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Abstract 
A growing body of research suggests that language production is related to the ability to 

predict upcoming linguistic input.1 Previous studies have shown that monolingual 2-year-olds 

can predict upcoming nouns based on verb meanings. However, little is known about the 

predictive ability and its relationship with language production in bilingual children.  

This thesis is devoted to the investigation of young Norwegian-English bilingual children’s 

ability to predict upcoming nouns based on meanings of preceding verbs. Additionally, it has 

been investigated whether there is a relationship between prediction and language production 

as well as between prediction and general cognitive control. 16 children in the age from 2;5 to 

3;3, and 20 adults participated in the present study. The adult group was tested to ensure the 

reliability of the eye-tracking task. To assess the predictive ability, an eye-tracking 

experiment employing the visual world paradigm was used. Productive vocabulary was 

measured with the Norwegian and English MacArthur-Bates Communicative Development 

Inventories Words and Sentences. Language background was assessed with the Parent of 

Bilingual Children Questionnaire. Cognitive control was measured with the standardized 

Dimensional Change Card Sorting task.  

Wilcoxon signed-rank test was used to investigate the predictive ability of children and adults. 

Spearman correlation coefficients were used to assess the relationship between the predictive 

ability and language production in the child group. Tukey’s range test was used to assess the 

relationship between the predictive ability and cognitive control.  

The results of the statistical analysis showed that both children and adults rely on verb 

meanings to predict upcoming nouns. However, the child group showed the ability to predict 

only in Norwegian, but not in English. There was no significant relationship between either 

the predictive ability and productive vocabulary, or the predictive ability and cognitive 

control.  

To conclude, bilingual children between the ages of 2:5 and 3;3 can predict upcoming nuns 

based on verb meanings in their dominant language. 

 

                                                 
1 A lay summary can be found in Appendix E.  
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Sammendrag 
Flere studier tyder på at språkproduksjon er relatert til evnen til å predikere ord før de har blitt 

sagt.2 Tidligere studier har vist at ettspråklige 2-åringer kan predikere substantiv basert på 

verbs betydning, før substantivene har blitt nevnt. Det er imidlertid lite forsket på evnen til å 

predikere og dens forhold til språkproduksjon hos tospråklige barn. 

Denne masteroppgaven undersøker norsk-engelsk tospråklig barns evne til å predikere 

substantiv basert på verbs betydning. I tillegg til å undersøke om det er et forhold mellom 

prediksjon og språkproduksjon, og mellom evnene til å predikere og generell kognitiv 

kontroll. 16 barn i alderen fra 2;5 til 3;3, og 20 voksne deltok i studien. De voksne deltok for å 

sikre påliteligheten til eye-tracker testen. For å undersøke evnen til å predikere ble et «eye-

tracker-» eksperiment benyttet. Produktivt ordforråd var målt med den norske og engelske 

MacArthur-Bates Communicative Development Inventories Words and Sentences, mens 

språkbakgrunnen blir undersøkt ved hjelp av Parent of Bilingual Children Questionnaire. 

Kognitiv kontroll måles med den standardiserte Dimensional Change Card Sortering 

oppgaven. 

Wilcoxon brukes til å undersøke barns og voksne prediktive evne. Spearman correlation 

brukes til å sammenligne prediktive evne og språkproduksjon, mens en Tukey-test brukes til å 

sammenligne forholdet mellom prediktiv evne og kognitiv kontroll.  

Resultatene av analysen viser at barn og voksne bruker informasjon fra verb for å forutsi 

kommende substantiver. I barnegruppen er det imidlertid kun signifikante resultater på norsk, 

og ikke på engelsk. Studien finner ikke et signifikant forhold mellom prediktiv evne og 

produktivt ordforråd. Det er heller ikke noe signifikant forhold mellom prediktiv evne og 

resultatene fra oppgaven som testet kognitive kontroll.  

For å konkludere, tospråklige barn i alderen 2 og et halvt til 3 år kan predikere substantiv før 

de har blitt sagt basert på verbs betydning på det dominante språket sitt. 

 

                                                 
2 For lekmanns sammendrag, se Appendix E  
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1 Introduction  
If you hear Would you like some coffee or …? , it is likely that you assume that the next word 

would be tea. This is called prediction during sentence comprehension, and can in scientific 

terms be defined as “pre-activation/retrieval of linguistic input before it is encountered by the 

language comprehender” (Huettig, 2015, p. 122). That is, children and adults tend to 

anticipate spoken or written linguistic information. Our language use is creative: often we 

produce and hear utterances that we have never used or encountered before. It is in fact not 

necessary to predict to be able to understand speech stream or written text (Huettig & Mani, 

2016). As argued by Jackendoff (2007), there are endless possibilities of upcoming input in 

any speech context, and attempting to predict upcoming linguistic information may thus seem 

like a waste of processing resources. Forster (1981) also argued against the possibility of 

prediction of upcoming input during language processing. Nieuwland et al. (2018) did not 

find evidence for pre-activation of upcoming linguistic information during reading. 

If it is not necessary to predict to understand language, why would we use energy to do it? 

What are the advantages of prediction? Researchers argue that although prediction is not 

necessary for language comprehension, it makes it easier and faster (Huettig, 2015; Huettig & 

Mani, 2016). In fact, when we talk, we often do not finish sentences, but we can still 

communicate our message and understand others. Also, we tend to finish each other’s 

sentences. These are behavioral signs of the ability to predict during language comprehension. 

This thesis is devoted to the investigation of young Norwegian-English bilingual children’s 

ability to predict upcoming linguistic input during sentence comprehension. More precisely, it 

is focused on verb-mediated prediction. Additionally, the relationship between the predictive 

ability and productive vocabulary, as well as the relationship between the predictive ability 

and cognitive control were studied. The children’s predictive ability was measured by means 

of an eye-tracking experiment employing the visual world paradigm (the visual world 

paradigm is explained in Section 1.2). The children’s productive vocabulary sizes were 

assessed with the Norwegian MacArthur-Bates Communicative Development Inventories 

Words and sentences (CDI II) and the English CDI II, and information on their language 

background was collected with the Parent of Bilingual Children Questionnaire (PaBiQ). The 

Dimensional Change Card Sorting (DCCS) task was used to measure children’s cognitive 

control.  
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This chapter is further divided into four parts. Section 1.1 is devoted to the prediction during 

general information processing as well as prediction during sentence comprehension. The 

visual world paradigm is described in Section 1.2. In Section 1.3, I look at one of the possible 

definitions of bilingualism (which is further discussed in Section 2.2). Lastly, the aims and 

outline of the thesis are presented in Section 1.4.  

1.1 Prediction during information processing 

Already in the 1800s the German physician Herman von Helmholtz (1860) hypothesised that 

prediction plays a central role in human information processing. A growing body of studies 

have provided experimental evidence for this phenomenon. For instance, Hunnius and 

Bekkering (2010) found that even 6 months old infants can predict the target locations of 

everyday objects: for example, when an adult was reaching for a cup, the infant observing her 

had started looking at the adult’s mouth before the adult had started drinking. Kilner, Vargas, 

Duval, Blakemore, and Sirigu (2004) found that adults predicted the movements of other 

people they observed. When the participants observed others moving, the motor system of the 

participants also got activated prior to the movements they were observing. Since prediction 

plays a part in general information processing, it was natural to investigate if prediction also 

had a role in language processing (Huettig, 2015). 

A growing body of experimental research have provided evidence that both adults (e.g., 

Altmann & Mirković, 2009; Arai & Keller, 2013; DeLong, Urbach, & Kutas, 2005; Hintz, 

Meyer, & Huettig, 2017) and children (e.g., Borovsky, Elman, & Fernald, 2012; Lukyanenko 

& Fisher, 2016; Mani & Huettig, 2012) predict upcoming linguistic information during 

sentence comprehension. However, 2-year-old children with small productive vocabulary 

sizes have shown no ability or a weak ability to predict (Mani & Huettig, 2012). Based on this 

finding, the researchers suggested that the ability to predict is related to language production: 

the more words the children were able to produce, the better they predicted during language 

comprehension. Investigating the same relationship in bilingual children who are still 

developing their language production and their predictive ability allows us to look at the 

relationships between their productive vocabulary sizes and predictive abilities for each 

language separately.  
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In the present thesis, prediction during sentence comprehension, predictive ability, and 

similar expressions refer to spoken language processing. Furthermore, this thesis is focused 

on verb-mediated prediction – the ability to anticipate upcoming noun arguments based on 

meanings of the preceding verbs. Given that the SVO (Subject-Verb-Object) construction is 

typical for both Norwegian and English, it is possible to predict upcoming noun arguments 

based on verb meanings. For example, everyone who hears the verb eat and has the 

knowledge of what can and cannot be eaten, would expect something edible to follow the 

verb. Consequently, Peter eats the cake would be more expected than Peter eats the sock. The 

verb eat is an example of semantically constraining verbs. These verbs have a limited number 

of arguments that can follow them for the sentence to be meaningful. There are verbs, which 

are semantically neutral, meaning that a larger number of nouns can follow them. For 

example, a variety of different nouns can follow the verbs see or take. Semantically 

constraining verbs have stronger semantic associations with upcoming nouns, and, 

consequently, it is easier to predict based on these verbs compared to neutral verbs.  

1.2 Eye-tracking and the visual world paradigm  

The visual world paradigm is based on the finding of Cooper (1974) who noticed that 

people’s eye gazes were spontaneously drawn to objects mentioned in the audio recordings 

they listened to, or objects that were somehow related to what was mentioned in these audio 

recordings. Participants in his study were instructed to listen to short stories while being 

presented with several black and white drawings on a screen, where only one or some of the 

drawings were relevant to the stories they listened to. Cooper found that the participants 

fixated their eye gaze on a depicted lion upon hearing lion. At the same time, they also looked 

at the depicted lion when hearing Africa, when the lion was the most closely related object to 

Africa. Cooper concluded that eye gaze was a reliable method for studying online language 

processing, since it is spontaneous and can therefore not be controlled. This method is now 

known as the visual world paradigm and it relies on the assumption that people spontaneously 

look towards the object that is being spoken about (Huettig, Rommers, & Meyer, 2011). 

The visual world paradigm typically includes audio and visual stimuli: the visual stimuli are 

usually represented by pictures, among which some are related to the audio stimuli and some 

are not (Huettig et al., 2011). A modern eye-tracking system typically consists of a computer 

screen and an eye-tracking device attached under the screen. The eye-tracking device records 
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at which part of the screen a participant is looking while listening to the audio stimuli. Three 

big methodological advantages of collecting data with an eye-tracker are the following: 1) it is 

non-intrusive, 2) participants who cannot read can also be tested, since pictures can be used as 

visual stimuli, and 3) participants do not need to get direct instructions on how to perform a 

task, which is beneficial for specific populations, for instance young children. However, a 

disadvantage of eye-tracking is that participants need to sit still in front of the screen, so that 

their eye-tracking data are reliably recorded and not missed. 

In eye-tracking studies, saccadic eye-movements and fixations are differentiated. Fixations 

are defined as time periods when eyes are fixated on a specific object and stay relatively 

stationary (from tens of milliseconds to several seconds). Saccades are rapid eye-movements 

between any two fixations (Holmqvist et al., 2011, pp. 21-23). 

Huettig et al. (2011) argued that the visual world paradigm is a very useful method to 

investigate cognitive processing in general and prediction during sentence comprehension 

specifically. The latter is due to the fact that participants’eye gazes are expected to be 

automatically drawn to what they are hearing, and therefore experimenters get indications of 

their ongoing analysis of the auditory stimuli. 

1.3 Bilingualism  

This thesis investigates bilingual children’s ability to predict noun arguments based on verb 

meanings. As we will turn to in Section 2.2, there are different definitions of bilingualism, 

however in this thesis I follow the definition given by Grosjean (2013, p. 5) who defined 

bilingualism as “the use of two or more languages (or dialects) in everyday life”. This 

definition opens for both language use and language proficiency: one needs to be at a certain 

proficiency level to be able to use a language on the everyday basis. 

In this thesis, the terms bilingualism/bilinguals and multilingualism/multilinguals refer to a 

child/adult that uses more than one language/dialect, and the terms are used interchangeably. 

The terms bilingualism/bilinguals are the terms most commonly used in the literature, and are 

therefore the most used term in this thesis. 
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1.4 The current thesis  

1.4.1 Aims of the thesis  

This thesis aims to investigate young Norwegian-English bilingual children’s ability to 

predict during sentence comprehension, specifically their ability to predict upcoming nouns 

based on verb meanings. In addition, it aims to investigate the relationships between the 

predictive ability and language production, as well as between the predictive ability and 

cognitive control. Given that bilingual children acquire two languages simultaneously, it is 

possible to investigate their ability to predict in both languages. Consequently, it should be 

possible to separate language abilities from other cognitive abilities. The specific research 

questions are formulated in Section 3.4. 

1.4.2 Outline of the thesis  

This thesis is structured as the following: Chapter 2 presents the theoretical frameworks, 

while Chapter 3 includes findings from the previous research and research questions of the 

present study. In Chapter 4, the study methods are described, including descriptions of the 

participants, data collection procedures, task-stimuli as well as statistical methods used for 

data analysis. The results of the current study are summarized in Chapter 5 and discussed in 

Chapter 6, the latter also covers limitations of the present study and outlines directions for 

future research. Finally, concluding remarks are found in Chapter 7.  
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2 Theory 
This thesis takes a usage-based view on language, as does Langacker (1987, 2008), Bybee 

(2010) and Tomasello (2003). From a usage-based perspective it is assumed that the mental 

representations we have of language emerge from language use (Bybee, 2010; Tomasello, 

2003). From input we generate mental representations of language, consisting of various types 

of linguistic units, such as words, chunks of words (e.g. how do you do?), or whole utterances, 

which are stored in the mental lexicon. According to usage-based theories, we have almost 

unlimited memory in the mental lexicon (Bybee, 2010; Bybee & Beckner, 2010). The mental 

representations of words or chunks of words are strengthened by repetition and frequency of 

use (Bybee & Beckner, 2010). Frequency of use affects the mental representations of the 

words or chunk of words – the higher frequency the more salient are the representations. 

