in prediction is mediated by factors such as syntactic
complexity that can influence cognitive load during sentence processing.
So, it is possible that L.2 speakers do not make predictions when
comprehending much more syntactically complex sentences than those
used in this study (e.g., ones containing embedded object-modifying and

object-extracted RCs; The fact that the president ignored the reporter who
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the senator attacked on Tuesday bothered the editor, from Gibson et al.,
2005). We call for future studies that investigate how prediction can be
modulated by syntactic complexity of different complex constructions.
This line of research would not only provide insights into predictive
mechanisms but also help us understand why L2 speakers experience more
difficulties in learning some syntactic structures than others if prediction

mechanisms are indeed related to language learning.

34



Influence of syntactic complexity on L2 prediction

References

Altmann, G. T. M., & Kamide, Y. (1999). Incremental interpretation at
verbs: Restricting the domain of subsequent reference. Cognition,
73(3), 247-264. https://doi.org/10.1016/S0010-0277(99)00059-1

Altmann, G. T. M., & Mirkovi¢, J. (2009). Incrementality and prediction
in human sentence processing. Cognitive Science, 33(4), 583—609.
https://doi.org/10.1111/5.1551-6709.2009.01022.x

Arai, M., & Keller, F. (2013). The use of verb-specific information for
prediction in sentence processing. Language and Cognitive Processes,
28(4), 525-560. https://doi.org/10.1080/01690965.2012.658072

Baayen R.H., Davidson D.J., & Bates D.M. (2008). Mixed-effects
modeling with crossed random effects for subjects and items. Journal
of Memory and Language, 59(4), 390—412.

Bates, D., Méchler, M., Bolker, B. M., & Walker, S. C. (2015). Fitting
linear mixed-effects models using lme4. Journal of Statistical

Software, 67(1), 1-48. https://doi.org/10.18637/jss.v067.101

35


https://doi.org/10.18637/jss.v067.i01

Influence of syntactic complexity on L2 prediction

Boersma, P., & Weenink, D. (2016). Praat: doing phonetics by computer
[Computer program]. Version 6.0.17. Available at

<http://www.praat.org> (22 Apr, 2016).

Borovsky, A., Elman, J. L., & Fernald, A. (2012). Knowing a lot for one’s
age: Vocabulary skill and not age is associated with anticipatory
incremental sentence interpretation in children and adults. Journal
of Experimental Child Psychology, 112(4), 417-436.
https://doi.org/10.1016/j.jecp.2012.01.005
Brouwer, S., Ozkan, D., & Kiintay, A. C. (2017). Semantic prediction in
monolingual and bilingual children. In E. Blom, L. Cornips, & J.
Schaefter (Eds.). Cross-linguistic influence in bilingualism (pp. 49-
74). John Benjamins. https://doi.org/10.1075/sibil.52.04bro

Chambers, C. G., & Cooke, H. (2009). Lexical competition during second-
language listening: Sentence context, but not proficiency, constrains
interference from the native lexicon. Journal of Experimental
Psychology: Learning Memory and Cognition, 35(4). 1029-1040.
https://doi.org/10.1037/a0015901

Chang, F., Dell, G. S., & Bock, K. (2006). Becoming syntactic.
Psychological Review, 113(2), 234-272.
https://doi.org/10.1037/0033-295X.113.2.234

Chang, F., Janciauskas, M., & Fitz, H. (2012). Language adaptation and

learning: Getting explicit about implicit learning. Linguistics and

36



Influence of syntactic complexity on L2 prediction

Language Compass, 6(5), 259-278. https://doi.org/10.1002/Inc3.337
Chow, W. Y., Lau, E., Wang, S., & Phillips, C. (2018). Wait a second!
delayed impact of argument roles on on-line verb prediction.

