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Prediction is an important mechanism for efficient language processing. It has been
shown that as a part of sentence processing, both children and adults predict
nouns based on semantically constraining verbs. Language proficiency is said to
modulate prediction: the higher proficiency, the better the predictive skill. Children
growing up acquiring two languages are often more proficient in one of them, and
as such, investigation of the predictive ability in young bilingual children can shed
light on the role of language proficiency. Furthermore, according to production-based
models, the language production system drives the predictive ability. The present
study investigates whether bilingual toddlers predict upcoming nouns based on verb
meanings in both their languages, and whether this ability is associated with expressive
vocabulary. Seventeen Norwegian-English bilingual toddlers (aged 2;5-3;3), dominant
in Norwegian, participated in the study. Verb-mediated predictive ability was measured
via a visual world paradigm (VWP) experiment, including sentences with semantically
constraining and neutral verbs. Expressive vocabulary was measured by MacArthur-
Bates CDI IIl. The results suggested that the toddler group predicted upcoming noun
arguments in both their dominant and non-dominant languages, but were faster in their
dominant language. This finding highlights the importance of language dominance for
predictive processing. There was no significant relationship between predictive ability
and expressive vocabulary in either language.

Keywords: semantic prediction, sentence processing, visual world paradigm (VWP), eye-tracking, bilinguals,
toddlers, children

INTRODUCTION

One of the reasons why auditory language processing is so efficient is linguistic prediction, which
implies pre-activation of linguistic input before it has been uttered (Huettig, 2015; Karaca et al,,
2021). A growing body of research has shown that both children (Borovsky et al., 2012; Mani
and Huettig, 2012; Mani et al., 2016) and adults predict upcoming linguistic input during auditory
language comprehension (Altmann and Kamide, 1999; Hintz et al., 2017; Ito et al., 2017). Karaca
et al. (2021) suggest that language proficiency facilitates prediction, while Mani and Huettig
(2012) argue that the predictive ability is connected to language production and, as such, to
expressive vocabulary.

Children growing up acquiring two languages can possibly have a substantial variance in
proficiency between these languages. In addition, they can have highly different expressive
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vocabulary sizes in the two languages (Conboy and Thal, 2006).
Hence, investigation of language prediction in children who
acquire more than one language could potentially shed more
light on the factors contributing to its development. Studies
investigating prediction in language comprehension in bilingual
children are few (Brouwer et al., 2017; Lemmerth and Hopp,
2019; Meir et al., 2020), and to the best of our knowledge, no
studies have focused on this ability in bilingual toddlers.

In their seminal work, Altmann and Kamide (1999)
discovered that monolingual English-speaking adults looked
toward a specific object faster when they were given a verbal
cue to which object would be mentioned. In their visual world
paradigm (VWP) experiment, the adult participants listened
to audio stimuli consisting of sentences such as The boy will
eat/move the cake, while they looked at visual stimuli depicting
different objects where one was the target. For example, with
respect to the aforementioned sentence: a boy, a cake, a ball, a
toy train, and a toy car. While all of the objects depicted were
movable, only the cake was edible. The researchers found that
the participants’ gaze moved toward the cake faster upon hearing
the semantically constraining verb eat than the more semantically
neutral verb move. These findings were in favor of the hypothesis
that adults predict nouns based on the semantic relationship
between verbs and nouns; the adults in this study predicted
upcoming nouns based on the semantic restrictions of verbs.

Previous studies also provide ample evidence for presence
of predictive processing in monolingual children as young as
2 years old. Mani and Huettig (2012) employed the VWP
to investigate whether monolingual German-speaking toddlers
could use semantic cues represented by verb meanings to predict
upcoming nouns. The toddlers listened to sentences such as The
boy eats/sees the big cake, while looking at a screen with two
pictures, where only one object was edible. The toddlers made
predictive eye movements upon hearing semantically restrictive
verbs (e.g., eat), but not when hearing non-restrictive verbs (e.g.,
see). Similarly, Borovsky et al. (2012) found that monolingual
English-speaking children aged 3-10 years predict nouns based
on verbs as well as sentential theme. The children were presented
with four pictures (e.g., a treasure, a ship, a bone, and a cat), while
hearing sentences such as The pirate hides the treasure or The
dog hides the bone. In addition to semantic cues, there are other
available cues to pre-activate upcoming linguistic input, such as
prosodic, phonological, and morphosyntactic cues. An example
of a morphosyntactic cue is grammatical gender, which can be
used already by young children to predict upcoming nouns. Lew-
Williams and Fernald (2007) showed that already by the age of
3, Spanish-speaking monolinguals identified target objects faster
based on the gender-marked articles (el/la). The children heard
sentences such as Encuentra la pelota ‘Find thepgy ball, and
saw two pictures of objects that were either both feminine or
of differing grammatical gender. The children found the object
faster in the different-gender trials, suggesting that they used the
gender-marked article as a cue.

The use of gender-marked articles to predict upcoming nouns
has also been studied in adult bilinguals and L2 learners. The
results are conflicting. Lew-Williams and Fernald (2010) used
the same VWP study as with the 3-year-old described above,

to investigate if adult English-speaking L2 learners of Spanish
had the ability to predict based on the articles in Spanish. The
adult L2-learners in this study did not predict based on gender-
marked articles. In a study with the same design as Lew-Williams
and Fernald (2010), but with more experienced L2 speakers of
Spanish, Griiter et al. (2012) found that the L2 speakers used
the gender marked article to predict familiar nouns. However,
the L2 speakers were less efficient in their use of the predictive
cue compared to native speakers of Spanish. Surprisingly, the
L2 learners were better at using the gender marked article to
predict novel nouns than they were with familiar nouns. In
another study on adult English-speaking L2 learners of Spanish,
Dussias et al. (2013) found that more experienced L2 learners
predicted based on grammatical gender, whereas those with less
experience did not.