Moreover, usage-based theories suggest that language does not rely on innate knowledge of 

language, but on factors pertaining to general cognitive domains. In other words, there is no 

separate language ability, but rather that language is an extension of other cognitive domains. 

These domains are continuing to do non-linguistic work, is to say that they have kept their 

‘day jobs’, but are also used for language abilities (Bybee & Beckner, 2010, p. 3). Some of 

the domains linguistic mechanisms rely on are categorization, chunking, rich memory storage, 

analogy, cross-modal association and sequential and statistical learning (Bybee, 2010; Bybee 

& Beckner, 2010).  

In this chapter, Section 2.1 will be devoted to language development in a usage-based 

perspective, focusing on verb and verb phrases and sentence comprehension. Next, Section 

2.2 will look at bilingualism in early childhood. Section 2.3 will look at prediction during 

sentence comprehension, and prediction and bilingualism. Lastly, Section 2.4 will give a 

summary of the chapter.  

2.1 Language development in a usage-based perspective  

As mentioned above, the mental representations of language emerge from language use; they 

are therefore individual, since everyone has their own experiences with language, in addition, 

they are dynamic, since they change over time with new experiences. Since the mental 

representations are individual and dynamic the representations of young children should be of 

a different character than the ones of adults. This is because children have had less exposure 
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to language and know fewer words (Hansen, 2017). In addition, child directed speech is 

different than normal speech and children are still developing language, which may also cause 

the mental representations of children to be different than the representations of adults.  

2.1.1 Verbs and nouns  

In usage-based theories, there is not a strict division between grammar and lexicon, but a 

continuum of symbolic structures between lexicon, morphology, and syntax (Langacker, 

1987). However, it is still logical to talk about lexical units (or words), seen as units that the 

language user can comprehend or retrieve in an automatic fashion, without having to focus on 

their individual parts (Langacker, 1987, p. 57). At the same time, Langacker (1987) states that 

the division between linguistic units and nonunits is not sharp, but rather “as falling along a 

continuous scale” (Langacker, 1987, p. 59). Therefore, on the one hand, one could argue that 

words are not important in usage-based theories since there is not a sharp division between 

linguistic units and nonunits. On the other hand, words are important because they are 

cognitively autonomous, since they can function by them self both phonologically and 

pragmatically, for instance apple is appropriate by itself, but [b] is not (Bybee, 2003).  

According to Langacker (1987) words are separated into word classes by grammatical 

categories, defined by their conceptual autonomy. Conceptual autonomy means that a word 

can be conceptualized by itself. Since this study is focusing on verbs and nouns, I will only 

describe these two word classes. A noun designates a thing, which can be described as a 

region that is bounded within a domain (Langacker, 1987). For example, a beep is a bounded 

region in time and pitch. Concrete or abstract mass nouns are bounded by effective 

homogeneity (Langacker, 1987). For instance, lamps and chairs are different, but they are 

nonetheless furniture and can be described as furniture in situations where the specific type of 

furniture is not important. A verb designates a process, which has a relation with a positive 

temporal profile. That is, it is a process with a start and a finish; for instance, to walk is a 

process that starts when one starts to walk and ends when one stops to walk. Nouns are 

conceptually autonomous, because they can be conceptualized by themselves. On the other 

hand, verbs are conceptually dependent, because when one is conceptualizing a verb, for 

example eat, one is also conceptualizing the food that is being eaten and an entity eating it. It 

is not possible for anything, for example an apple, to be eaten without anyone eating it, and it 

is not possible to eat without having anything to eat.  
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As mentioned previously, nouns are conceptually autonomous and verbs are conceptually 

dependent, therefore it should be easier for children to acquire nouns than verbs. According to 

Gentner (1982), children learn nouns earlier than verbs and other words classes, because 

nouns often denote concrete objects whereas verbs denote transient or abstract events. This 

makes the “word-to-world” mapping more transparent and easier for nouns than for other 

word classes. Gentner called this the Natural Partitions Hypothesis. Gentner and Boroditsky 

(2001) developed the theory further by adding function words (e.g. the, and) and proposing a 

gradient scale of transparency, where the most transparent words (e.g., nouns) are at one end 

of the scale and the least transparent words (e.g., functions words), are at the other end of the 

scale. Verbs are found towards the middle of the scale, because they rely on arguments to 

denote a referential situation. This goes back to Langacker’s (1987) description of verbs as 

conceptually dependent.  

Tomasello (2003) takes a modified social-pragmatic approach to the Natural Partitions 

Hypothesis. His modified approach is that children develop words easier in situations where it 

is easy to read the adult’s intentions. Tomasello (2003) argues that there must be more factors 

than explained in the Natural Partitions Hypothesis to explain how fast children develop 

words. Children learn more readily in situations where there are joint attention and clear 

communicative intentions from the adults (Tomasello, 2003). Therefore, it is easier for 

children to develop their understanding of nouns, because they are often used in pragmatically 

simple situations, such as inspecting an object with the child or handing the child an object. 

However, children do not only develop nouns with transparent referents, but also “event-type 

nouns such as breakfast, performatives such as no, and some verbs and other relational 

words.” (Tomasello, 2003, p. 49). Corroborating this view, some of children’s first words are 

typically words and phrases from social interactions, such as thank you, hi and good bye 

(Tomasello, 2003). 

Another point: Children will know several nouns by the time they start picking up verbs. 

Since new words are added to the mental lexicon based on their relations with other words 

already there, it is logical that the first verbs will be understood from their relations with 

nouns, also if we don’t take word class differences into account. According to a usage-based 

theory, one would then assume that nouns could be predicted based on verbs, because verbs 

are conceptually dependent and, one would also conceptualize nouns one would associate 
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with specific verbs. Even though children generally learn nouns faster than verbs, they learn 

words in social-pragmatic situations and learn some verbs early on.  

2.2 Acquiring two languages at an early age  

2.2.1 Defining bilingualism  

What is bilingualism? There are different definitions of multilingualism in the literature, 

defined on the basis of language proficiency (e.g., Haugen, 1969) or language usage (e.g., 

Mackey, 1962). As mentioned in the Introduction, I follow the same definition of 

multilingualism as Grosjean (2013, p. 5): “the use of two or more languages (or dialects) in 

everyday life”. This definition does not exclude proficiency, as it requires a certain level of 

proficiency to use two or more languages daily (Grosjean & Byers‐Heinlein, 2018). However, 

this definition puts usage in the center, and therefore it fits well within the usage-based 

theoretical framework. This definition also highlights the dynamic state of bilingualism; one 

can become or cease to be bilingual. Depending on one’s language situation, one can learn a 

new language or stop using an already acquired one. Not all children that are exposed to more 

than one language grow up to be bilingual (Grosjean & Byers‐Heinlein, 2018). Bilinguals are 

seldom balanced. That is, they are usually dominant in one of their languages, at least more 

dominant in specific domains, which will be discussed below. Since infants and young 

children do not have the same proficiency and usage of language as adults, bilingualism in 

this population is usually defined through exposure (Grosjean & Byers‐Heinlein, 2018).  

Children who develop two languages at an early age can be divided into two groups: 

simultaneous bilinguals and early sequential bilinguals. Simultaneous bilinguals are exposed 

to both languages from birth, and early sequential bilinguals are exposed to one language 

from birth and a second language during early childhood (De Houwer, 1990; Grosjean & 

Byers‐Heinlein, 2018; Paradis, 2007). However, it is not clear where to draw the line between 

these two groups. What is the difference between a child that was exposed to two languages 

from birth and a child that was exposed to the second language at 3 or 6 months, or even at 1 

year? It is an ongoing discussion where to draw the line between simultaneous and early 

sequential bilinguals. The definition for simultaneous bilinguals vary from children that were 

exposed to two languages from birth, or from a couple of months, or around their first 
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birthday (Yip, 2013). I would say that there is continuum between simultaneous and early 

sequential bilinguals, rather than a strict cut off between the two categories.  

2.2.2 The bilingual’s vocabulary 

As mentioned previously, within a usage-based view language is intrinsically a social 

phenomenon. Bilinguals need to use their languages in different contexts and with different 

people, which is summed up in Grosjean’s (1997, p. 165) Complementary Principle: 

“Bilinguals usually acquire and use their languages for different purposes, in different 

domains of life, with different people. Different aspects of life require different languages.” 

This principle describes that bilinguals use their languages in different situations and thus 

have complementary competence in their two languages. Often, bilinguals will use the two 

languages in different domains, and words used in one domain may not be relevant in the 

other domain. Therefore, the total linguistic competence of bilinguals would be distributed 

across the languages, with a certain amount of overlap. Some of the competence would be 

present in both languages, while other would exist in just one of them. 

At the same time as bilingual’s competence is divided between the languages, they also have 

conceptual equivalents in the languages. Conceptual equivalent are words from the two 

languages that denote the same concept. Simultaneous bilinguals understand conceptual 

equivalents from an early age, (e.g., De Houwer, Bornstein, & De Coster, 2006; Legacy et al., 

2017). Early sequential bilinguals often speak one language at home and the other outside of 

the home, and will therefore often lack equivalents for words that they only encounter in one 

of the domains (Byers‐Heinlein, 2018). However, absolute conceptual equivalents are rare. 

Even though some words seem to have an absolute conceptual equivalent, a complete overlap 

for all the uses in a range of situations and contexts of the word is hard to find. For instance, a 

highly proficient bilingual would probably perceive coffee (English) and café (French) 

differently, but an English speaker who is learning French may perceive them as equivalent. 

That highly bilinguals perceive coffee differently in two languages may be due to 

biculturalism, and the way they develop words from the social context. It is far more common 

for words to be partially conceptual equivalents, which means that they have more or less the 

same meaning. For instance, tree and forest does not designate exactly the same in Danish, 

German and French, illustrated in Figure 1 (Hjelmslev, 1943). Some words only exist in one 

of the languages, and are thus non-equivalent. For example, according to Pavlenko (2009) 
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privacy and personal space does not exist in Russian. Even though there are few absolutely 

conceptual equivalents, one would often perceive them as more or less equivalent and thus 

allow for translations or interpretations between languages.  

 

 

Figure 1. Example of partially conceptual equivalents in Danish, German and French, adapted from Hjelmslev 
(1943, p. 50) 

 

On the basis of conceptual equivalents, Pavlenko (2009) proposes the Modified Hierarchical 

Model, see Figure 2. The model includes specific conceptual lexicon for both languages and 

shared conceptual lexicon for both languages. That is to say, bilinguals have two separate, but 

partly interacting, lexicons. The specific lexicons for the first language (L1) and second 

language (L2) depict the conceptual non-equivalents and language-specific use of the partially 

conceptual equivalents. Shared categories are the concepts that are shared, or partially shared, 

between the languages. These concepts have target-like performance, and are perceived the 

same for bilinguals and monolinguals. For instance, the English cup and the French tasse are 

corresponding more or less to the same concept (Pavlenko, 2009). The arrows between the 

languages and the lexicon in the figure represent the conceptual links that are shared concepts 

in the two languages. However, these concepts are shared by bilinguals but not by 

monolinguals, and lead to non-target-like performance. The use of words from one language 

in the other language is seen as conceptual transfer. There are two kinds of transfer: semantic 

and conceptual. An example of semantic transfer is if a Finish-speaker learning English uses 

the word language, when meaning tongue (e.g. He bit himself in the language), because 

tongue in English can refer to both language and tongue (the body part) (Pavlenko, 2009). It 

would be a conceptual transfer if an English-speaker learning Russian would use chashka 

(similar to a cup), when referring to a plastic or paper cup, because the concept of chashka 

does not include plastic and paper drinking containers (Pavlenko, 2009).  
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Figure 2. The Modified Hierarchical Model, borrowed from Pavlenko (2009, p. 147) 

 

Based on the fact that bilinguals rarely are balanced (Grosjean & Byers‐Heinlein, 2018), and 

at any rate not be balanced within all domains (Grosjean, 1997), and the differences between 

lexical representations in different languages one would expect that language prediction 

would depend on exposure to a specific language. 

2.3 Prediction during sentence comprehension from a 
usage-based perspective 

As mentioned in the Introduction, prediction is when the language user anticipates linguistic 

content before it has been uttered. A theoretical model that attempts to describe this process 

and at the same time fits well with a usage-based approach is the multiple-mechanisms model 

(Huettig, 2015). Like Bybee (2010) and Langacker (1987), Huettig (2015) bases this model 

on language use, stressing the importance of the individual representations of language, social 

contexts, and the role of language use in language development. 
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In the multiple-mechanisms model, prediction of upcoming linguistic content can be based on 

different linguistic elements, which are commonly called cues in studies about prediction 

(Huettig, 2015; Rommers, Meyer, & Huettig, 2015). The cues can, for example, be phonetic, 

prosodic, morpho-syntactic, or semantic. Prediction of upcoming linguistic content can also 

be based on social and/or visual contexts (G. Kuperberg & Jaeger, 2016). The linguistic 

elements that are commonly predicted are called contents (Huettig, 2015; Rommers et al., 

2015). Contents can, for example, be semantic, morpho-syntactic, or phonetic. For instance, 

the cues can be semantically constraining verbs (e.g., drinks, eats) and the contents could be 

nouns (e.g., water, apple) that are thematically fitting with the verb. The cues and contents are 

closely related.  