Language, Cognition and Neuroscience, 33(7). 803-828.

https://doi.org/10.1080/23273798.2018.1427878

Chow, W. Y., Momma, S., Smith, C., Lau, E., & Phillips, C. (2016).
Prediction as memory retrieval: timing and mechanisms. Language,
Cognition and Neuroscience, 31(5), 617-627.
https://doi.org/10.1080/23273798.2016.1160135

Chun, E., & Kaan, E. (2019). L2 Prediction during complex sentence
processing. Journal of Cultural Cognitive Science, 3(2), 203-216.
https://doi.org/10.1007/s41809-019-00038-0

Clark, A. (2013). Whatever next? Predictive brains, situated agents, and
the future of cognitive science. Behavioral and Brain Sciences, 36(3),
181-204. https://doi.org/10.1017/S0140525X12000477

DeLong, K. A., Urbach, T. P., & Kutas, M. (2005). Probabilistic word pre-
activation during language comprehension inferred from electrical
brain activity. Nature Neuroscience, 8(8), 1117-1121.
https://doi.org/10.1038/nn1504

Dijkgraaf, A., Hartsuiker, R. J., & Duyck, W. (2017). Predicting upcoming
information in native-language and non-native-language auditory

word recognition. Bilingualism, 20(5), 917-930.

37


https://doi.org/10.1080/23273798.2018.1427878

Influence of syntactic complexity on L2 prediction

https://doi.org/10.1017/S1366728916000547

Dijkgraaf, A., Hartsuiker, R. J., & Duyck, W. (2019). Prediction and
integration of semantics during L2 and L1 listening. Language,
Cognition and Neuroscience, 34(7), 881-900.
https://doi.org/10.1080/23273798.2019.1591469

Dussias, P. E., & Pinar, P. (2010). Effects of reading span and plausibility
in the reanalysis of wh-gaps by Chinese-English second language
speakers. Second Language Research, 26(4), 443-472.
https://doi.org/10.1177/0267658310373326

Dussias, P. E., Valdés Kroff, J. R., Guzzardo Tamargo, R. E., & Gerfen, C.
(2013). When gender and looking go hand in hand. Studies in Second
Language Acquisition, 35(2), 353-387.
https://doi.org/10.1017/S0272263112000915

Ellis, E. M., Borovsky, A., Elman, J. L., & Evans, J. L. (2015). Novel
word learning: An eye-tracking study. Are 18-month-old late talkers
really different from their typical peers? Journal of Communication
Disorders, 58, 143—-157.
https://doi.org/10.1016/j.jcomdis.2015.06.011

Erdocia, K., & Laka, 1. (2018). Negative transfer effects on L2 word order
processing. Frontiers in Psychology, 9, 337.

https://doi.org/10.3389/fpsyg.2018.00337

38



Influence of syntactic complexity on L2 prediction

Federmeier, K. D. (2007). Thinking ahead: The role and roots of
prediction in language comprehension. Psychophysiology, 44(4),
491-505. https://doi.org/10.1111/j.1469-8986.2007.00531.x

Federmeier, K. D., McLennan, D. B., de Ochoa, E., & Kutas, M. (2002).

The impact of semantic memory organization and sentence context
information on spoken language processing by younger and older
adults: An ERP study. Psychophysiology, 39(2), 133-146.
https://doi.org/10.1017/S0048577202001373

Foucart, A., Martin, C. D., Moreno, E. M., & Costa, A. (2014). Can

bilinguals see it coming? Word anticipation in L2 sentence reading.
Journal of Experimental Psychology: Learning Memory and
Cognition, 40(5), 1461-1469. https://doi.org/10.1037/a0036756
Griiter, T., Lew-Williams, C., & Fernald, A. (2012). Grammatical gender
in L2: A production or a real-time processing problem? Second
Language Research, 28(2), 191-215.
https://doi.org/10.1177/0267658312437990

Griiter, T., Rohde, H., & Schafer, A. J. (2014). The role of discourse-level

expectations in non-native speakers’ referential choices. In Will
Orman & Matthew J. Valleau (Eds.), Proceedings of the Annual
Boston University Conference on Language Development. (Vol. 1, pp.
179-191). Somerville, MA: Cascadilla Press.

Huettig, F., & Guerra, E. (2019). Effects of speech rate, preview time of

39



Influence of syntactic complexity on L2 prediction

visual context, and participant instructions reveal strong limits on
prediction in language processing. Brain Research, 1706, 196-208.
https://doi.org/10.1016/j.brainres.2018.11.013

Huettig, F., & Janse, E. (2016). Individual differences in working memory
and processing speed predict anticipatory spoken language
processing in the visual world. Language, Cognition and
Neuroscience, 31(1), 80-93.
https://doi.org/10.1080/23273798.2015.1047459