Investigations on adult bilingual’s ability to predict have
looked at not only morphosyntactic cues, but also semantic cues.
For instance, Dijkgraaf et al. (2017) used the VWP to investigate
late bilingual adults’ ability to predict upcoming nouns based
on the semantic relationship between verbs and nouns. Dutch-
English bilinguals (with dominance in Dutch) and a control
group of English monolinguals heard sentences such as Mary
knits/loses a scarf, while looking at a screen depicting four
objects where all could be lost, but only one was knittable.
Dijkgraaf et al. (2017) argue that it is important to test bilinguals’
predictive ability in both languages, due to individual differences
connected to this ability, such as proficiency and vocabulary
sizes. The researchers found that the bilinguals predicted based
on semantic cues in both languages, but slower than the
monolinguals (prediction effects reached significance 100 ms
later in both languages). In a more recent study, Dijkgraaf et al.
(2019) investigated Dutch-English bilinguals’ ability to predict
upcoming semantic information in both their languages. The
bilinguals saw four pictures, where three were distractor pictures
and the fourth was either the target picture or a semantically
related competitor. For instance, when the bilinguals heard the
sentence Her baby doesn’t like to drink from a bottle, the target
picture was a bottle, but in the semantically related trial it was
a picture of a glass. The researchers found that the bilinguals
predicted the semantics of target words in both conditions
and in both languages. However, the prediction effect size was
larger in the L1 than in the L2. Hopp (2015) investigated
whether adult English L2 learners of German make predictions
based on morphosyntactic cues (i.e., case marking) and verb
semantics. The results showed that the bilinguals did not use
morphosyntactic cues to predict, but they did use semantic cues.

Bilinguals are seldom completely balanced between their
languages, neither in use nor in proficiency (Grosjean, 1989).
Karaca et al. (2021) postulate that language proficiency modulates
predictive processing: More proficient monolingual children
and L2 learners are more likely to predict during sentence
comprehension. Furthermore, based on previous studies on the
predictive ability in monolingual children and adult L2 leaners,
the researchers argue that language proficiency modulates the
predictive ability in both L2 and L1. Similarly, Kaan (2014)
argues that language users’ lexical representations, specifically the
quality of these representations, affects the ability to predict.
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The researcher defines the quality of lexical representations as
stability and accuracy of the language users’ knowledge of it—its
form, meaning, and use. Thus, lexical representations of higher
quality have fewer lexical competitors and will be activated and
chosen faster and/or more accurately during language processing.
Further, Kaan (2014) argues that through exposure to a specific
language, one learns to associate certain linguistic elements with
each other, and one stores the frequency of how often specific
linguistic information occurs in the same context. Bilinguals
are intriguing in this respect: with exposure divided between
two languages, both linguistic representations and associations
between them might be weaker, potentially affecting the ability
to predict upcoming linguistic elements (Kaan, 2014). She
further argues that although predictive processing in an L2 is
similar to that in LI, it might be affected by less language
exposure. Similarly, the weaker links hypothesis (Gollan et al,
2008) postulates that since bilinguals divide their time between
two languages, they have weaker links between semantics and
phonology in both languages compared to monolingual peers.
These weaker links could result in a reduced ability to predict.
From these assumptions, one would expect individual variation
between bilinguals, depending on their exposure, proficiency, and
use of each of their languages. Thus, increased language exposure
and use and a higher proficiency could lead to more efficient
predictive processing.

The studies described above investigated the predictive ability
in adults speaking more than one language. To date, there are
few studies devoted to predictive processing in bilingual children,
especially of children younger than 3 years old. Lemmerth and
Hopp (2019) tested whether bilingual Russian-German 8- and
9-year-old could predict upcoming nouns based on gender-
marked articles (der/die/das) in German, and compared them
to monolingual German children (also aged 8-9 years). The
study included both simultaneous bilinguals, who acquired two
languages from birth, and sequential bilinguals, who acquired
or one from birth and another later on, The children heard
sentences such as Wo ist der/die/das gelbe [N]? ‘Where is
thepmasc/rem/NeuT yellow [N]?) while looking at pictures of
four objects, of which only one had the grammatical gender
mentioned in the sentence. The researchers found that the
simultaneous bilingual children could use gender information
to predict regardless of gender congruency, while the successive
bilingual children would only predict when there was gender
congruency between the two languages. Meir et al. (2020)
investigated whether Russian-Hebrew bilingual children (4-
8 years old) had the ability to predict upcoming nouns based on
case-marking cues, and compared them to monolingual Russian
children (aged 3-6 years) and Hebrew children (aged 4-8 years).
The children looked at pictures, for example of a cabbage, a bunny
and a fox. The researchers found that the bilingual children
predicted based on case markers in Russian, as they looked
at the agent (e.g., the fox) of the sentence upon hearing the
accusative-marked NP (e.g., the bunny). However, they were
slower than the monolingual Russian children. At the same time,
the bilinguals used the case markers to predict also in Hebrew,
whereas monolingual Hebrew children did not—as case-marking
cues are assumed to be weighted lower than word order in

Hebrew. Brouwer et al. (2017) tested the predictive ability based
on semantic cues, employing the VWP, in Dutch monolingual
and bilingual 4- and 5-year-old. The bilinguals spoke a variety of
languages in addition to Dutch, but were only tested in Dutch. Of
the bilinguals, 85% had learned Dutch before or around their first
birthday, and their proficiency in Dutch was ranked as high. The
children heard sentences such as The boy eats/sees the big cake
while being presented with visual stimuli depicting two objects,
where only one was edible. Brouwer et al. (2017) found that
all the children (4- and 5-year-old monolinguals and bilinguals)
predicted upcoming noun arguments based on the semantics of
verbs. The researchers also found that the 4-year-old bilinguals
predicted faster than their monolingual peers.

Although the number of studies on factors mediating
predictive linguistic processing in bilingual children is relatively
sparse, there are theories attempting to account for mediating
factors of this ability for children and adults. According to
production-based models, it is the production system that drives
this ability (Pickering and Garrod, 2013; Pickering and Gambi,
2018). The foundational assumption of this theory is that the
comprehension and the production systems are interwoven,
allowing us to covertly imitate the speaker’s production and
predict their next word (Pickering and Garrod, 2013). Huettig
(2015) sees production as an underlying mechanism for the
predictive ability, and argues that in predictive processing we use
“fully specified production representations” (p. 125).