Underlying mechanisms for language prediction 

The underlying factors that make prediction of upcoming linguistic elements possible are 

commonly called mechanisms (Huettig, 2015; Rommers et al., 2015). There is an ongoing 

discussion about what types of mechanisms that contribute to the ability to predict: two-

systems accounts, one-system accounts, production-based, associations-based, and multiple-

mechanisms models. The multiple-mechanisms model by Huettig (2015) fits well within the 

current theoretical framework, as we will see below. 

The multiple-mechanisms model suggests that multiple mechanisms contribute 

simultaneously to the ability to predict what another person is about to say (Huettig, 2015). 

Huettig (2015, p. 125) suggests that there are at least four mechanisms, and introduces PACS: 

production-, association-, combinatorial-, and simulation-based prediction. Language 

production plays a part in prediction. Since production is part of the predictive process it 

could explain why it is so normal to finish other people’s sentences out loud or in the mind, is 

due to the well established production system (Huettig, 2015).  

Associations also play a part in language prediction. Associations are automatic and fast, and 

without much voluntary control. Bar (2007, 2009) suggests that associations stored in the 

memory and statistical information from past experiences contribute to prediction of 

upcoming linguistic contents. Therefore, prediction would be individual, as it is depends on 

the frequency of two or more linguistic contents occurring together in past experiences of 

each person. There are clear similarities with a usage-based theory, which implies that the 
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mental representations of word chunks are strengthened by repetition and frequency of use 

(Bybee & Beckner, 2010). 

In contrast to associations, which are automatic and with little control, combinatorial 

mechanisms are “linked to more effortful active reasoning” (Huettig, 2015, p. 122). 

Kuperberg (2007) describes the combinatorial mechanisms as a processing stream, where 

combinations of words build up to a higher-order meaning. This stream, she suggests, is 

shared between production and comprehension.  

Further, Huettig (2015) proposes that simulation is an underlying mechanism of language 

prediction. This is because the likelihood that an event is easier to predict is connected to how 

easy it is to simulate it (Tversky & Kahneman, 1973). One uses mental imagery to predict 

event simulations. Likewise, one can use mental imagery of objects and events to predict 

linguistic contents (Huettig, 2015). Huettig (2015) emphasizes that simulation of objects or 

events is not a necessary part of prediction, but that it facilitates it.  

To conclude, Huettig proposes that these mechanisms “are constantly interrelated and 

interacting with each other” (2015, p. 127). To connect the model to a usage-based theory, 

one can assume that the more one encounters a word, the stronger its mental representation 

gets and, consequently, language prediction should be better for these words. It should be 

stronger because of the frequency-effect and clearer because one knows more contexts for 

these words. To sum up, the main idea of the multiple-mechanisms model is that there are 

multiple underlying factors contributing simultaneously to prediction.  

Mediating factors for language prediction  

In addition to PACS, Huettig (2015) proposes that the predictive ability is influenced by 

mediating factors. It is still not certain what mediating factors contribute to the predictive 

ability of upcoming linguistic elements, but Huettig (2015) proposes that individual 

differences such as general processing speed, working memory, and age are mediating factors 

for the predictive ability. General processing speed is how quickly linguistic and non-

linguistic information is processed by an individual (Huettig, 2015). Working memory is 

simultaneously “holding information in mind and mentally working on it” (Diamond, 2013, p. 

142). There are several studies showing a relationship between auditory language 

comprehension and working memory (Daneman & Merikle, 1996; Ivanova, Dragoy, 
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Kuptsova, Ulicheva, & Laurinavichyute, 2015). Ivanova et al. (2015, p. 646) argue that 

“WM’s [working memory’s] contribution to language comprehension is particularly evident 

as comprehension entails constant dual-tasking: storage of intermediate products of 

comprehension and the concomitant processing of incoming serial input”. The same logic can 

be used to assume a relationship between working memory and prediction: preceding 

information should be stored and constantly updated for producing accurate predictions. 

Working memory is related to other cognitive processes, such as inhibition and task-switching 

(Diamond, 2013; Miyake et al., 2000). Inhibition underlies selective attention and the ability 

to maintain task goals (Diamond, 2013; Miyake et al., 2000). Task-switching is the ability to 

successfully switch from one task to another, the former task needs to be suppressed in 

addition to perform the new (similar) task (Miyake et al., 2000). These three cognitive 

processes (working memory, inhibition, and task-switching) are related (Miyake et al., 2000). 

Inhibition and working memory generally need one another (Diamond, 2013). For example, 

working memory supports inhibition because it is necessary to hold a goal in mind to know 

what to inhibit and what to focus on. Task-switching builds on both inhibition and working 

memory, as task-switching relays on the ability to inhibit the previous perspective (task) and 

load a new perspective (task) into working memory (Diamond, 2013, p. 149). However, there 

are still uncertainties around the composition and organizations of these three cognitive 

processes (Lehtonen et al., 2018). 

In addition to the individual differences, the situational context could be a mediating factor 

(Huettig, 2015). For instance, the place, time and visual objects could influence the predictive 

ability. For example, being able to see objects that are being talked about could enhance the 

predictive ability. To sum up, the predictive ability is influenced by individual differences, 

such as cognitive control and general processing speed, in addition to the situational context.  

2.3.1 Prediction and bilingualism  

When it comes to theoretical approaches on the predictive ability in bilinguals, we only have 

theories on prediction and L2 acquisition in adults to lean on. Kaan (2014) proposes that L2 

learners have the same underlying mechanism for prediction as native speakers, but that these 

same mechanisms prevent efficient prediction for L2 learners, and therefore L2 learners show 

a weaker ability to predict or don't predict at all. Similarly to Huettig’s model described 
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above, Kaan’s proposal works well within the current theoretical framework, because it is 

focusing on associations and frequency, among other mechanisms. 

Kaan proposes that language users are constantly exposed to language, and that they store the 

frequency of how often linguistic information occurs in the same context. With a lot of 

exposure to a language, native speakers associate certain linguistic elements with each other. 

Since L2 learners have had less exposure to L2, they have weaker associations, and thus less 

chance to predict upcoming linguistic elements (Kaan, 2014).  

Further, Kaan suggests that competing information is a factor that should be taken into 

account in prediction models. Both monolinguals and L2 learners activate competing lexical 

information during language prediction. L2 learners activate lexical information in both 

languages, especially when using the weaker language they tend to activate lexical 

information from the stronger language. Since the activation of competing information is 

larger for L2 learners, it may affect their ability to predict so that prediction may occur slower 

or not at all (Kaan, 2014).  

Kaan argues that the language users’ lexical representations, or the quality of these 

representations, also have an effect on the ability to predict. The quality of lexical 

representations refers to the stability and accuracy of the language users’ knowledge of the 

words, like the word’s form, meaning, and use (Kaan, 2014). Having high quality lexical 

representations means less confusion with other words. As mentioned above, L2 learners have 

less exposure to each language, and less exposure could lead to weaker associations and 

underrepresentation of low-frequency words (Kaan, 2014). Increased proficiency would 

therefore lead to increased predictive ability. However, there are probably huge individual 

differences, both among native speakers and L2 learners.  

Kaan’s proposal is for adult L2 learners. To the best of my knowledge, there is no elaborated 

theory on how prediction develops in young bilingual children. I would argue that adult L2 

learners and young bilingual children have had different exposure to the languages and 

process language differently, also young children might still be developing the ability to 

predict. However, based on Kaan’s proposal young bilingual children may predict slower or 

not at all in the weaker language, at least if one of the languages is much weaker than the 

other, due to less exposure and therefore weaker associations. 
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2.4 Summary  

Children develop language(s) from language exposure and language use. Because mental 

representations emerge from language use, and are therefore individual, children have 

different mental representations than adults. The mental representations are presumably stored 

in a practically unlimited memory. Children learn nouns faster than other word classes, but 

first of all they develop words that are salient in social-pragmatic situations.  

Bilingual children develop within two languages simultaneously or sequentially, and often use 

their languages in different domains, and will therefore have complementary competence 

across the languages. There are few absolute conceptual equivalents, and the Modified 

Hierarchical Model postulate separate lexicons for each language, as well as a shared lexicon 

with shared concepts.  

Children can predict language contents based on linguistic cues. For instance, children can 

predict nouns based on certain verbs, on the basis that they have acquired the noun and the 

verb. The multiple-mechanisms model suggests that there are various underlying mechanism 

of prediction: production-, association-, combinatorial-, and simulation-based prediction. For 

instance, associations based on the frequency of two items occurring together, and are thus 

individual. Kaan suggests that the same mechanisms that make it possible for native speakers 

to predict, prevent efficient prediction for L2 learners. L2 learners have had less exposure, and 

therefore less word frequency in the L2 language. At the same time, they have more 

competing information that becomes activated when they process the L2 language.  

In the next chapter, I will present previous studies about prediction during sentence 

comprehension, underlying mechanism, in addition to some studies about lexical development 

and studies of cognitive control in children.  

  



19 
 

3 Previous research 
This chapter will summarize previous studies on language prediction, and briefly discuss 

relevant literature on bilingual lexical development as well as cognitive control. Given that 

the topic of this thesis is verb-mediated prediction, the section about previous research on 

language prediction will focus on studies where verbs were used as predictive cues. However, 

there are currently not that many studies about prediction in general, and even fewer about 

verb-mediated prediction. Therefore, other relevant studies about prediction have been 

included as well. In addition, the focus will be on eye-tracking studies using the visual world 

paradigm (see Section 1.2 for a description of the visual world paradigm). As was mentioned 

in the previous chapter, there are various underlying mechanisms that contribute to language 

prediction. This chapter will focus on one of these mechanisms, namely language production. 

In this chapter, Section 3.1 will summarize studies about prediction during sentence 

comprehension, focusing on verb-mediated prediction, and studies on bilinguals (the latter in 

Section 3.1.1). In Section 3.2, studies on language prediction and its underlying mechanisms 

are presented. Additionally, I will briefly review relevant experimental findings on early 

lexical development. In Section 3.3, I will review the only existing study (to the best of my 

knowledge) on language prediction and mediating factors. Additionally, I will summarize 

findings from studies on assessment of cognitive control in children. Section 3.4 provides a 

summary of the whole chapter, identifies several gaps in existing research, and, finally, 

outlines the research questions of the present study. 

3.1 Prediction during sentence comprehension 

A growing body of research has focused on the investigation of the cues and contents 

involved in language prediction (see Section 2.3 for an explanation of cues and contents). For 

instance, Altmann and Kamide (1999) studied adults’ ability to predict based on semantically 

constraining verbs, such as eat. The participants were presented with semi-realistic pictures 

(e.g., showing a boy, a cake, a ball, a train, and a car), while listening to sentences such as The 

boy will eat/move the cake. The researchers found that the participants moved their eye gaze 

towards the cake faster upon hearing the constraining verb eat than the more neutral verb 

move. The researchers concluded that the sentences processing of the participants was driven 

by the predictive relationship between the verbs and the nouns.  
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Another study of verb-mediated prediction, using the visual world paradigm, was done by 

Hintz, Meyer and Huettig (2017). The adults participating in the study looked at four objects 

on the screen, while listening to sentences with either a constraining or a neutral verb, The 

man peels/draws an apple. Only one of the four objects depicted on the screen was associated 

with the presented sentence. The participants looked faster towards the target object when 

they heard a constraining verb than when they heard a neutral verb.  

Other studies have provided evidence for prediction based on syntactic structure, for example 

Arai and Keller (2013). The adults participating in their study heard sentences with transitive 

verbs, such as Surprisingly, the nun punished the artist, or intransitive verbs Surprisingly, the 

nun disagreed with the artist, or Surprisingly, the nun disagreed with the artist and the kettle. 

At the same time, the participants were looking at a picture of a nun, an artist, and a kettle. 

The participants looked faster towards the target picture when hearing the transitive verb than 

the intransitive verb. The researchers concluded that the participants predicted direct objects 

based on transitive verbs.  

In a study by Kamide, Altmann, and Haywood (2003), the participants heard sentences such 

as The girl/man will ride the carousel/motorbike or The girl/man will taste the sweets/beer, 

while simultaneously looking at a scene with a man, a girl, a carousel, a beer, and sweets. The 

participants looked faster towards the motorbike after hearing The man will ride… than 

towards the carousel or the beer. At the same time, they looked faster towards the carousel 

after hearing The girl will ride…. The researchers concluded that the participants used their 

real world knowledge to predict upcoming nouns, because a man is more likely to ride a 

motorbike than a carousel, and a girl is more likely to ride a carousel than a motorbike. This is 

related to frequency of co-occurrences: the participants have probably encountered men on 

motorbikes and girls on carousels more often than vice versa. The researchers concluded that 

the participants combined the information from the subject, the verb, and their real world 

knowledge to predict the upcoming nouns.  

Studies have also investigated the predictive ability in children. For instance, Borovksy, 

Elman and Fernald (2012) investigated the ability to predict upcoming sentential themes 

based on combinatory information from an agent and an action in children aged 3-10 years. 

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. 

Regardless of age, the children were able to predict the upcoming sentential theme. The 
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researchers concluded that the children in the ages between 3 and 10 years could predict 

nouns based on the verbs and the sentential theme.  

Lukyanenko and Fisher (2016) also conducted a study with children. They investigated if 

children aged 2;6 and 3 years could predict based on morphosyntactic cues. The children saw 

two pictures at the time (e.g. one apple and two cookies), while hearing sentences with a 

morphosyntactic cue Where are the good cookies? or without a morphosyntactic cue Do you 

see the good cookies?. In the sentences with a morphosyntactic cue all the children fixated the 

target picture faster than when hearing the sentences without morphosyntactic cues. Thus, 

children as young as 2;6 years have the ability to predict. However, there was a speed 

difference; the 3-year-olds were faster than the 2;6-year-olds. 

This previous studies provide evidence that children and adults have the ability to predict 

upcoming linguistic contents. Children at the age of 3 were faster than children at the age of 

2;6 years, which indicates that the ability to predict is developing at least until the age of 3. 