Huettig, F., Rommers, J., & Meyer, A. S. (2011). Using the visual world
paradigm to study language processing: A review and critical
evaluation. Acta Psychologica, 137(2), 151-171.
https://doi.org/10.1016/j.actpsy.2010.11.003

Ito, A., Corley, M., & Pickering, M. J. (2018). A cognitive load delays
predictive eye movements similarly during L1 and L2 comprehension.
Bilingualism, 21(2), 251-264.
https://doi.org/10.1017/S1366728917000050

Ito, K., & Speer, S. R. (2008). Anticipatory effects of intonation: Eye
movements during instructed visual search. Journal of Memory and
Language, 58(2), 541-573. https://doi.org/10.1016/j.jm1.2007.06.013

Kamide, Y., Altmann, G. T. M., & Haywood, S. L. (2003). The time-
course of prediction in incremental sentence processing: Evidence

from anticipatory eye movements. Journal of Memory and Language,

40



Influence of syntactic complexity on L2 prediction

49(1), 133-156. https://doi.org/10.1016/S0749-596X(03)00023-8

Kane, M. J., Tuholski, S. W., Hambrick, D. Z., Wilhelm, O., Payne, T. W.,
& Engle, R. W. (2004). The generality of working memory capacity:
A latent-variable approach to verbal and visuospatial memory span
and reasoning. Journal of Experimental Psychology: General, 133(2).
https://doi.org/10.1037/0096-3445.133.2.189

Koehne, J., & Crocker, M. W. (2015). The interplay of cross-situational

word learning and sentence-level constraints. Cognitive Science,
39(5), 849-889. https://doi.org/10.1111/cogs.12178

Kukona, A., Fang, S. Y., Aicher, K. A., Chen, H., & Magnuson, J. S.
(2011). The time course of anticipatory constraint integration.
Cognition, 119(1), 23-42.
https://doi.org/10.1016/j.cognition.2010.12.002

Kuperberg, G. R., & Jaeger, T. F. (2016). What do we mean by prediction
in language comprehension? Language, Cognition and Neuroscience,
31(1), 32-59. https://doi.org/10.1080/23273798.2015.1102299

Lew-Williams, C., & Fernald, A. (2010). Real-time processing of gender-
marked articles by native and non-native Spanish speakers. Journal
of Memory and Language, 63(4), 447-464.
https://doi.org/10.1016/;.ym1.2010.07.003

Marslen-Wilson, W. (1973). Linguistic structure and speech shadowing at

very short latencies. Nature, 244(5417), 522-523.

41



Influence of syntactic complexity on L2 prediction

https://doi.org/10.1038/244522a0

Martin, C. D., Thierry, G., Kuipers, J. R., Boutonnet, B., Foucart, A., &
Costa, A. (2013). Bilinguals reading in their second language do not
predict upcoming words as native readers do. Journal of Memory and
Language, 69(4), 574-588. https://doi.org/10.1016/j.jm1.2013.08.001

Matin, E., Shao, K. C., & Boff, K. R. (1993). Saccadic overhead:
Information-processing time with and without saccades. Perception
& Psychophysics, 53(4), 372-380.

https://doi.org/10.3758/BF03206780

Michigan English Language Institute. (2001). Michigan English Language
Institute College English Test. Ann Arbor, MI: Michigan English
Language Institute

Mitsugi, S., & MacWhinney, B. (2016). The use of case marking for
predictive processing in second language Japanese. Bilingualism:
Language and Cognition, 19(1), 19-35.
https://doi.org/10.1017/S1366728914000881

Nakamura, C., Arai, M., & Mazuka, R. (2012). Immediate use of prosody
and context in predicting a syntactic structure. Cognition, 125(2),
317-323. https://doi.org/10.1016/j.cognition.2012.07.016

Nieuwland, M. S., Politzer-Ahles, S., Heyselaar, E., Segaert, K., Darley,
E., Kazanina, N., Von Grebmer Zu Wolfsthurn, S., Bartolozzi, F.,

Kogan, V., Ito, A., Méziere, D., Barr, D. J., Rousselet, G. A.,

42


https://doi.org/10.3758/BF03206780

Influence of syntactic complexity on L2 prediction

Ferguson, H. J., Busch-Moreno, S., Fu, X., Tuomainen, J., Kulakova,
E., Husband, E. M., ... Huettig, F. (2018). Large-scale replication
study reveals a limit on probabilistic prediction in language
comprehension. ELife, 7, e33468.
https://doi.org/10.7554/eLife.33468