Several studies have indeed shown a link between production
(expressive vocabulary) and prediction. For instance, in a study
by Ito et al. (2017), for half of the trials in a VWP experiment,
the researchers asked the participants to just listen to audio
stimuli, and for the other half they asked them to listen and
shadow (i.e., repeat the sentence back as fast as they could).
The researchers found that predictive eye movements happened
earlier during the shadow tasks than during the listen tasks.
They concluded that the study supports the hypothesis that
production facilitates prediction. The link between production
and predictive processing has also been found in studies
with monolingual toddlers. For instance, Mani and Huettig
(2012) showed that monolingual toddlers with larger expressive
vocabularies (i.e, from 225 words) showed predictive eye
movements suggesting that they were able to employ semantic
cues for predictive processing. At the same time, the toddlers
with smaller expressive vocabularies (i.e., fewer than 225 words)
did not show predictive eye movements. Similarly, Mani et al.
(2016) found that monolingual toddlers with larger expressive
vocabularies had significantly more looks to the target picture
during the predictive window, compared to children with smaller
expressive vocabularies.

More studies investigating the predictive ability in bilingual
children could help shed light on the role of proficiency and
exposure to the languages in question. Compared to their
monolingual peers, simultaneous bilinguals typically have larger
total vocabularies (i.e., total sum of words known from all
languages), comparable conceptual vocabularies (i.e., concepts
that they have a word for in either one or both languages),
and smaller language-specific vocabularies (Pearson et al., 1993;
De Houwer et al, 2014). It is well-established that early
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grammatical development depends on lexical development (Bates
and Goodman, 2001; Devescovi et al., 2005), a connection that
holds within each language for bilinguals (Conboy and Thal,
2006). At the same time, studies of cross-linguistic influence
point toward cognitive permeability between languages for
simultaneous bilinguals (Dopke, 2001; Hulk, 2001), meaning that
the processing of input in one language can indeed influence
the acquisition of the other, as long as there is structural
overlap between them. The Unified Model (MacWhinney,
2008, 2012) postulates that words that appear together, for
example, verbs and nouns that often occur together, map on
to each other. Words acquired in a non-dominant language
may benefit from mappings made in the dominant language.
Furthermore, according to the Unified Model, there is extensive
transfer of knowledge from the dominant to the non-dominant
language. Thus, an intriguing question is whether bilingual
children’s predictive ability relies on within-language vocabulary,
as grammatical development in general, or the vocabulary in the
strongest language, if predictive abilities in the non-dominant
language comes as a result of cross-linguistic influence.

Simultaneously bilingual children are interesting for another
reason: while we see great variability in the lexical development
of monolingual children, there is reason to expect even more
variability among bilinguals. They may be balanced between their
languages or stronger in either, depending on a variety of factors,
including the family language policy and the societal attitudes
toward their languages. Hence, data from simultaneous bilinguals
can potentially illuminate the relationship between prediction
and expressive vocabularies. It is therefore important to look
at both languages of the bilingual children. To date, there have
been no studies investigating predictive ability based on semantic
cues in both languages of bilingual children, and no studies at all
investigating this ability in bilingual toddlers.

The Current Study

In the current study, we investigate verb-mediated prediction in
a group of Norwegian-English bilingual toddlers dominant in
Norwegian, and its relationship with their expressive vocabularies
in both languages. Norwegian and English are structurally
similar languages, with SVO (i.e., Subject-Verb-Object) order,
which makes it possible to investigate verb-mediated prediction
within the same sentence structure across languages. The study
considers the following two research questions:

(1) Do Norwegian-English bilingual toddlers use verb
meanings to predict upcoming noun arguments in
Norwegian and/or English? If they do, is there a difference
in speed of predictive processing between the dominant
(i.e., Norwegian) and non-dominant (i.e., English)
language?

(2) Is the linguistic predictive ability associated with linguistic
production skills, specifically expressive vocabulary?

Based on previous studies, we hypothesized that the group of
Norwegian-English bilingual toddlers: firstly, would predict noun
arguments based on semantically constraining verbs in their
dominant language (i.e., Norwegian). Secondly, we hypothesized

that the toddlers would either not predict in their non-dominant
language (i.e., English) or predict significantly slower compared
to their dominant language.

With regard to the second research question, we hypothesized
that we would find a significant positive association between the
predictive ability in one language and expressive vocabulary size
in the same language. This hypothesis was based on Mani et al.
(2016) reporting the predictive ability to correlate with expressive
vocabulary, and the findings of Conboy and Thal, 2006 indicating
that lexical development in one language primarily leads to better
grammatical abilities in the same language.

In addition to the two main research questions, we had one
exploratory goal. Given that bilingual children acquire words
from two languages at the same time, we explored relationships
between the total vocabulary (i.e., the total sum of words in both
languages) and predictive ability in either language.

MATERIALS AND METHODS

Participants

We recruited 18 simultaneous Norwegian-English bilingual
toddlers for the study. We excluded one participant due
to poor comprehension of the stimuli in the eye-tracking
experiment, leaving us with 17 participants (6 females and
11 males) aged 2;5-3;3 (years;months) (M = 2;8, SD = 0.26).
We recruited the toddlers via personal networks and posts on
social media. To collect information on each toddler’s language
background, their parents filled out an electronic questionnaire
based on the Parent of Bilingual Children Questionnaire (PaBiQ)
(COST Action 150804, 2011; Norwegian version; Hansen and
Simonsen, 2016). We used their responses to calculate the
balance in the children’s language exposure, following Hansen
et al. (2019). According to this calculation, all the toddlers
were dominant in Norwegian. Corroborating this analysis, the
parents of all the toddlers reported that their child felt most at
home in Norwegian.