3.1.1 Prediction and bilinguals  

As mentioned in the previous chapter, currently there are few if any studies of the predictive 

ability in bilingual children. However, several studies have investigated predictive ability 

among adult second language (L2) learners, and adult bilinguals. Most of the studies have 

concentrated on prediction based on gender articles, while others have investigated verb-

mediated prediction.  

Research about the predictive ability in a L2 has conflicting findings; some studies indicate 

that L2 learners do not predict in their L2, while other studies provide evidence that they do. 

For instance, in a study by Lew-Williams and Fernald (2010) the L2 learners did not predict 

nouns based on gender markers in their L2. The authors compared adult English-speaking L2 

learners of Spanish with adult native Spanish speakers, to see if they used grammatical gender 

to predict nouns. Spanish have two genders, masculine el and feminine la, which precede the 

noun. The participants were presented with sentences with either masculine or feminine 

nouns, such as ¿Dónde está la pelota? ‘Where is the ball?’ or ¿Dónde está el zapato? ‘Where 

is the shoe?’. At the same time they were shown two pictures, either the pictures depicted 

nouns with the same gender or opposite genders. In trails were the pictures depicted nouns 

with different genders the native speakers looked at the target picture before it was mentioned. 
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The L2 learners, however, did not use the gender marker to predict the nouns. Before the eye-

tracking study, the L2 learners were tested in the gender of the nouns that were used in the 

study. Lew-Williams et al. concluded that even though the L2 learners knew the correct 

genders, they could not use them to predict the upcoming nouns. 

Another study found that L2 learners can predict nouns based on gender cues, or sometimes 

predict, in a native-like manner in their L2. Dussias, Kroff, Tamargo, and Gerfen (2013) also 

investigated the ability to predict based on grammatical gender to predict nouns. Dussias et al. 

compared adult native Spanish speakers with two groups of adult English-speaking L2 

learners of Spanish; highly proficient and less proficient, and a group of adult Italian-speaking 

Spanish learners. Like in Spanish, there are two genders in Italian. Thus, Italian is closer 

related to the target language than English is. The participants heard sentences with either 

masculine or feminine nouns, such as El estudiante estaba dibujando el reloj que vio ayer. 

‘The student was drawing the clock that he saw yesterday ’, while looking at two pictures, 

depicting nouns with the same or different gender. The highly proficient L2 learners, ass the 

monolinguals, predicted nouns based on grammatical gender, whereas the less proficient L2 

learners did not. The group of adult Italian-speaking L2 learners only predicted nouns when 

they heard the feminine articles, but did not predict nouns when they heard the masculine 

article.  

In a study in Norway, participants could predict based on grammatical gender markers. 

Lundquist and Vangsnes (2018) investigated if high school students could use gender markers 

to predict upcoming nouns in the Sogn and Oslo dialect. Lundquist et al. conducted the study 

with three groups; one group with students from Oslo, and two groups of dialect speakers of 

Sogn which were defined as “stable dialect speakers” (who consider themselves speaking 

similar to other students and the parent generation) and “unstable dialect speakers” (who did 

not consider themselves to speak like the other students or as their parents). In Norway, there 

are two written forms; Bokmål and Nynorsk. The Sogn speaking students typically use 

Nynorsk, but encounter Bokmål from an early age, as Bokmål is the dominant written 

language in the country. The Oslo students typically use Bokmål, and only encounter Nynorsk 

when they start learning it at school at the age of 14. The Sogn dialect distinguishes between 

three genders (masculine, feminine and neutral), while the Oslo dialect only distinguishes 

between two, because the masculine and feminine marker have merged together. All students 

participated in two eye-tracking experiments, one time in each dialect. In both experiments, 
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the students saw a preview of two objects, with either the same or different gender. In the 

preview, the objects were named without the article. Then the pictures disappeared, and a 

cartoon appeared on the middle of the screen, saying: I’m hiding behind a [noun], and then 

the pictures would reappear. The students were asked to look at the noun the cartoon was 

hiding behind. The students from Oslo were the most monolingual-like group, and they could 

only use the gender marker to predict in their own dialect. Both the Sogn dialect groups 

predicted based on gender markers in both dialects. Not surprisingly, the stable dialect group 

predicted faster in the Sogn dialect than in the Oslo dialect. The unstable dialect group 

predicted to the same extent and the same efficiency in both dialects. Surprisingly they 

predicted in Sogn mode like they predicted in Oslo mode, meaning they predicted in Sogn 

mode like the masculine and feminine gender were merged together.  

Dijkgraaf, Hartsuiker, and Duyck (2017) investigated verb-mediated prediction in bilingual 

and monolingual adults. The two groups constituted of English monolingual and bilingual 

Dutch-speakers with L2 English. The participants were presented with sentences with either a 

semantically constraining or a neutral verb, such as; Mary reads/steals a letter. At the same 

time, the participants were watching four pictures were only one of them was appropriate after 

the constraining verb, but all of them were appropriate after the neutral verb. The bilinguals 

were presented with stimuli in both Dutch and English, while the monolinguals were only 

presented with the stimuli in English. In addition to the eye-tracker test, monolinguals and 

bilinguals performed a LexTALE vocabulary knowledge test, and self-rating of speaking, 

listening and reading skills in Dutch and English. Dijkgraaf et al. found that monolinguals 

(only in English) and bilinguals (in both languages) predicted upcoming nouns based on 

semantically constraining verbs. They also found that the bilinguals predicted slightly slower 

in both languages compared to monolinguals. In addition, they found that the scores from the 

vocabulary test did not correlate with the predictive ability.  

To sum up, verb-mediated prediction in bilingual children has received little attention. 

Previous studies with L2 learners show that highly proficient L2 learners can predict in a 

native-like manner, whereas less proficient L2 learners does not predict in their L2.  
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3.2 Prediction and underlying mechanisms  

As mentioned in the Theory chapter, when following the PACS: production-, association-, 

combinatorial-, and simulation-based-model there are at least four underlying mechanisms 

that contribute to the ability to predict during sentence comprehension. The first studies of 

prediction during language processing focused on cues and contents. However, over the 

recent years more and more studies have provided evidence for different underlying 

mechanisms. I will focus on language production as an underlying mechanism. 

Mani and Huettig (2012) investigated the link between language prediction and productive 

and receptive vocabulary sizes of 2 years old children. Mani et al. investigated the children’s 

ability to predict based on semantically constraining verbs. The children were presented with 

sentences such as The boy eats/sees the big cake while they looked at two pictures at the 

screen, a picture of a cake and a distractor picture, where only the cake was edible. To test the 

children’s productive and receptive vocabulary sizes the children’s caregivers filled out the 

vocabulary section for receptive and productive vocabulary of the German parental 

communicative inventory reports. Mani et al. reported that there was not a correlation 

between the children’s ability to predict and their receptive vocabulary. At the same time, 

there was a positive correlation between their ability to predict and their productive 

vocabulary. The children with higher production skills looked towards the target pictures 

faster in the conditions with a constraining verb, than in conditions with neutral verbs. While, 

the children with lower productive vocabulary did not show signs of predicting nouns based 

on semantically constraining verbs. Thus, Mani et al. concluded that production, but not 

comprehension, is an underlying mechanism of language prediction. 

Mani, Daum & Huettig (2016) also investigated the role of language production and 

comprehension as underlying mechanisms to the ability to predict, but they also included 

word associations. Mani et al. run a study with 2-year-olds. The children were presented with 

sentences with semantically constraining verbs, such as The boy reads now a book/ letter/ 

cheese, where book has a strong association to the verb, letter has a weak association to the 

verb, and cheese has no association to the verb. At the same time, the children were looking at 

two pictures; they either saw one of the associative arguments (a book or a letter) and the 

argument without associations to the verb (a cheese), or they saw the two associative 

arguments (a book and a letter). The caregivers were asked to rate how much their child 
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associated the verbs used in the test with different nouns. Additionally, the caregivers filled 

out the vocabulary section of the German parental communicative inventory reports, to 

compare the children’s productive and receptive vocabulary sizes to their ability to predict 

nouns based on cues from the verbs. The results of the study showed that the 2-year-olds 

looked towards the target picture before the nouns was mentioned more often in the sentences 

with a strong association (book) between the verb and the noun, than with a weak association 

(letter). There was only a positive correlation between higher productive vocabulary size and 

prediction in cases with one of the associated arguments (e.g. book or letter) and an unrelated 

argument (e.g. cheese), and not when an argument with a strong association (e.g. book) and 

weak association (e.g. letter) appeared together, or a weak associated argument (eg. letter) and 

an unrelated argument (e.g. cheese). At the same time, there was no correlation between 

prediction and receptive vocabulary size. Mani et al. concluded that it was easier for the 2-

year-olds to predict when there were a strong association between the verb and the noun. In 

addition, they concluded that higher productive vocabulary sizes had a positive correlation 

with prediction of upcoming nouns based on verbs, whereas receptive vocabulary did not 

have a correlation.  

In the study of adults by Hintz, Meyer and Huettig (2017) described above, a lot of underlying 

mechanism were investigated: functional associations and general associations between the 

verb and the target object, receptive vocabulary, production fluency, and nonverbal 

intelligence. The participants rated the strength of functional associations between verbs and 

nouns. They were also asked to write down the first three nouns that came to mind after 

hearing a word, to test their general associations between verbs and nouns. The participant’s 

receptive vocabulary were tested by the Peabody vocabulary test, and their productive 

vocabulary were tested by the verbal fluency task. In addition, their nonverbal intelligence 

were tested by Raven’s Advanced Progressive matrices. The adult participants were presented 

with sentences such as The man peels/draws an apple, while looking at four pictures, where 

only the apple could be peeled. Hintz et al. found a positive correlation between the 

participants’ ability to predict and functional associations, receptive vocabulary, production 

fluency, and nonverbal intelligence. However, there was only a weak correlation with 

nonverbal intelligence. The researcher did not find a correlation between general word 

association and the predictive ability. 
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These previous studies provide evidence that productive vocabulary is an underlying 

mechanism for the predictive ability. How strongly words are associated with each other also 

affect the ability to predict. Since productive vocabulary is assumed to be an underlying 

mechanism of the ability to predict during sentence comprehension, I will briefly summarize 

central previous studies about early lexical development.  

3.2.1 Early lexical development 

Large-scale studies have shown remarkable similarities across languages when it comes to 

early language development, such as early milestones and lexical development, but also that 

there is large variation between children (Fenson et al., 1994; Simonsen, Kristoffersen, 

Bleses, Wehberg, & Jørgensen, 2014). Simultaneous bilingual children develop languages in 

a similar way as monolingual children (Grosjean & Byers‐Heinlein, 2018). Bilinguals develop 

early milestones, such as producing the first word or two word sentences, at a similar 

timeframe as monolinguals. Monolinguals produce their first word around their first birthday, 

and two word sentences around 18 months (Saxton, 2010). For instance, in a study by Petitto 

et al. (2001), bilingual children produced their first word between the age of 10 and 14 

months, and started producing two words sentences between 17 and 20 months. As previously 

mentioned, variation between children in language development is expected both in 

monolinguals and bilinguals. Both bilinguals and monolinguals have a larger receptive 

vocabulary than productive vocabulary.  

Compared to monolinguals, bilinguals might know fewer words in their weaker language. 

Bialystok, Luk, Peets, and Yang (2010) found that bilingual children in the age from 3 to 10 

years knew fewer words relevant to a home context than monolingual children, because the 

bilingual children used another language at home. Even though bilinguals know fewer words 

within one domain, they also have conceptual equivalents across the languages. Conceptual 

equivalent are words from the two languages that denote the same concept. For bilinguals the 

total conceptual vocabulary would not necessarily coincide with the amount of words they 

know. This is because bilinguals can understand two words for the same concept, for example 

the English hat and the French chapeau, both denote the same object. The total conceptual 

vocabulary for monolinguals, however, would be the same as the amount of words they 

understand. In a study, De Houwer et al. (2014) compared the receptive and the productive 

vocabulary of monolinguals and bilinguals using the parental questionnaire MacArthur-Bates 
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Communicative Development Inventories Words and sentences for both languages. The 

results showed no differences between the monolingual and bilingual group, when looking at 

both languages for the bilinguals. 

Bilingual children get less exposure to each language compared to monolingual children, 

because their time is divided between the languages (Grosjean & Byers‐Heinlein, 2018). To 

some degree, bilingual children may be able to transfer some language knowledge from one 

language to the other, and could thus compensate for some of the lost language exposure. 

However, some studies suggest that bilingual children develop their two languages rather 

independently. For instance, in a longitudinal study of bilingual toddlers Conboy and Thal 

(2006) reported that an increase in vocabulary size in one language led to grammatical 

development in the same language, but not in the other language. To sum up, although 

bilingual children simultaneously develop their two languages, it can be assumed that they 

develop them – at least to some extent – separately (Conboy & Thal, 2006).  

3.3 Prediction and cognitive control 

As mentioned in the previous chapter, general cognitive control is proposed to be a mediating 

factor of language prediction. One study that has investigated the role of two of the mediating 

factors in the ability to predict during sentence comprehension is that of Huettig and Janse 

(2016). They investigated the role of working memory and general processing speed, on the 

ability to predict. General processing speed is to say the individual differences in how quickly 

linguistic and non-linguistic information is processed. Working memory was assessed by 

auditory non-word repetition task, backwards digit span task, and Corsi block tapping task. 