Otten, M., Nieuwland, M. S., & Van Berkum, J. J. A. (2007). Great
expectations: Specific lexical anticipation influences the processing
of spoken language. BMC Neuroscience, 8(1), 89-98.
https://doi.org/10.1186/1471-2202-8-89

Otten, M., & Van Berkum, J. J. A. (2009). Does working memory capacity
affect the ability to predict upcoming words in discourse? Brain
Research, 1291, 92—-101.
https://doi.org/10.1016/j.brainres.2009.07.042

Perdomo, M., & Kaan, E. (2019). Prosodic cues in second-language
speech processing: A visual world eye-tracking study. Second
Language Research. Advance online publication.
https://doi.org/10.1177/0267658319879196

Pickering, M. J., & Gambi, C. (2018). Predicting while comprehending
language: A theory and review. Psychological Bulletin, 144(10),
1002—1044. https://doi.org/10.1037/bul0000158

Pickering, M. J., & Garrod, S. (2013). An integrated theory of language

production and comprehension. Behavioral and Brain Sciences, 36(4),

43



Influence of syntactic complexity on L2 prediction

329-347. https://doi.org/10.1017/S0140525X12001495
Porretta, V., Kyroldinen, A., van Rij, J., & Jarvikivi, J. (2017). VWPre:
tools for preprocessing visual world data. R package version, 1.2.3
R Core Team. (2016). R: A language and environment for statistical
computing. Foundation for Statistical Computing, Vienna, Austria.

Available at <https://www.r-project.org> (15 March, 2020).

Segalowitz, N., & Hulstijn, J. (2005). Automaticity in bilingualism and
second language learning. In J. F. Kroll & A. M. B. De Groot
(Eds.), Handbook of bilingualism: Psycholinguistic approaches
(pp- 371-388). New York: Oxford University Press.
Shipley, W. C. (1940). A self-administering scale for measuring
intellectual impairment and deterioration. Journal of Psychology:
Interdisciplinary and Applied, 9(2), 371-377.

https://doi.org/10.1080/00223980.1940.9917704

University of Michigan. (2001). Michigan English Language Institute
College English Test: Grammar, cloze, vocabulary, reading. Ann
Arbor, MI: University of Michigan.

van Bergen, G., & Flecken, M. (2017). Putting things in new places:
Linguistic experience modulates the predictive power of placement
verb semantics. Journal of Memory and Language, 92, 26-42.
https://doi.org/10.1016/;.jm1.2016.05.003

Zhou, H., Rossi, S., & Chen, B. (2017). Effects of working memory

44


https://www.r-project.org/
https://doi.org/10.1080/00223980.1940.9917704

Influence of syntactic complexity on L2 prediction

capacity and tasks in processing L2 complex sentence: Evidence

from Chinese-english bilinguals. Frontiers in Psychology, 8, 595.

https://doi.org/10.3389/fpsyg.2017.00595

45



Influence of syntactic complexity on L2 prediction

Table 1. Participant information

Simple sentence condition Complex sentence condition

Age M: 24.24 (SD: 2.09) M: 24.48 (SD: 2.35)
IELTS M: 6.56 (SD: 0.17) M: 6.60 (SD: 0.25)

Shipley Vocabulary Test M: 21.32 (SD: 3.68) M: 19.56 (SD: 3.37)
MELICET Grammar M: 30.32 (SD: 6.14) M: 29.52 (SD: 6.17)
Reading Span M: 29.00 (SD: 7.75) M: 29.24 (SD: 6.81)
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Table 2. Summary of the mixed effects model as a function of verb type

(Verb) and sentence type (Sentence).

b SE t p
Intercept -1.38 0.15 -8.91 <0.001
Sentence -0.08 0.20 -0.38 0.70
Verb 0.55 0.14 3.96 <0.001
Sentence: Verb -0.15 0.20 -0.74 0.46
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Figure 1. An example visual display
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Figure 2. Mean fixation proportions to the target objects in the two verb
conditions (biasing vs. neutral) in the simple sentence condition (top panel)
and in the complex sentence condition (bottom panel). Error-band: 95%
bootstrapped confidence intervals. A solid circle (¢): significant

differences in fixations on the targets between the two verb conditions in

each time bin ([t[s > 2).
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