All the toddlers lived in or close to Oslo, and went to
Norwegian-speaking day care. None of the toddlers used glasses,
nor did any of them have hearing impairments or frequent ear
infections. The toddlers’ expressive vocabularies were assessed by
the parents filling out the electronic version of the parental report
tool MacArthur-Bates Communicative Development Inventories
Words and Sentences (i.e., MB-CDI II),' developed for 16— to 36-
month-old children in Norwegian (Kristoffersen and Simonsen,
2012), and for 16- to 30-month-old children in English (Fenson
et al.,, 2007). In line with the reports on language dominance,
all the toddlers had larger vocabularies in Norwegian (ranging
from 281 to 664 words, M = 549.41, SD = 95.54) than in English
(ranging from 20 to 565 words, M = 217.56, SD = 156.97). The
toddlers’ vocabulary scores, including information about age and
gender, is given in Supplementary Table 1. Parents gave written
informed consent before participation in the study. The toddlers
received a small toy after completing each session. Prior to

ISince only MB-CDI II was used in this study, for the remainder of this paper CDI
will be used to refer to MB-CDI I1.
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commencing data collection, the Norwegian Center for Research
Data (NSD) had approved the study.

To ensure the reliability of the eye-tracking experiment, we
piloted it on 20 Norwegian-English bilingual adults (8 females
and 12 males) aged 22-58 years (M = 28.4, SD = 7.4). These
participants gave written consent to participate in the current
study, and had the chance to win a gift certificate.

Materials
Eye-Tracking Experiment
The eye-tracking experiment employed the VWP and consisted
of 56 stimulus sets, divided into four lists, two in each language,
with14 stimuli sets in each list. Each stimuli set included one
audio stimulus (i.e., either a semantically constraining or a
neutral sentence—e.g., The boy eats/takes the green apple) and
one visual stimulus, with three corresponding pictures: a picture
of a boy/girl displayed in the top middle part of the screen, which
functioned as a fixation picture, and the picture pairs (target
and distractor) displayed lower on the right and left sides of
the screen (see Figure 1). Including a fixation picture of the
sentential subject made the participants look toward that picture
at the start of the sentence. This minimized the possibility that
the participants looked toward the target picture too early or
by chance. We placed the fixation picture at the top middle
at the screen because it is more natural to look at the top of
the screen first. In the fixation pictures, both the boy and the
girl looked straight down, so that the participants would not be
biased toward any of the pictures. The picture pairs were bigger
(9.7 cm®x°6.5 cm) than the fixation picture (5.5 cm®x°5.5 cm).
We edited the pictures with Gimp, version 2.8 (The GIMP Team,
2018), so that all the pictures had a white background and no
shadows. We found most of the pictures in the picture database
Colourbox.com (2018), and the rest via searches on the internet.
In every picture pair, the pictures had similar size, color,
and shape, and both were either photos or vectors. If the

FIGURE 1 | Example of the visual stimuli for the auditory stimulus This is a
boy. The boy eats the green apple.

target picture was animate, the distractor picture was also
animate. The object in the distractor picture was semantically
and associatively unrelated to the object in the target picture
and to the constraining verb. The reason behind this was that
previous VWP studies have shown that participants tend to look
more toward visual objects that are semantically related to the
spoken word, than to visual objects that are unrelated (Huettig
et al., 2006). The reason for only including two pictures (target
and distractor) in addition to the fixation picture was to prevent
toddlers from becoming overwhelmed by the visual stimuli. The
position of the target picture appearing on the right or on
the left side of the screen (see Figure 1) was counterbalanced.
The position of the target picture was also counterbalanced
across conditions.

For each language, 14 sentence pairs were created (all
sentences can be found in Supplementary Table 2). A sentence
pair consisted of one sentence with a semantically constraining
verb (e.g., eats) and one sentence with a neutral verb (e.g.,
takes). Within one language, each verb was used only once
in the experiment. The same semantically constraining verbs
were used in both languages. However, the noun arguments
following the verbs differed between the languages. For example,
the corresponding sentence pair for The boy eats/takes the
orange carrot in English was Gutten spiser/tar det gronne eplet
‘The boy eats/takes the green apple’ in Norwegian. Using
different noun arguments ensured that participants saw each
picture pair only once during the entire experiment consisting
of two sessions. For example, for the sentence pairs described
above, the target pictures were a green apple or an orange
carrot in the Norwegian and English tasks respectively. We
designed the sentences with neutral verbs so that the verbs
would plausibly fit with both pictures; for instance, if the verb
was pick up, it was possible to pick up both objects in the
pictures. In some cases, we had to include a preposition after
the verb for the stimulus sentences to ensure grammatical
correctness (e.g., The girl sits on the cold bench), or to make
verbs semantically constraining (e.g., The girl draws with
the blue crayon).

A short context sentence preceded each sentence, namely Her
er det en jente/gutt ‘Here there is a girl/boy’ in Norwegian and
This is a girl/boy in English. The context was neutral, so the
toddlers were not primed to look at the target or distractor
pictures. From experience, toddlers are easily distracted when
they hear names of family members or friends, we therefore
decided that all the sentences should start with The boy or The
girl.

The experimental material consisted of four lists: two in
Norwegian and two in English, created to balance the visual
and auditory stimuli across the participants, while also avoiding
repetition. The two lists from each language were evenly
distributed among the toddlers. In other words, one list from
each language was used for half of the toddlers. Equally
many sentences in each list began with The boy and The
girl, half of which had semantically constraining and neutral
verbs, respectively. Each child saw each picture pair only once.
Trials were fully randomized on a by-participant basis by the
experimental software.

Frontiers in Psychology | www.frontiersin.org

November 2021 | Volume 12 | Article 719447


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Theimann et al.