The general processing speed was tested by digit-symbol substitution test and letter 

comparison task. In addition, they controlled for non-verbal intelligence. The adults 

participating in the study heard sentences with either common de or neuter net gender nouns 

such as kijk naar de afgebeelde piano ‘look at the displayed piano’ or kijk naar het afgebeelde 

paard ‘look at the displayed horse’. At the same time they were looking at four pictures, 

where only the target picture had the gender that was mentioned in the sentence. Huettig and 

Janse found that both working memory and general processing speed could explain the 

majority of the individual differences in language prediction. The adults that scored higher on 

working memory and general processing speed tasks also predicted at a higher speed than the 
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adults that scored lower on these tasks. Huettig and Janse did not find any evidence that non-

verbal intelligence was a mediating factor for the ability to predict based on gender cues.  

 

Mediating factors, such as working memory, might explain individual differences in how fast 

and good adults are to predict during sentence comprehension. Since cognitive control may 

have a role in the ability to predict during sentence comprehension the next section will 

summarize a few studies of assessment of cognitive control in children. 

3.3.1 Testing of cognitive control in children 

As mentioned in the Theory chapter, different cognitive control processes are related. For 

instance, working memory supports inhibition, as it is necessary to remember what the goal of 

the current task is. Task-switching builds on both inhibition and working memory, because to 

be able to switch to a new task one must inhibit the previous task and update working 

memory with the new task (Diamond, 2013). Thus, it is difficult to develop a cognitive 

control task which would measure only one specific cognitive control process (Valian, 2015).  

Previous studies investigating cognitive control in young children have used a variety of 

cognitive control tasks. The majority of these tasks are designed for children from 3 years and 

older. However, there are a few cognitive control tasks for infants. For instance, Cuevas, Bell, 

Marcovitch, and Calkins (2012) investigated working memory of infants at the age of 5 and 

10 months. The researches recorded EEG and heart rate during baseline and performance on 

the looking A-not-B task. In looking A-not-B task, infants are supposed to search with their 

eyes for a hidden desirable object in a series of displacements, and thus need to inhibit the 

urge to look back to a previous hiding place. The researchers found that infants at the age of 

10 months could update information in their working memory, while infants at 5 months 

could not. The researchers thus concluded that there is a development of the working memory 

between the age of 5 months and 10 months.  

One example of tasks primarily measuring inhibitory control is the day-night task for children 

aged 3;6 to 7 years (Gerstadt, Hong, & Diamond, 1994). In this task children are asked to say 

day when they see a card with a moon, and night when they see a card with a sun, and thus 

need to inhibit semantically related competitors (i.e., saying day for the sun picture, and 

saying night for the moon picture). Diamond, Kirkham, and Amso (2002) administered the 

day-night task to children at the age of 4 and 4;6 years. The children performed better when 
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they were instructed to say pig and dog (semantically unrelated to the sun and moon on the 

cards) than when they were instructed to say day and night.  

Task-switching can be measured by the Dimensional Change Card Sort test (DCCS; Zelazo, 

Frye, & Rapus, 1996). In the DCCS, children are first asked to sort the cards by one 

dimension, for example color, and then by another dimension, for example shape. 3 years old 

children can sort flawlessly by the first dimension, regardless if they sort by color or shape 

first, but 3-year-olds fail to switch in the other dimension even though they know the new 

dimension is relevant and they know the rules for the new dimension (Doebel & Zelazo, 

2015). However, Diamond, Carlson, and Beck (2005) found that children as young as 2;6 

years can switch to the second dimension in a separated-dimension version. In this version, 

colorless shapes are presented on colored backgrounds, so the color is not a property of the 

shape.  

To sum up Section 3.3, people with stronger cognitive control might be better at predicting 

during sentence comprehension. A variety of tasks can be used to assess cognitive control 

processes which, in turn, are interrelated. Thus, it is challenging to define cognitive control 

tasks that do not tap into only one of the cognitive control processes exclusively. 

3.4  Summary and research questions  

The literature reviewed in this chapter provides evidence that children and adults have the 

ability to predict upcoming linguistic contents. Even children as young as 2 years can predict 

nouns based on semantic cues from verbs, however, not all children at this age showed this 

ability. It has also been shown that 3-year-olds were faster to predict than 2;6-year-olds. 

Based on these findings, it can be assumed that the ability to predict is not fully developed at 

the age of 2.  

 

Previous studies with L2 learners show that highly proficient L2 learners can predict in a 

native-like manner. Previous studies with lexical development with bilinguals children, show 

that an increase in vocabulary size in one language only lead to better grammar in the same 

language.  
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Existing studies provide evidence that the productive vocabulary size had a positive 

correlation with the ability to predict: adults and children with higher vocabulary sizes 

predicted upcoming linguistic contents better. In addition, mediating factors, such as speed of 

processing and working memory, were shown to correlate positively with the ability to predict 

in adults. Therefore, also children with stronger cognitive control could have better ability to 

predict. By administering a task-switching task, the task also taps into working-memory and 

inhibition. 

 

So far, prediction during language comprehension as well as its underlying mechanisms and 

mediating factors in young bilingual children (under the age of 3 years) has received no 

attention. Since in this age group, the ability to predict during sentence comprehension as well 

as lexical abilities are developing, it should be possible to investigate if productive vocabulary 

sizes and mediating factors (i.e., cognitive control) have a role in the development of the 

prediction skills. Studying bilingual children makes it possible to separate the mediating 

effects of language skills and cognitive control on the predictive ability in each language 

separately. 

 

Based on the previous research presented in this chapter and the current theoretical 

framework, I present the following three research questions and hypotheses:  

 

1. Can 2;5-3;3 years old Norwegian-English bilingual children use verb meanings to 

predict upcoming noun arguments in Norwegian and/or English?   

 

Based on the previous studies mentioned above, it can be hypothesized that children aged 2;5 

to 3;3 can predict noun arguments based on semantically constraining verbs. Few bilinguals 

are balanced between their languages, therefore a difference in predictive ability between the 

two languages may be expected. To specify, we can expect that the children will have better 

predictive ability in their dominant language. 

 

2. Is there a relationship between the predictive ability in each language and the 

relevant productive vocabulary? 
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Previous studies have found a correlation between the ability to predict upcoming linguistic 

content and productive vocabulary. Other previous studies with bilingual children have 

provided evidence that an increase in vocabulary size in one language only leads to better 

grammar in the same language, which indicates that the two languages develop 

independently. Therefore, one could expect a positive relationship between the predictive 

ability and productive vocabulary size in the same language, meaning that the children with 

higher productive vocabulary sizes would be better at prediction. 

 

3. Is there a relationship between the predictive ability in each language and cognitive 

control? 

 

Previous studies have shown a positive relationship between working memory and the ability 

to predict. Therefore, we may expect a positive relationship between task switching and the 

ability to predict.  
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4 Methods  

In this chapter, the methods to collect the data, experimental setup, procedure, participants, 

and statistical analysis are presented. To test whether young bilingual children are able to 

predict upcoming nouns based on semantically constraining verbs, an eye-tracking sentence 

comprehension task employing the visual world paradigm was used. To collect information 

on children’s language background the caregivers were asked to fill out the electronic 

questionnaire of the revised version of the Parent of Bilingual Children Questionnaire 

(PaBiQ) (COST Action IS0804, 2011; Norwegian version; Hansen & Simonsen, 2016). To 

collect the children’s productive vocabulary sizes in Norwegian and English the caregivers 

were asked to fill out the electronic questionnaires of the MacArthur-Bates Communicative 

Development Inventories Words and sentences (CDI II)3 for 16-36 months old children in 

Norwegian (Kristoffersen & Simonsen, 2012), and for 16-30 months old children in English 

(Fenson, Marchman, Thal, Dale, & Reznick, 2007). The cognitive functions were measured 

by the standardized Dimensional Change Card Sorting (DCCS) task (Zelazo, Frye, & Rapus, 

1996). The eye-tracking task and the DCCS were piloted before the data collection, while the 

PaBiQ and the CDI are standardized questionnaires and were therefore not piloted.  

In Section 4.1, participants will be described. In Section 4.2 task procedures, details of the 

pilot study on bilingual adults as well as ethical considerations are presented. Details of the 

eye-tracking task including its stimuli can be found in Section 4.3. Then in Section 4.4 the 

DCCS is described. Section 4.5 is devoted to the description of the PaBiQ and CDI. Details of 

the statistical analysis are presented in Section 4.6. Lastly, Section 4.7 serves as a summary of 

the whole chapter.  

4.1 Participants  

The participants were recruited based on the criteria that they spoke Norwegian and English, 

and were between the ages of 2;5 and 3;3 years. The experimental group was comprised of 16 

Norwegian-English bilingual children (44% female) aged 2;5 to 3;3 years (M age = 2;8, SD = 

0.27). 17 children participated, but one child was excluded due to not pointing to the target 

picture at the end of each trails, and therefore not allowing the experimenter to decide whether 

                                                 
3 Since only CDI II was used in this study, for the remaining of this thesis CDI will be used to refer to CDI II .  
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the child understood the stimuli or not. All 16 children were recruited from the Oslo area via 

e-mails to kindergartens, posts on Facebook, as well as via personal contacts.  

All of the children lived in the Oslo area, and thus lived in a Norwegian speaking society. All 

of them except for two children had heard both Norwegian and English from birth. Out of 

these two, one child was exposed to Norwegian from the age of 12 months, while the other 

child heard Norwegian from her grandmother from the age of 1 month, but started to produce 

Norwegian words after the family moved to Norway when the child was 2;3 years old. 13 

children had Norwegian as their dominant language, while three had English as their 

dominant language. All of the children went to Norwegian-speaking kindergartens. 12 

children were an only child, while the remaining four hade one older sibling. Six families 

reported using the “one parent, one language” principle, five families reported that both 

parents spoke in both languages to their child, three families spoke English at home and the 

child learned Norwegian in kindergarten, and for the two remaining families one parent spoke 

only Norwegian and the other parent spoke both Norwegian and English. According to the 

parents’ reports, none of the children had hearing impairments or frequent ear infections. 

None of the children used glasses. Detailed demographic information as well as productive 

vocabulary scores from the CDI and performance scores on the DCCS are summarized in 

Table 3 in Section 4.5. 

4.2 Procedure  

Child participants in the present study performed an eye-tracking sentence comprehension 

task in Norwegian and English as well as the DCCS. Children’s caregivers filled out the 

PaBiQ and CDI. The children performed the eye-tracking task twice – once in each language 

– with a 1-2 weeks break between the two sessions. The children performed the DCCS during 

the first session after the eye-tracking task. The first session was performed in the language 

the child was most comfortable with: Norwegian for 13 children and English for the three 

remaining children. 

In the eye-tracking task, the children sat on their caregiver’s lap. To set participants in the 

needed monolingual mode, they were introduced to a stuffed animal in the beginning of each 

session and told that the animal could only speak the language of the test-day. The children 

were told they would hear some stories about a boy and a girl.  
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The eye-tracking task included the following stages:  

1. First calibration. The calibration fixation point was a bee flying across the screen 

while cheerful child-friendly music was playing to capture children’s attention. The 

children were told that a magic bee would fly for them but that it would only fly if 

they looked at it.  

2. Two practice trials. Two practice trials followed the calibration. The participants were 

instructed to point to the pictures that matched the sentence when the sentence was 

over. It has been shown that children pay more attention performing an eye-tracking 

task when they are asked to point to the correct picture during the session (Trueswell, 

2008).  

3. Seven test trials. The children were encouraged to continue pointing to the picture 

matching the auditory stimuli in each trial. See Figure 3 for an example of the visual 

stimuli.  

4. Second calibration. The same bee and the same music were used for the second 

calibration. Having a second calibration in the middle of the testing allowed the 

children to get another input, as a short break from the sentences. If a child needed to 

get up and move for a bit during the testing, he/she could do that before the calibration 

and the second half of the test. Having a second calibration also ensured better eye-

tracking data. 

5. Seven test trials. The eye-tracking task is described in details in Section 4.3.  

6. After completing each session, the children could choose a finger puppet as a reward 

for their participation. The children did not know about the reward waiting for them 

until after the session. 
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Figure 3. Example of the visual stimuli for the auditory stimulus This is a boy. The boy eats the green apple. 

 

The DCCS was performed after the eye-tracking prediction task, while the children were still 

sitting on their caregivers’ lap. In this task, the children were, firstly, asked to sort cards by 

color (pre-switching phase) and later – by shape (post-switching phase). Details of the DCCS 

are further explained in Section 4.4. 

For each child, the caregivers filled out web-versions of the PaBiQ and CDI forms in both 

languages within a week after the eye-tracking sessions. In families following the “one parent, 

one language” policy, parents speaking in English to their children were asked to fill out the 

English CDI forms, and parents speaking Norwegian to their children were asked to fill out 

the Norwegian CDI forms. In cases where none of the caregivers spoke Norwegian to their 

child, kindergarten staff were asked to fill out the Norwegian CDI forms. Details of the 

PaBiQ and CDI are presented in Section 4.5.  

4.2.1 Pilot study of eye-tracking and cognitive control tasks 

The eye-tracking task was piloted to ensure the reliability of the task design as well as to 

make an informed decision on whether young children would be able to perform it. 

Additionally, two cognitive tasks – the Nonverbal Stroop Card Sorting Test (NSCST) and the 

DCCS – were piloted, to decide whether children under the age of 3 years were able to 

perform them. The NSCST and DCCS were chosen because they do not require verbal replies 



37 
 

from the participants. Children between the ages of 2;5 and 3;3 may choose not to talk during 

the test session. The pilot studies were conducted with Norwegian-English bilingual adults 

and Norwegian monolingual children. The eye-tracking task was piloted with both children 

and adults, while the cognitive tasks were only piloted with children. 

Before involving a group of children into the pilot study, to test if this was the right test for 

this age group, two children aged 2;9 and 3;1 years were tested with the NSCST. The NCSCT 

consist of a sorting sheet and two decks of cards, one deck with congruent cards (28) and one 

deck with incongruent cards (68). The congruent cards have two pictured blocks of the same 

color (red, green, yellow or blue), while the incongruent have two pictured blocks of different 

colors (a combination of red, green, yellow or blue). The instruction for participants is to 

stack the cards according to colors on the sorting sheet (detailed description of the NSCST 

can be found in for example Jasper (2016)). The NSCST is aimed at 3 years old children and 

older. The NSCST has many cards, and the two children who participated in the pilot lost 

interest in performing the task before it was completed. Given that the youngest participants 

in the current study are younger than 3 years and that the two children tested lost interest in 

performing the whole task, it was decided to abandon this task from the study. The DCCS was 

piloted with ten children (40% female) aged between 2;00 and 4;00 years (M = 2,89 years, SD 

= 0,74). The DCCS is a significantly shorter task (6 cards in each dimension), so even the 

youngest children were able to finish it without losing concentration. Details of the DCCS are 

presented in Section 4.4.  

The eye-tracking task was piloted with two additional adults before the main pilot study with 

adults and children. As a result of this pre-pilot testing, one distractor picture was changed (a 

pair of shoes for a fence) to better fit the neutral sentence, this was changed before the pilot 

with the larger groups of adults and children.  

20 Norwegian-English bilingual adults (40% female) aged between 22 and 58 (M = 28,4 

years, SD = 7,4) participated in the pilot of the eye-tracking task. Four additional adults were 

excluded due to not completing the second session (n = 1) or because the eye-tracker failed to 

detect their pupils (n = 3). All of the participants had normal or corrected to normal vision. 

The majority (85%) of the adults were students. All of them had Norwegian as their first 

language and learned English during childhood. The adults were rewarded with a chance to 

win a gift bookshop certificate. There were about two weeks between the two sessions each of 

which was about five minutes long. All of the adults were presented with the Norwegian 
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version of the eye-tracking task at the first session. Three of the five firstly tested adults 

fixated their gaze only at the middle of the screen inspecting stimuli pictures exclusively via 

peripheral vision. Consequently, the eye-tracker could not detect that these participants had 

looked towards any of the three pictures. Considering this observation, the last 15 adult 

participants were asked to move their eye gaze towards the picture they were looking at. The 

three adults who relied on peripheral vision were also asked to move their eyes to what they 

were looking at after the two test trails. This problem was not detected in the child group, so 

neither monolingual nor bilingual children were instructed to move their eyes towards what 

they looked at on the screen. 

After the sessions, the adults were asked about the audio and visual stimuli. All of the adults 

reported that the sentences sounded natural and that the target pictures fitted with the 

sentences. Six adults noticed that the audio stimuli sounded like child-directed speech. None 

of the adults had an impression that one of the two the pictures shown at the same time were 

more salient than the other picture.  

Ten monolingual Norwegian children (40% female) aged between 2;0 and 4;4 years (M age = 

2,89 years, SD = 0,74) participated in the pilot of the eye-tracking task and the DCCS. After 

the testing session, the children got two stickers as a reward for their participation. To try out 

the effect related to the order of the presented tasks, half of the children had the eye-tracking 

task first, while the other half had the DCCS first. The two tasks worked better for the 

children who had the eye-tracking task first. Consequently, it was decided to present the 

DCCS after the eye-tracking task in the main study. 

In the eye-tracking task, calibration was challenging for the youngest children: they either 

wanted to stay too close to the screen or did not look long enough on the calibration fixation 

point (i.e., flying bee) to make it move. The calibration was set to move on the screen if a 

participant was looking at the bee for at least two seconds. In addition, the youngest children 

did not pay attention to the sentences and were interested only in the pictures on the screen. 

Moreover, the youngest children did not understand the instructions of the switching task and 

consequently were not able to perform it. Piloting the two tasks with children of 2 to 4 years 

old led to the conclusion that the participants should be no younger 2;5 years old.  
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4.2.2 Ethical considerations 

The study was approved by the Norwegian Center for Research Data (NSD) AS before the 

data collection. The children’s caretakers and adult participants in the pilot study received a 

letter with a consent form (see Appendix A for the letter and consent form to the caregivers 

and Appendix B for the letter and consent form to the adult participants). The letter informed 

them about the requirements for participating in the study, that is was voluntary to participate 

and that it was possible to withdraw their consent at any time without providing a reason. In 

addition, they were informed that participation was anonymous, which were ensured by 

storing the recorded data on an encrypted hard drive and deleting it after the end of the 

project. 

At the beginning of each session, the children were told in a child-friendly manner what they 

were supposed to do, that it was voluntary to participate, and that they could stop during the 

sessions at any time. When children needed a break, they were offered to play or move around 

before continuing the experiment.  

4.3 The eye-tracking prediction task 

4.3.1 Apparatus  

In this project, the SMI RED250mobile Eye Tracker was used. This kind of eye-tracker casts 

infrared light towards the pupil, and this way tracks eye movements. It is therefore a 

nonintrusive tool. The sample rate was set to 250 Hz, with an average accuracy of 0.5° visual 

angle. 250 Hz is sufficient for tracking saccades and fixations. It can also track blinks and 

pupil dilation. For 9 adults in the Norwegian version of the task, the sample rate was 

mistakenly sat to 60 Hz, this did not have any consequences for the data analysis. The task 

was presented on an external screen with a diagonal size of 34 cm. The eye-tracker was 

attached underneath the external screen. An additional speaker was attached to the external 

screen to improve the sound volume. The eye-tracker software and its experiment suite (SMI 

Experiment SuiteTM3.6) were installed on a laptop computer (Intel (R) Core(TM) i7-

4710MQ processor 2.500GHz 2,50 GHz; 8GB RAM). The experiment was controlled and 

monitored by this laptop. Having a laptop and an external screen makes it possible to control 

the quality of collected eye-tracking data during the experiment. 
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4.3.2 Stimuli 

There were 14 sentence pairs in Norwegian and English. A sentence pair consisted of one 

sentence with a semantically constraining verb (e.g., eat), and one sentence with a neutral 

verb (e.g., takes). Here is an example of a sentence pair: The boy eats/takes the green apple 

(see Table 1 for the Norwegian sentences and Table 2 for the English sentences). Since the 

constraining verbs differed from sentence to sentence, so did the neutral verbs. This way the 

children heard a variety of verbs, and would not lose interest because the verbs were repeated. 

The semantically constraining verbs were the same in the Norwegian and the English 

sentences. However, the noun arguments following the verbs were different in the two 

languages. This ensured that participants saw each picture pair only once during the entire 

experiment. For example, if the sentence pair was Jenta sitter på den blå stolen (‘The girl sits 

on the blue chair’) and The girl sits on the brown bench the target pictures were a blue chair 

or a brown bench, respectively. The sentences with neutral verbs were designed in a way that 

verbs plausibly fit with both pictures, for instance if the verb was pick up, it was possible to 

pick up both objects on the pictures.  

Each sentence had a short context sentence before the stimuli sentences: 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 participants were not primed to look at the target or distractor 

pictures. From experience, children are easily distracted when they hear names of family 

members or friends, therefore it was decided that all the sentences should start with The boy 

or The girl.  

In some cases, a preposition had to be included for the stimulus sentences to be grammatically 

correct, for example The girl sits on the cold bench, or for the verb to be semantically 

constraining, for example The girl draws with the blue crayon. Previous studies have shown 

that children tend to ignore prepositions and other short function words, because function 

words are short and their meanings are not transparent (Vihman, Kay, de Boysson-Bardies, 

Durand, & Sundberg, 1994). As argued by Garmann, Hansen, Simonsen, and Kristoffersen 

(2019), verb particles may thus be treated as parts of the verbs in child-directed speech.  

There were four lists, two in Norwegian (Norwegian list A and Norwegian list B) and two in 

English (English list A and English list B), all given in Table 1 and Table 2. Children with 

odd participant numbers were presented with list A in both languages, and children with even 
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participant numbers were presented with list B in both languages. The same child heard a 

semantically constraining verb in Norwegian, for example Gutten spiser det grønne eple ‘The 

boy eats the green apple’ and the neutral verb in English, for example The boy takes the big 

carrot. While another child heard the neutral verb in Norwegian, for example Gutten tar det 

grønne eple ‘The boy takes the green apple’ and the constraining verb in English, for example 

The boy eats the big carrot. Each child saw each picture pair only once. Each child heard 

equally many semantically constraining and neutral verbs in Norwegian and in English. Each 

child was presented equally many times to a sentence starting with The boy and The girl, half 

of the trails starting with The boy were semantically constraining. The target pictures in the 

constraining sentences appeared to the right in half of the trials. In each list, the trails were 

randomized. 

Filler items were not included in the task. The rationale for this decision is the following: it 

can be assumed that young children are not aware of the fact that they are participating in a 

study. It can be assumed that they think they are participating in a game, and are not trying to 

understand what the test is about, contrary to adult participants. Another argument against 

using filler items with young participants is that they would make the test longer, which in 

turn would challenge children’s concentration ability.  
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Table 1. Norwegian sentences; stimuli in Norwegian with constraining and neutral verbs, and 

objects on the pictures (see Appendix C for the complete set of the pictures).  

List Norwegian A List Norwegian B Pictures 

Sentence Sentence 
type Sentence Sentence 

type Pictures 

Jenta triller den røde ballen 
‘The girl tosses the red ball’ 

practice 
trail 

Jenta triller den røde ballen  
‘The girl tosses the red ball’ practice trail 

ball  
cup 

Gutten peker på den brune hunden 
‘The boy points at the brown dog’ 

practice 
trail 

Gutten peker på den brune hunden 
‘The boy points at the brown dog’ practice trail 

dog 
cake  

Gutten spiser det grønne eplet 
‘The boy eats the green apple’ constraining 

Gutten tar det grønne eplet  
‘The boy takes the green apple’ neutral 

apple  
leaf 

Jenta er i det store badekaret  
‘The girl is in the big bathtub’ neutral 

Jenta bader i det store badekaret 
‘The girl is bathing in the big 
bathtub’ constraining  

bathtub 
house 

Gutten sover i den lille senga  
‘The boy sleeps in the little bed constraining 

Gutten har den lille senga  
‘The boy has the little bed’ neutral 

bed  
sweater 

Jenta bærer på den blå stolen ‘The 
girl carries the blue chair’ neutral 

Jenta sitter på den blå stolen ‘The 
girl sits on the blue chair’ constraining  

chair  
t-shirt 

Gutten mater den store måken 
‘The boy feeds the big seagull’ constraining 

Gutten ser på den store måken ‘The 
boy looks at the big seagull’ neutral 

seagull 
snowman 

Jenta går til det store vinduet  
‘The girl goes to the big window’ neutral 

Jenta åpner det store vinduet ‘The 
girl opens the big window’ constraining  

window  
table 

Gutten får den gule juicen  
‘The boy gets the yellow juice’ neutral 

Gutten drikker den gule juicen ‘The 
boy drinks the yellow juice’ constraining  

juice ice 
cream 

Jenta klemmer den grå bamsen 
‘The girl hugs the gray teddy 
bear’ constraining 

Jenta holder den grå bamsen ‘The 
girl holds the gray teddy bear’ neutral 

teddy 
bear 
tractor 

Gutten finner den gule solsikken 
‘The boy finds the yellow 
sunflower’ neutral 

Gutten vanner den gule solsikken 
‘The boy waters the yellow 
sunflower’ constraining  

sunflowe
r soft toy 

Jenta blåser de store såpeboblene 
‘The girl blows the big bubbles’ constraining 

Jenta leker med de store 
såpeboblene ‘The girl plays with 
the big bubbles’ neutral 

soap 
bubbles 
shells 

Gutten liker den store bilen  
‘The boy likes the big car’ neutral 

Gutten kjører den store bilen  
‘The boy drives the big car’ constraining  

car  
tomato 

Jenta rir på den brune hesten ‘The 
girl rides on the brown horse’ constraining 

Jenta har den brune hesten 
‘The girl has the brown horse’ neutral 

horse  
rabbit 

Gutten holder den gule bananen 
‘The boy holds the yellow 
banana’ neutral 

Gutten skreller den gule bananen 
‘The boy peels the yellow banana’ constraining  

banana 
umbrella 

Jenta tegner med den blå 
fargeblyanten ‘The girl draws 
with the blue color pencil’ constraining 

Jenta tar den blå fargeblyanten ‘The 
girl takes the blue color pencil’ neutral 

pencil  
spoon 
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Table 2. English sentences; stimuli in English with constraining and neutral verbs, and objects 

on the pictures (see Appendix C for the complete set of the pictures). 