Prediction in Bilingual Toddlers

A Norwegian-English bilingual female speaker recorded the
auditory stimuli in a quiet environment with a Zoom Q2n,
with 48,000 Hz. We asked her to record the auditory stimuli
because of her clear pronunciation of Norwegian and English,
and because she had partly been growing up in an English-
speaking society and partly in a Norwegian-speaking society.
To edit the auditory stimuli we used Audacity, version 2.2.2
(Audacity Team, 2021). We edited the length of a short pause
(M = 812.47 ms; SD = 210.74) after the context sentence, to make
sure the verb onset was at exactly 3,500 ms into the trial. Similarly,
we edited the length of another short pause (M = 564.23 ms;
SD = 143.23) after the verb, to make sure the noun onset was at
5,300 ms. This gave the toddlers a time window of 1,800 ms to
predict the upcoming noun (e.g., This is a boy. [pause] The boy
eats [pause] the green apple). No linguistic cues appeared during
the predictive window that could bias the toddlers to look toward
either of the pictures.

All the adult pilot participants completed the Norwegian
version first, and the English version about 2 weeks later. After
each session, we asked the participants how sentences sounded
to them and whether the visual stimuli fitted the sentences.
Six adults noted that the audio stimuli sounded child-directed.
All agreed that the sentences sounded natural, that the pictures
matched the task, and that the two pictures shown at the same
time were equally salient.

Procedure

The toddlers performed the eye-tracking task either in the Socio-
Cognitive laboratory at the University of Oslo, or at the toddler’s
daycare center. The toddlers performed the eye-tracking task
twice—first in Norwegian, and 1-2 weeks later in English. At the
beginning of each session, we introduced the toddlers to a stuffed
animal, and told them that the stuffed animal could only speak
the language of that session. Toddlers sat on their parent’s lap,
facing a monitor. The eye-tracker was located underneath this
monitor. Eye movements were recorded from the right eye with
an SMI RED25mobile Eye Tracker, with a sample rate of 250 Hz.
Auditory stimuli were presented through a speaker, connected to
the monitor. We controlled and monitored the experiment by
a laptop computer. The experimenter instructed the parents to
sit still and not say anything during the experiment, so as to not
guide the toddlers to look at any of the pictures.

We used an image of a bee, shrinking in on itself, to calibrate
the toddlers’ eye movements. To make the calibration more
playful, the experimenter told the toddlers that the bee would
fly for them if they looked at it. After a successful calibration,
the experimenter told the toddlers that they would hear some
stories about a boy and a girl, and that they should look at the
pictures on the monitor in front of them. After the calibration,
two practice trials followed. After each trial, we asked the toddlers
to point to the pictures that matched the sentence they had
just heard. Previous studies have shown that young children
pay more attention performing eye-tracking tasks when they are
asked to point to the correct picture after each trial (Trueswell,
2008). During the practice trials, if the toddlers did not point
to the target picture, we repeated the practice trials until they
did. In each trial, the three pictures appeared and stayed on the

screen for 1,000 ms before the auditory stimuli started. Once the
participant had pointed to a picture, the next trial was started by
the experimenter. If a toddler pointed to the distractor picture, we
interpreted it as incorrect sentence understanding. After half of
the trials, a new calibration started, and the toddlers that needed
it had a break before the second calibration. Each session lasted
about 15 min. Within a week of each test session, the parents filled
out the CDI form for the language tested that day.

Data Analysis

For the analysis, we only used data from trials where the toddlers
understood the sentences correctly. As previously mentioned,
if a toddler pointed to the distractor picture at the end of a
sentence, we interpreted it as incorrect sentence understanding.
Therefore, 9% of the trials were excluded (43 out of 476). All of
the adults understood all of the sentences, so we kept all trials
in the pilot study. We used both fixations and saccades in the
analysis because young children have less stable patterns of eye-
movements and tend to saccade within areas of cognitive fixation
(Aring et al., 2007). Conventionally, fixations are defined as time
periods when eyes fixate on a specific area and stay relatively
stationary—from tens of milliseconds to several seconds, while
saccades are defined as rapid eye movements between any two
fixations (Holmgqvist et al., 2011). In the remainder of this
paper, fixations will refer to both saccades and fixations used
in the analysis.

We did not perform statistical analysis on the data from the
adult group and relied on visual investigation of the fixation
curves only, since the pilot study only served as a proof of concept
for the chosen experimental design. For the analysis of the data
from the toddler group, we used the divergence point analysis
reviewed in great detail and with remarkable clarity by Stone et al.
(2020). We encourage our readers to acquaint themselves with
the before mentioned paper. The analysis script in the current
study is adapted from the tutorial provided in Supplementary
Material by Stone et al. (2020).

The main goal of the divergence point analysis is to
allow researchers studying online unfolding of language
comprehension to estimate specific timepoints of effect
onsets. Once estimated, the effect onset timepoints can be
directly compared between experimental groups and/or
conditions in order to conclude in which experimental
group and/or condition the effect onset manifests earlier.
Several methods can be used to perform the divergence point
analysis and these methods have their specific advantages
and disadvantages (Stone et al., 2020). In the current study,
we used Generalized Logistic Mixed-effect Models (GLMM;
Barr, 2008) and our effect of interest was the onset of verb-
mediated predictive processing. We operationalized its onset
as the timepoint that (1) is located between the verb and
noun onsets in the constraining condition and (2) corresponds
to a significant increase in target-fixations compared to
distractor-fixations.

To analyze the data, we first defined the critical predictive
window as the time period between the verb onset + 300 ms and
the noun argument onset + 300 ms. Given that, firstly, adults use
at least 200 ms to launch a saccade (Altmann and Kamide, 1999;
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Salverda et al., 2014) and, secondly, that children are generally
slower than adults at launching saccades (Bucci and Seassau,
2012; Lemoine-Lardennois et al., 2016), 300 ms were added to
the verb onset as well as to the noun onset. We also added a
buffer of 1,700 ms after the noun onset + 300 ms to detect a
divergence point in the neutral condition where we did not expect
any predictive processing.