List English A List English B Pictures 

Sentence Sentence type Sentence Sentence type Pictures 

The girl reads the new 
book practice trail The girl reads the new book practice trail 

book  
pants 

The boy smells the blue 
flower practice trail 

The boy smells the blue 
flower practice trail 

flower 
butterfly 

The boy takes the orange 
carrot neutral 

The boy eats the orange 
carrot constraining 

carrot 
scissors 

The girl bathes the yellow 
duck constraining 

The girl likes the yellow 
duck neutral 

duck  
sun 

The boy likes the brown 
couch neutral 

The boy sleeps on the brown 
couch constraining 

couch 
sausage 

The girl sits on the brown 
bench constraining 

The girl looks at the brown 
bench neutral 

bench 
sandal 

The boy looks at the big 
swan neutral 

The boy feeds the big swan 
 constraining 

swan  
ghost 

The girl opens the big box 
 constraining 

The girl picks up the big box 
 neutral 

box  
rock 

The boy drinks the cold 
milk  constraining 

The boy gets the cold milk  
 neutral 

milk  
soft ice 

The girl holds the big doll 
 neutral 

The girl hugs the big doll 
 constraining 

doll  
onesie 

The boy waters the red 
rose constraining 

The boy finds the red rose 
 neutral 

rose  
lady bug 

The girl plays with the red 
balloon neutral 

The girl blows up the red 
balloon constraining 

balloon 
shovel 

The boy drives the big 
train constraining 

The boy wants the big train 
 neutral 

train  
blocks 

The girl has the yellow 
bike neutral 

The girl rides on the yellow 
bike constraining 

bike  
shoes 

The boy peels the big 
orange constraining 

The boy holds the big orange 
 neutral 

orange  
star 

The girl takes the blue 
crayon neutral 

The girl draws with the blue 
crayon constraining 

crayon  
fork 

 

 

The auditory stimuli were presented 1000 ms after the pictures appeared on the screen. This 

way participants had a chance to inspect objects on the pictures and where on the screen the 

different pictures were; for example where the apple was, and could therefore look 



44 
 

automatically at the apple upon hearing the verb eat. Several published studies using the 

visual world paradigm have the visual stimuli appearing before sentence onset (Huettig et al., 

2011) 

The auditory stimuli was edited and presented in the following way (see Figure 4): A pause 

of various lengths (M = 812.47 ms; SD = 210.74) between the context sentence and the 

stimuli sentence made the verb onset at 3500 ms into the audio stimuli. A second pause of 

various lengths (M = 564.23 ms; SD = 143.23) after the verb made the noun onset at 5300 ms, 

which made the time window between the verb onset and the noun onset 1800 ms. In the 

sentences with a preposition after the verb, the pause was after the prepositions, to not split up 

the verb phrase. The pictures remained on the screen until the participant pointed or answered 

verbally which picture was mentioned in the sentence, then the next trial was presented. There 

was no information between the verb and the noun that could bias the participants towards 

one of the pictures. Hence, if the adjective before the noun was green both of the objects on 

the pictures were green. Due to the addition of the two pauses in the auditory stimuli, there 

was a concern of so-called robotic speech. However, children did not have any reactions 

towards how the auditory stimuli was presented.  

The auditory stimuli were recorded by a Norwegian-English bilingual female speaker in a 

quiet environment with a Zoom Q2n, with 48 000 Hz. The auditory stimuli were edited with 

Audacity, Version 2.2.2 (Audacity®, 1999-2019) to make the verb onset and noun onset 

appear on the same millisecond in every sentence and to remove background noise. Figure 4 

presents the structure of the auditory stimuli.  

 

 

Onset of pictures  Context [pause] The boy  eats [pause] the green  apple 

              1000ms                             3500 ms             5300ms  

           1800 ms 

                predictive window  

Figure 4. The structure of each trial, with pauses and specific times. 
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For each trial, a visual array consisted of three pictures on the screen: the boy/girl in the top 

middle part, and the picture pairs down right and down left (see Figure 3). The target pictures 

appeared equally many times on the left and on the right of the screen. The picture pairs were 

bigger (9,7 cm x 6,5 cm) than the pictures of the boy/girl (5,5 cm x 5,5 cm).  

Including a picture of a boy/girl in every trail made the participants look towards that picture 

at the start of the sentence. This prevented the participants from looking towards the target 

picture too early or by chance. The picture of the boy/girl was placed at the top middle at the 

screen because it is more natural to look at the top of the screen first, in addition it follows the 

reading direction in the two languages involved in the test. Children at this age can normally 

not read, but usually look at books with adults. In the pictures, both the boy and the girl 

looked straight down, so that the participants would not be biased towards any of the pictures. 

Since all of the sentences started with The boy/ The girl this picture functioned as a fixation 

point before the verb was mentioned. The reason to include only two pictures (target and 

distractor) in addition to the fixation point was so the children would not be overwhelmed by 

the visual stimuli.  

In every picture pair, the pictures had similar size, similar color, similar shape, and both were 

either photos or vectors. If the target picture was animate, the distractor picture would also be 

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 visual world paradigm studies have shown that participants tend to look more 

towards visual objects that are semantically related to the spoken word, than to visual objects 

that are unrelated (Huettig, Quinlan, McDonald, & Altmann, 2006).  

All the pictures had a white background and no shadows. All the pictures were edited with 

Gimp, version 2.8, a free picture editing tool (TheGimpTeam, 2018). Most pictures were 

found in the picture database Colourbox.com (Colourbox.com, 2018) and the rest were found 

via google search.  
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4.4 Assessment of cognitive control 

Cognitive control was assessed with the Dimensional Change Card Sorting (DCCS), which is 

a standardized test measuring cognitive control in children (Doebel & Zelazo, 2015), more 

precisely it aims at task-switching. Task-switching is the ability to successfully switch from 

one task to another (Miyake et al., 2000). In the DCCS, participants are firstly instructed to 

sort cards by one dimension, for example color, and then by another dimension, for example 

shape. The colors and shapes vary from experiment to experiment. Thus, the DCCS measures 

the ability to shift from sorting in one dimension to another dimension. As mentioned in 

Section 2.3, task-switching builds on both inhibition and working memory, as task-switching 

relays on the ability to inhibit the previous task and load a new task into the working memory 

(Diamond, 2013). Thus, a task that taps into task-switching also indirectly taps into inhibition 

and working memory.   

Children who are 3 years old or younger tend to continue sorting the cards by the pre-

switching rule (Doebel & Zelazo, 2015). Children at this age can switch more flexibly when 

the test stimuli are labeled and the dimensions are spatially separated (white/black shape on a 

colored background, so the color is not a property of the shape) (Doebel & Zelazo, 2015). 

Since participants in the present study are younger than 3 years, the modified version with 

white shapes on colored backgrounds which is called reversal switching, within-dimension 

switching, or interdimensional switching (Diamond, 2013, p. 151) was used.  

The DCCS consist of two sorting boxes; each with a target card attached to it; a white star on 

a red background and a white truck on a blue background. The 14 test cards have the opposite 

color than the target cards; seven cards with white stars on blue background and seven cards 

with white trucks on red background. There are six cards in the pre-switching phase and six 

cards in the post-switching phase, the two remaining cards are the test trials. The pictures 

were edited in Gimp (TheGimpTeam, 2018), printed, and laminated. All cards had a white 

backside and were 11,5 cm long and 7,5 cm wide. Picture 1 demonstrates target and test 

cards in a test situation. 
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Picture 1. Demonstrating the test set up for the DCCS task. 

 

During the first session, the child sat on caregiver’s lap right in front of the two sorting boxes 

with the target cards. Before starting the task, the child was asked to point to the red and the 

blue cards to make sure the child knew the two colors. The same was done for the shapes. In 

the pre-switching phase, the child was shown how to sort the two first cards, one in each 

color. Since it has been shown that it is easier for the youngest children to perform the task 

when the experimenter labels every card (e.g., Here’s a blue/red one. Where does it go?), the 

children where told the color for every card. All cards were put face down to avoid the 

interference from the previously sorted card. There were six (three red and three blue) cards in 

the pre-switching phase. Cards were sorted semi-randomly, but with care so the child never 

had the same color in more than two consecutive trials. There was no break between the pre- 

and post-switching phases. In the post-switching phase, the child was not shown how to sort 

the first card. Again, for every card the child was told what shape it had; Here’s a star/truck. 

Where does it go?. There were also six (three stars and three trucks) cards in the post-

switching phase. Like above, cards were sorted semi-randomly, this time avoiding the same 

shape in more than two consecutive trials.  

The scoring was made in line with the DCCS protocol (Zelazo, 2006). Each child got one 

score for each trial. To pass any of the trials the children must have sorted at least five out of 

six cards correctly. The children could pass the first trial, the first and the second trail, or none 
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of the trials. If only the second trial was passed, it was counted as one trail, since the child did 

not demonstrate the ability to switch from one task to another. Consequently, the maximum 

score after both trials was 2. See Table 3 for the scores for each child.  

4.5 Language use and background questionnaires 

The language background information was collected with a revised version of the Parent of 

Bilingual Children Questionnaire (PaBiQ) (for the revised version see Appendix D). The 

productive vocabulary size in Norwegian and English were measured with the MacArthur-

Bates Communicative Development Inventories Words and sentences (CDI).  

The revised version of the PaBiQ includes questions about age of exposure into each 

language, current language use, exposure and current linguistic skills compared to other 

children at the same age, and what language(s) the parents speak to their child. The PaBiQ 

also includes a question about which language the child feels most at home in, to detect 

language dominance. In addition, the PaBiQ includes parents’ self-rated proficiency in both 

languages.  

CDI is one of the most known and frequently used parent-report methods (Kristoffersen & 

Simonsen, 2012). It was originally made for American-English, and it has since been adapted 

to nearly 100 languages. CDI was adapted to Norwegian in 2008 (Kristoffersen & Simonsen, 

2012). There are two versions; CDI I: words and gestures for 8-20 months old children, and 

CDI II: words and sentences for 16-36 months old children in the Norwegian version and 16-

30 months old children in the English version. In the CDI I form, caregivers report what 

words and gestures their child comprehend and produce, while in the CDI II they report 

vocabulary and grammar based only on production. In this study, only the vocabulary 

checklist from CDI II was used. Although, the oldest participants in this study were 39 

months, there were only two children who almost reached celling effect (see Section 3.2.1 for 

a description of language development in bilingual vs. monolingual children). According to 

the CDI results, the children on average knew 88% of the Norwegian and 50% of the English 

semantically constraining verbs used in the eye-tracking test (see Appendix E for a 

percentage of the children who knew each verb).  
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The CDI results were used to calculate the children’s vocabularies in each language. Each 

child received one score per vocabulary item in each language, so they had one cumulative 

score in each language.4 See Table 3 for the CDI scores in Norwegian and English for each 

child. 

Table 3. Summary of age, gender, language dominance, CDI vocabulary scores, and DCCS 
scores. 

Participant  Age Gender Language 
dominance 

CDI 
Norwegian 

CDI 
English 

DCCS 
score 

1 2;9 F English 269 614 1 

2 3;0 M Norwegian 588 422 1 

3 2;5 F English 500 530 1 

4 2;6 F Norwegian 523 214 1 

5 2;6 M English 471 516 0 

6 2;6 M Norwegian 582 133 1 

7 2;6 M Norwegian 606 187 1 

8 2;6 M Norwegian 451 42 0 

9 2,5 F Norwegian 281 178 1 

10 2;6 F Norwegian 456 305 0 

11 2;8 F Norwegian 664 141 1 

12 3;3 F Norwegian 610 56 1 

13 3;1 M Norwegian 484 77 2 

14 3;1 M Norwegian 604 565 2 

15 3;2 M Norwegian 473 122 0 

16 2;9 M Norwegian 609 405 1 

 

4.6 Statistical analysis  

The exclusion of trials was done because it is important for the analysis that the children had 

understood the stimuli. As mentioned above, the children were asked to point towards the 

picture that was talked about in the audio stimuli in each trial. If they did not point towards 

the right picture, this indicated they did not understand the sentences. Before the analysis, the 

trials where the children did not understand the sentences were excluded. This resulted in 

exclusion of 8.7% of the trials (39 out of 448, the total amount of trials the children saw 

                                                 
4 There are more words in the Norwegian CDI than in the English CDI, however this difference should not cause 
a problem for the analysis as CDI have been used in various studies with bilingual children (De Houwer et al., 
2014). 
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combined). No trials were excluded from the data collected in the pilot study with adult 

participants. 

RStudio version 1.1.463 (Rstudio Team, 2018) was used for the statistical analysis.5 The 

analysis was performed on the data from the predictive window starting at 3800 ms and 

ending at 5600 ms (see Figure 4). Participants were expected to predict upcoming noun 

arguments in the time window between the verb onset (3500 ms for all stimuli) and noun 

argument onset (5300 ms for all stimuli). Adults use at least 200 ms to launch a saccade 

(Altmann & Kamide, 1999), while children are slower to launch saccades than adults 

(Lemoine-Lardennois et al., 2016; Pia Bucci & Seassau, 2012). Thus, 300 ms were added to 

the verb onsets and noun onsets. Since this is the time it takes to launch a saccade, fixations 

up to 300 ms after the noun onset were considered predictive. Fixations after 5600 ms were 

considered to be triggered by hearing the target noun arguments. As previously mentioned, 

fixations are defined as time periods when eyes are fixated on a specific object and stay 

relatively stationary – from tens of milliseconds to several seconds (Holmqvist et al., 2011). 

For the predictive window, the proportion of time the participants spent fixating on the target 

picture was determined in the following way: 

Target

(Target + Distractor + Fixation	Picture +White	Space)
 

This was the dependent variable. Two within-subject independent variables were used in the 

analysis: (1) semantically constraining (e.g., The boy eats the green apple) or neutral (e.g., 

The boy takes the green apple) conditions, and (2) Norwegian or English language of audio 

stimuli. Wilcoxon signed-rank tests were used to determine whether the proportions of time 

participants spent fixating on the target picture during the predictive window is greater in the 

semantically constraining condition compared to the neutral one, and whether the language 

mode influences the possible condition effect. Wilcoxon signed-rank tests were used since 

related and not normally distributed samples were compared.  

Following Mani and Huettig (2012) the participant’s ability to predict upcoming linguistic 

information (predictive ability) was defined as the difference in proportions of fixations in the 

semantically constraining and neutral conditions. This was calculated by subtracting the 

                                                 
5 The R script was made with help by Björn Lundquist and my supervisor Ekaterina Kuzmina. 
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proportions of fixations in the neutral trials from the proportions in the semantically 

constraining trials.  

To investigate the relationship between the children’s productive vocabulary sizes and their 

ability to predict upcoming linguistic information based on verb meanings, CDI vocabulary 

scores and predictive ability scores were correlated. This was done with Spearman 

correlations coefficients. To investigate the relationship between the DCCS performance and 

predictive ability scores, the Tukey’s range test was performed. The children were divided 

into the three groups based on their performance on DCCS: (1) low performers who passed 

none of the conditions, (2) medium performers who passed one condition, and (3) high 

performers who passed both conditions.  