Secondly, we used the GLMM. We fitted a generalized logistic
mixed-effect model to data from each 20 ms time slot of this
critical predictive window to compare binomial distributions of
target and distractor fixations in each time slot. The time slot
where a significant difference between the number of target- and
distractor-fixations was observed for the first time was defined as
the divergence point, specifically the onset of the verb-mediated
processing. This method requires to run multiple statistical tests,
which is associated with an increased risk of making a Type
I error, that is, detecting an effect when it is in fact absent in
reality. Therefore, to adjust for multiple comparisons, we used
the false discovery rate (FDR) control correction (Benjamini
and Hochberg, 1995) when fitting the model. We preferred the
FDR correction to the Bonferroni correction, because the latter
is associated with reduced statistical power and consequently
increased probability to miss an effect that in fact exists in reality
(i.e., a Type II error). The FDR correction makes p-values from
each significance tests larger based on a specific algorithm. This
results in a lower number of false positives passing the initially
chosen alpha-level.

Following Mani and Huettig (2012), the ability to predict
upcoming linguistic information (i.e., predictive ability) was
operationalized as the difference in the number of target-
fixations between the semantically constraining and neutral
conditions within the critical predictive window. To measure
the strength of the relationship between CDI vocabulary scores
and predictive ability in each language separately, Spearman
correlation coefficients were used. The same method was
used to explore whether there is a relationship between
the overall productive vocabulary and predictive ability. R
(R Core Team, 2021) and RStudio (Rstudio Team, 2021)
were used for the data analysis. The R script, detailed
report of the analysis, and data can be found in the
Supplementary Material.

RESULTS

Results of the Pilot Study With the Adult
Group

The main goal of the pilot study was to ensure that the proposed
experimental design captures verb-mediated prediction. As can
be seen from Figure 2, the adult group showed predictive
processing in both Norwegian and English: Percentages of
target-fixations clearly increased (1) within the critical predictive
window in the constraining condition and (2) after the noun
onset in the neutral condition. Based on these results from
the visual inspection of the fixation curves, we concluded that
the proposed experimental design is suitable for studying verb-
mediated predictive processing.

Results of the Main Study With the
Toddler Group

Figure 3 summarizes performance of the toddler group and
displays a noticeable increase in target fixations happening within
the critical predictive window in the constraining conditions
well as after the noun onset in the neutral condition in both
Norwegian and English. Thus, this descriptive plot already
suggests that the toddler group predicted upcoming nouns based
on verb meanings in both their dominant and non-dominant
language. To estimate exactly when this verb-mediated predictive
processing started, a divergence point analysis was performed.

Figure 4 displays performance of the toddler group within
the critical predictive window. The triangle point depicts the
divergence point estimate calculated with the FDR correction.
Table 1 summarizes the divergence point estimates for different
conditions and languages in the toddler group.

For Norwegian, the divergence point estimate was before
the noun onset (i.e., 1,800 ms after the verb onset) in the
constraining condition: 1,020 ms after the verb onset. As
expected, in the neutral condition the divergence point estimate
was after the noun onset pointing to the absence of predictive
processing. These results suggest that the toddler group used
verb meanings to predict upcoming noun arguments in their
dominant language, Norwegian.

For English, the divergence point estimate was within the
critical predictive window in the constraining condition: 1,620 ms
after the verb onset. Similar to the Norwegian results, the FDR
divergence point estimate in the neutral condition was outside
of the critical predictive window pointing to the absence of
predictive processing. These results provide evidence for verb-
mediated predictive processing in the toddler group in their
non-dominant language, English.

The toddler group was generally faster in both constraining
and neutral conditions in their dominant language, Norwegian,
compared to English. Specifically, in the neutral condition
capturing verb-based integration of noun arguments, the toddlers
were 240 ms faster in Norwegian. For the constraining condition
this difference was 600 ms.

The predictive ability was calculated as the difference in the
number of target-fixations between the semantically constraining
and neutral conditions within the critical predictive window.
There were no significant correlations between predictive ability
and productive vocabulary in either Norwegian, r = -0.14,
p = 0.59, or English, r = 0.19, p = 0.47. Figure 5 shows
relationships between productive vocabulary and predictive
ability in both languages.

There was also no significant relationship between the total
productive vocabulary and predictive ability in either Norwegian,
r=-0.26, p = 0.30, or English, r = 0.002, p = 0.996. Figure 6 shows
relationships between total productive vocabulary and predictive
ability in both languages.

DISCUSSION

The present study is the first to investigate the semantic predictive
ability in bilingual toddlers in both their languages. We set
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adult group. “Context” refers to the time point when a context sentence starts, “verb” —when a verb starts, and “noun”—when a noun argument starts.
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out to answer two research questions. The first question was they do so, whether there is a difference in speed of predictive
whether bilingual toddlers predict upcoming nouns based on  processing between the two languages. The second question
verb meanings in both their dominant and non-dominant was whether toddlers’ production skills, specifically expressive
languages—namely Norwegian and English, respectively—and, if ~ vocabulary, mediates this predictive ability. Linguistic predictive
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TABLE 1 | Summary of the divergence point estimates.

Condition Norwegian English Difference between the divergence
point estimates, ms
Time after verb z-score p-value Time after verb z-score p-value
onset, ms onset, ms
Constraining 1,020 3.00 <0.05 1,620 2.95 <0.05 600
Neutral 2,720 3.28 <0.05 2,960 3.49 <0.05 240

processing was investigated by means of an eye-tracking
experiment employing the VWP. The expressive vocabulary sizes
were assessed with the Norwegian and English MacArthur-Bates
Communicative Development Inventories Words and Sentences
(i.e., MB-CDI II). Below, we will discuss our findings in relation
to these questions.

Concerning our first research question, we hypothesized,
firstly, that the toddler group would predict noun arguments
based on semantically constraining verbs in their dominant

language (i.e., Norwegian). Secondly, we hypothesized that
they would either not predict in their non-dominant language
(i.e., English) or predict significantly slower compared to their
dominant language.

The results from the current study support the first part
of this hypothesis: As expected, in Norwegian the divergence
point estimate was within the critical predictive window (i.e.,
after the verb- and before the noun-onset) in the constraining
condition and outside of it in the neutral condition. As previously
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mentioned, the divergence point was defined as the first time
slot with a significant difference between the number of target-
and distractor-fixations. These results provide clear evidence for
the presence of verb-mediated predictive processing of noun
arguments in toddlers in their dominant language. These findings
are in line with findings from previous research. In particular,
previous studies have shown that monolingual toddlers at the
age of 2 years (Mani and Huettig, 2012; Mani et al., 2016) as
well as monolingual children aged 3-10 years (Borovsky et al.,
2012) predict upcoming lexical information during sentence
comprehension. Additionally, Brouwer et al. (2017) found that
bilingual children aged 4 years old were able to predict in
their majority language using semantic cues similarly to their
monolingual peers.

The second part of our hypothesis connected to the first
research question was also supported by the current findings: in

English, the divergence point estimate was within the critical
predictive window in the constraining condition and outside of
it in the neutral condition. Thus, we concluded that the current
study provides evidence for verb-mediated predictive processing
in toddlers in a non-dominant language.

With regards to the speed of processing, the toddler group
was generally faster in their dominant language, Norwegian,
compared to their non-dominant language, English. In the
constraining condition, which taps into predictive processing, the
processing advantage for the domain language was 600 ms.

In English, the divergence point estimate were later in both
neutral and constraining conditions in English compared to
Norwegian (see Table 1). To the best of our knowledge, there are
no existing studies on semantic prediction in bilingual toddlers
in both their languages. However, the current results are in line
with experimental evidence from studies with adults, finding
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that adult bilinguals predict slower in their L2 compared to
monolinguals. For instance, Dijkgraaf et al. (2019) compared
Dutch-English bilinguals’ L1 to their L2 and found that they
predicted based on semantic cues slower in L2 than in L1. Chun
and Kaan (2019) showed that adult Chinese L2 learners of English
predicted 180 ms slower than native English speakers when
listening to English. Dijkgraaf et al. (2017) investigated semantic
verb-mediated prediction and identified that adult Dutch-English
bilinguals predicted 100 ms slower in both of their languages
compared to native English speakers.

The current study is the first to test semantic prediction skills
in bilingual 2;5- to 3;3-year-old toddlers in both languages. By
testing both languages with almost identical stimuli in the same
individuals, it is possible to investigate the differences between
the prediction abilities in two languages within individuals. This
eliminates between-group differences (e.g., speed differences in
eye movements, cultural and linguistic backgrounds, as well as
individual cognitive differences), which is difficult to avoid when
comparing bilinguals’ non-dominant language to native speakers
(Dijkgraaf et al., 2019).

In the present study, the toddlers had less exposure to English
than to Norwegian, potentially resulting in weaker mental
representations in this language, and in turn slower prediction.
These findings are in line with the theoretical accounts of Gollan
et al. (2008), Kaan (2014), and Karaca et al. (2021), and indicate
that semantic prediction is less efficient in the non-dominant
language. Following the weaker links hypothesis (Gollan et al.,
2008), the less efficient prediction could be due to weaker
links between verb meanings and their arguments in the less
practiced language. The current findings are also in line with
the Unified Model (MacWhinney, 2008, 2012). Findings from
studies of simultaneous bilingual language acquisition indicate
that knowledge from one language can indeed influence the
acquisition of another, as long as there is structural overlap.
Since Norwegian and English are structurally similar languages,
the toddlers who participated in our study could be transferring
their ability to predict from the dominant to the non-dominant
language. In fact, cross-linguistic influence in semantic (or
conceptual) knowledge could be what allows them to predict
in their non-dominant language at all. When the toddlers have
understood that certain verbs are followed by certain noun
arguments (e.g., eat and something edible) in their strongest
language, they transfer this knowledge to the weakest language,
and thus predict in this language as well. Thus, if a toddler knew
the meaning of the verb eat in English, they could use their mental
representations from Norwegian, their dominant language, to
predict edible objects, even if they did not know the English
names for the edible objects depicted on the screen.

Other studies of prediction with bilingual children also report
findings that suggest transfer of knowledge from the dominant
to the non-dominant language. Lemmerth and Hopp (2019)
showed that Russian-German successive bilingual 8- and 9-year-
old would only predict nouns based on grammatical gender
in cases where there was gender congruency between Russian
and German. The researchers argue that all nouns in both
languages with the gender they heard get activated, so the nouns
with gender congruency across languages benefited from the

activation and eased prediction. At the same time, the nouns
with incongruent gender suffered from competition effects. In
a study with Russian-Hebrew bilinguals aged 4-8 years, the
bilinguals were slower to predict based on case markers compared
to their monolingual Russian-speaking peers (Meir et al., 2020).
However, in contrast to Hebrew monolinguals, only the bilinguals
used the case markers to predict in Hebrew. This indicates that
the bilinguals transferred their case marker knowledge from
Russian, where case markers are commonly used to predict, to
Hebrew, where case markers are used less as a cue to predict.

To summarize, the results we obtained to answer our first
research question, suggest that bilingual toddlers at the age of
2;6 are able to use verb meanings to predict upcoming noun
arguments in both of their languages. However, they are faster at
predicting in the language reported as their dominant one, where
they have the largest vocabulary, according to parental reports.

The second research question was whether there was an
association between predictive ability and production skills
represented by expressive vocabulary. We hypothesized that
there would be a positive correlation between the predictive
ability and expressive vocabulary sizes; the toddlers with higher
productive vocabulary sizes would predict faster. Previous studies
on grammatical and lexical development in bilingual children
indicate that lexical development in one language leads to better
grammar in the same language only. Therefore, we expected a
positive correlation between the predictive ability in one language
and the expressive vocabulary in the same language.

The results did not support this hypothesis. There were no
significant correlations between predictive ability and expressive
vocabulary size within either of the two languages. This is in
line with findings from Dijkgraaf et al’s (2017) study, where
the researchers did not find a significant relationship between
predictive ability and production in the respective languages
in a group of adult bilinguals. The researchers assumed that
the method they used to measure bilinguals’ vocabularies (i.e.,
LexTALE) was not sensitive enough to reflect variation in
production skills in the group of adults, and that, in turn, this
could have explained the non-significant results they obtained.
Previous studies have provided evidence for the production-
based models, suggesting that one of the possible mechanisms for
language prediction during sentence comprehension is language
production skills (e.g., Mani and Huettig, 2012; Mani et al,
2016; Martin et al., 2018). For instance, Mani and Huettig (2012)
found a positive correlation between monolingual 2-year-olds’
predictive ability and their productive skills. The toddlers with
expressive vocabulary sizes from 225 words according to the
MB-CDI had better predictive ability compared to the toddlers
with smaller expressive vocabularies. Mani and Huettig argue
that production skill is one of the underlying mechanisms,
and that toddlers with larger expressive vocabularies will have
stronger links between constraining verbs and their arguments,
which in turn facilitates predictive processing. However, while
the toddlers in the present study predicted, there was no link
between the predictive ability and the same language vocabulary.
We used the same method to measure expressive vocabulary as
Mani and Huettig (2012). The obvious difference between the
two studies is that their study concerned monolingual toddlers
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while and the present study concerned bilingual toddlers. As
mentioned in the introduction, there are different ways to look
at bilinguals’ vocabularies, which we will discuss below. The
findings in the present study do not provide evidence in support
of the theoretical account where productive vocabulary is seen as
an underlying mechanism of the predictive ability.

In addition to the two research questions, we had an
exploratory goal: to investigate whether there was a correlation
between the predictive ability in each of the languages and the
total expressive vocabulary. There was no correlation between
the predictive ability in either of the languages and the total
expressive vocabulary. It is possible that this result is an artifact
of the measure used. As mentioned in the introduction, bilingual
children’s lexical development can be assessed by first assessing
their vocabulary in each language separately, and then use
those data to calculate either a conceptual vocabulary or a total
vocabulary (Pearson et al., 1993; De Houwer et al.,, 2014). Both
of these measures have their advantages. This study calculated
the total vocabulary, that is, the sum of words produced in
Norwegian and English. The measure requires no qualitative
judgment from the researcher, but may give inflated numbers,
particularly for children who know many cognates, that is, words
from different languages overlapping in form and meaning.
Hence, a child scores 2 points for producing both the Norwegian
word banan and its English equivalent banana, and 1 point for
producing the Norwegian word only. The measure of conceptual
vocabulary, on the other hand, is meant to reflect the number
of concepts the child has a word for, regardless of which
language the concept is in. Here, a child would score only
1 point whether they produced both the Norwegian banan
and the English banana or only one of these words. This
measure is more conservative, not inflated by the existence of
cognates, and it may yield a more valid picture of bilingual
children’s lexical knowledge. However, the calculation requires
the researcher to map conceptual equivalents among the words
that the children produce in their two languages. This task is
not trivial, as complete conceptual equivalents across languages
are rare (Pavlenko, 2009; de Groot, 2013). Some words may
seem to have an absolute conceptual equivalent, but a complete
overlap for all the uses in a range of situations and contexts of
the word is hard to find. Thus, establishing a child’s conceptual
vocabulary size is not straightforward. However, it is nevertheless
possible that it is a more relevant measure for studies of verb-
mediated prediction.

The current study is not without limitations. The first
limitation we wish to address regards participant groups.
Future studies could include a group of English-Norwegian
simultaneous bilingual toddlers, to see if they would have the
opposite results from the toddlers in this study: if they would
show faster predictive abilities in English. Including a group
of simultaneous bilingual toddlers with larger vocabularies in
English than in Norwegian could help answering the question
if proficiency is key to prediction. Future studies with older and
more proficient bilingual children could shed light on whether
the predictive ability in their non-dominant language would
increase with increased proficiency in this language. In addition,
more research on prediction in bilingual children at different

ages, and with different proficiency levels between their languages
would increase our knowledge on the role of proficiency for
predictive ability. Another limitation of the current study is
that we did not measure the toddlers’ receptive vocabulary or
other receptive language processing skills. The current study
focused on the relationship between the predictive ability and
production, however there are also models that link prediction
to comprehension (Chang et al., 2006; Gambi and Pickering,
2013; Dell and Chang, 2014; Ness and Meltzer-Asscher, 2021).
Future studies should investigate a relationship between the
predictive ability and both production and comprehension.
For both modalities, the measure of conceptual vocabulary
may be more suitable than the total vocabulary measure used
here. Concerning our statistical analyses, the main drawback of
GLMM is its inability to measure variability of the divergence
points. As such it is not suited for statistical comparison of
these points between conditions and/or groups. In a recent
paper, Stone et al. (2020) suggest using bootstrapping to enable
estimation of uncertainty around the divergence points. While it
is uncertain how well-suited a limited dataset with high variability
such as ours is for bootstrapping, we see this as a promising
direction for the field.

CONCLUSION

To conclude, findings from the current study suggest that
bilingual toddlers predict upcoming nouns based on the semantic
restrictions of verbs in both their dominant and non-dominant
languages. However, they are faster in their dominant language.
These findings are in line with the weaker links hypothesis: less
exposure and lower proficiency in the non-dominant language
lead to weaker mental representations and associations, which,
in turn, result in slower linguistic predictive processing. Due
to young age and limited experience with the non-dominant
language, a toddler’s ability to predict may still be developing
in this language. Despite their lower proficiency in the non-
dominant language the bilingual toddlers in our study still
predicted in this language. Following the Unified Model, the
prediction in the non-dominant language could be explained by
a transfer of this ability from the dominant to the non-dominant
language. Findings from previous studies concerning the possible
association between the predictive ability and production are
conflicting. The results from the current study do not lend
support to the theoretical account where productive vocabulary
is seen as an underlying mechanism of the predictive ability:
there was no relationship between the predictive ability and
the expressive vocabularies in either language or with total
vocabulary. Based on the conflicting findings on the expressive
vocabulary’s role on predictive ability, more research is needed to
investigate this relationship further.
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