4.7 Summary  

16 Norwegian-English bilingual children in the ages between 2;5 and 3;3 years participated in 

the study. 20 adults were tested in the pilot study of the eye-tracking task to ensure the 

reliability and validity of the design of the task. The children’s ability to predict was measured 

with an eye-tracking task with 14 sentence pair stimuli in each language. Children’s 

productive vocabulary sizes in Norwegian and English were assessed with the Norwegian 

CDI and English CDI respectively and their cognitive control was assessed with the DCCS. 

Children’s language background information was collected with the PaBiQ. The statistical 

analysis of the data was performed with RStudio. The Wilcoxon signed-rank test was used to 

determine if children and adults had more fixations to the target than to the distractor during 

the predictive window. The relationship between the predictive ability and productive 

vocabulary were analyzed with Spearman correlations, while the relationship between the 

predictive ability and cognitive control was assessed with the Tukey’s range test.  
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5 Results  
In this chapter, the findings from the statistical analysis will be summarized. Section 5.1 

presents the findings from the pilot study. Section 5.2 presents the findings from the growth 

curve analyses, the Wilcoxon signed-rank test was used to answer the first research question; 

if the children could predict upcoming nouns based on verbs, and if there was a difference 

between the ability to predict between their two languages. Section 5.3 presents findings from 

Spearman correlations between the predictive ability in both languages and the relevant 

vocabulary sizes. Then, in Section 5.4, the result of the Tukey’s range test used to investigate 

the relationship between the ability to predict in both languages and cognitive control (task-

switching) is presented. Finally, Section 5.5 gives a summary of the results. 

5.1 The pilot study 

As mentioned previously, a pilot study was conducted with 20 bilingual Norwegian-English 

adults. Means and standard errors of proportions of target fixations aggregated in 50 ms time-

bins along the whole trial are displayed in Figure 5 for Norwegian and Figure 6 for English. 

As the figures show, adults fixated the target more in the semantically constraining conditions 

than in the neutral conditions during the predictive window, that is to say from verb onset + 

300 ms and until the noun onset + 300 ms.  

 
Figure 5. Proportions of fixations to the target picture in semantically constraining and neutral trials in the adult 
group in Norwegian. The dotted lines indicate the verb and noun onsets + 300 ms. 
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Figure 6. Proportions of fixations to the target picture in semantically constraining and neutral trials in the adult 
group in English. The dotted lines indicate the verb and noun onsets + 300 ms. 

 

Overall, the adults spent significantly more time fixating on the target picture in the 

constraining condition (M = .45, SE = .22) than in the neutral condition (M = .20, SE = .17). 

Analyses within each language separately, indicated that in Norwegian adults had 

significantly more fixations towards the target picture in the semantically constraining 

condition (M = .46, SE = .23) than in the neutral condition (M = .20, SE = .17), W = 169,  

p < .001. Similarly in English, the adults had significantly more fixations towards the target 

picture in the semantically constraining condition (M = .44, SE = .22) than in the neutral 

condition (M = .19, SE = .17), W = 190, p < .001. Figure 9 shows the differences in 

proportions of target fixations for adults and children in both conditions. 

5.2 Predictive abilities among the children  

Turning over to the main study of the bilingual children: Means and standard errors of 

proportions of target fixations aggregated in 50 ms time-bins along the whole trial are 

displayed in Figure 7 for Norwegian and Figure 8 for English. As the figures show, the 

children fixated the target more in the semantically constraining condition than in the neutral 

condition during the predictive window, that is to say from verb onset + 300 ms and until the 

noun onset + 300 ms.  
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Figure 7. Proportions of fixations to the target picture in semantically constraining and neutral trials in the child 
group in Norwegian. The dotted lines indicate the verb and noun onsets + 300 ms. 

 

 
Figure 8. Proportions of fixations to the target picture in semantically constraining and neutral trials in the child 
group in English. The dotted lines indicate the verb and noun onsets + 300 ms. 

 

Overall, the children spent significantly more time fixating on the target picture in the 

constraining condition (M = .48, SE = .13), than in the neutral condition (M = .39, SE = .15). 

Analyses within each language separately, indicated that in Norwegian children had 

significantly more fixations towards the target picture in the semantically constraining 

condition (M = .50, SE = .10) compared to the neutral condition, (M = .38, SE = .14),  
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W = 110, p = .03. In English, the children had more fixations towards the target in the 

semantically constraining condition (M = .45, SE = .15), than in the neutral condition (M = 

.39, SE = .17), but this difference was not statistically significant, W = 89.5, p = .28. Figure 9 

shows the differences in proportions of target fixations to the target picture for adults and 

children in both the semantically constraining and neutral conditions. 

 

 

Figure 9. Children and adults: Box plot of the difference in proportions of fixations to the target picture in child 
and adult groups and semantically constraining and neutral conditions.  

 

 

 

 

 

 

 



57 
 

5.3 Relationship between predictive ability and 
productive vocabulary 

We will now turn to the results of the comparison of the individual results on the eye-tracking 

task within each language with the results of CDI in each language. There was no significant 

correlation between children’s productive vocabulary and their ability to predict in either of 

the languages: Norwegian: r = .25 (medium effect size), p = .35, and English: r = .01, p = 

.96. Figure 10 displays the relationship between the productive vocabulary and the ability to 

predict, language dominance are marked with a circle or a triangle.  

 

 

 
Figure 10. Scatterplot of the correlations between the predictive ability and the productive vocabulary.  
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5.4 Relationship between predictive ability and cognitive 
control  

Lastly, we will turn to the comparison of the individual results within each language of the 

eye-tracking task with the performance on the task-switching task (DCCS). There were no 

significant differences in the ability to predict neither between the high and medium DCCS 

performers, p = .23, high and low, p = .31, nor between medium and low DCCS performers,  

p = .99, groups. Figure 11 displays the proportions of fixations to target by groups divided 

into low, medium, and high performers in the task-switching task. 

 

 

 

 
Figure 11. Box plot of proportions of fixations to target in English and Norwegian divided into low, medium 
and high performers of the DCCS task.  
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5.5 Summary of results  

The adults in the pilot study had significantly more gaze fixations to the target than to the 

distractor in the predictive window in both languages. Similarly, children had more gaze 

fixations to the target than to the distractor in the predictive window in both languages, 

however this difference was statistically significant in Norwegian, but not in English. There 

were no significant relationships between the children’s predictive ability in each language 

and the same-language productive vocabulary size. However, it is worth mentioning that 

although it was not statistically significant, there was a medium (r = .25) effect size between 

the predictive ability and the productive vocabulary size in Norwegian. There was also no 

relationship between the children’s predictive ability as measured by the eye-tracking 

experiment and their performance on the DCCS.  
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6  Discussion 
In this chapter, the results from the previous chapter will be discussed in the light of the 

project’s research questions, the usage-based framework presented in Chapter 2, and the 

previous studies on predictive language comprehension discussed in Chapter 3. Section 6.1 

will be devoted to the discussion on the first research question, whether young bilingual 

children can predict in Norwegian and English. In Section 6.2, the second research question 

will be discussed, namely whether there is a relationship between the bilingual children’s 

predictive ability and the same-language productive vocabulary sizes. Section 6.3 will focus 

on the third and last research question, specifically whether there is a relationship between the 

bilingual children’s predictive ability and their performance of the cognitive control task (i.e., 

DCCS). In Section 6.4, I will go through seven limitations of the present study and outline 

directions for future research. The last Section 6.5 serves as a summary of the current chapter. 

6.1 Predictive ability in both languages  

In the pilot study, the adult participants had significantly more gaze fixations to the target 

picture within the predictive window in the semantically constraining sentences (e.g., The boy 

eats the green apple) compared to the neutral sentences (e.g., The boy takes the green apple) 

in both Norwegian and English. This suggests that the adults relied on verb meanings to 

predict upcoming noun arguments in both languages. Although all of the adults were 

dominant in Norwegian, there was no significant difference between their predictive ability in 

Norwegian and English. Given these findings from the pilot study, we may conclude that the 

experimental paradigm and stimuli were reliable and valid to test verb-mediated prediction. 

That is, the experiment can test the children’s ability to predict upcoming nouns based on 

verbs if the children know the verbs and the objects in the pictures used in the test stimuli. 

This will be discussed below.  

 

Turning to the main focus of this study, namely prediction in young bilingual children, the 

first research question was: 

 

Can 2;5-3;3 years old bilingual children use verb meanings to predict upcoming noun 

arguments in Norwegian and/or English?   
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Based on previous research, it was hypothesized that the children would predict noun 

arguments based on semantically constraining verbs, and that their predictive ability would be 

better in their dominant language. The results support this hypothesis. Within the predictive 

window, the child group had more gaze fixations to the target in the semantically constraining 

than in the neutral sentences in both languages. However, this difference between conditions 

was statistically significant in Norwegian, but not in English. There was a tendency towards 

prediction in English, but it was not clear enough to conclude that the children predicted in 

this language. This suggests that the children were able to use verb meanings to predict 

upcoming noun arguments, and as a group they were better in Norwegian, which was the 

dominant language for the majority of them (13 out of 16).  

 

Predictive language processing in bilingual children has received little attention, and there are 

no existing findings on the difference in predictive ability between the languages in young 

bilingual children. The result that the children predicted upcoming nouns in their dominant 

language was to be expected, as previous studies have found that monolingual children at the 

age of 2 years (Mani, Daum, & Huettig, 2016; Mani & Huettig, 2012) and 3 to 10 years 

(Borovsky, Elman, & Fernald, 2012) predicted upcoming lexical information during sentence 

comprehension. The finding from the current study is interesting, as it indicates that also 

bilingual children have the ability to predict.  

 

Why was there no evidence that these bilingual children could predict in English? According 

to the language background questionnaire (PaBiQ), of the 16 children participating in this 

study, 13 were Norwegian-dominant and only three were English-dominant. The results from 

the CDI showed that the same three children were dominant in English. Based on the results 

from the CDI forms in both languages, the children varied in language balance, from being 

almost balanced to strongly dominant in one language. Thus, based on this study, a definite 

conclusion about the role of language dominance on the predictive ability cannot be made 

since so few of the children were English dominant.  

Bilinguals are rarely balanced in their two languages and they are typically better in the 

language they have had most exposure to (Grosjean & Byers‐Heinlein, 2018). According to 

the usage-based theory, the more the children have encountered a word or chunks of words, 

the stronger the mental representations for these words or chunks are. One would expect that 

language prediction would depend on exposure to specific word combinations. Therefore, one 
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could assume that the more the children encounter specific words together, the stronger 

mental representation they would have of these words appearing together and consequently, 

language prediction should be better for these words.  

Based on the fact that bilinguals rarely are balanced between their languages, one can assume 

that they have encountered more word combinations in one of the languages. Therefore, their 

predictive ability would be better in this language. According to the results from the CDI the 

children can produce more of the verbs used in the eye-tracking task in Norwegian (88%) 

than in English (50%). As previously mentioned, the CDI measures productive vocabulary 

and children typically have larger receptive than productive vocabulary. Hence, it is likely 

that the children had receptive knowledge of more of the verbs. However, the children’s 

mental representations of the individual verbs may be stronger when they know how to 

produce them, and consequently the children in this study may have stronger mental 

representations of the Norwegian than of the English verbs. 

Taking the bias towards Norwegian into account, it is clear that the majority of the children in 

the current study predicted upcoming nouns in their dominant language, but not in the weaker 

language. According to Kaan (2014), we can expect adult L2 learners to not predict or predict 

slower than L1 speakers of the language because they have had less exposure and have 

experienced less frequency of specific words appearing together. Several previous studies 

with adult L2 learners have obtained results similar to the findings from the current study. For 

instance, Lew-Williams and Fernald (2010) found that adult L2 learners did not predict nouns 

based on grammatical gender in their L2. At the same time, Dussias, Kroff, Tamargo, and 

Gerfen (2013) found that more experienced L2 learners predicted nouns based on 

grammatical gender in their L2, while less experienced L2 learners did not. These findings 

suggest that the more exposure, the better one predicts in the language under assessment. 

Dijkgraaf, Hartsuiker, and Duyck (2017) also found that highly proficient bilinguals can 

predict in their L2, but they also found that the bilinguals predicted slightly slower compared 

to the monolinguals in both of their languages. Compared to monolinguals, bilinguals tend to 

have had less exposure to each language, because their time has been divided between the 

languages. Consequently, bilinguals have had less experience in each language, which could 

result in weaker mental representations and in turn in weaker or slower language prediction.  

According to Pavlenko’s (2009) Modified Hierarchical Model, bilinguals have two separate 

lexicons which are partly interacting, where all the shared lexicons are stored (see section 
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2.2.2 for the Modified Hierarchical Model). The adults in the pilot study predicted equally 

well in Norwegian and English, even though all of them were dominant in Norwegian. The 

lack of a difference between the predictive ability in the two languages may be due to a 

ceiling effect, as they were tested on an experiment created for children. The adults have more 

experience in both languages then the children and consequently have better grasp of the 

concepts of the verbs, and what kind of arguments typically occur after the specific verbs.  

 

The children in the current study may have predicted slower in English, because they had less 

exposure to this language and therefore had weaker mental representations and word 

associations. Because of their young age and limited experience with English, their ability to 

predict may still be developing in this language.  

6.2 The relationship between predictive ability and 
productive vocabulary  

The second research question in this study was the following: 

 

Is there a relationship between the predictive ability in each language and the relevant 

productive vocabulary? 

 

It was hypothesized that there would be a positive relationship between the predictive ability 

and productive vocabulary sizes, namely that the children with higher productive vocabulary 

sizes would be better at prediction. Specifically, it was expected that the positive relationship 

would be between the predictive ability in one language and the same-language productive 

vocabulary. The results did not support this hypothesis. There were no significant results 

providing evidence for a relationship between predictive ability and same-language 

productive vocabulary sizes in neither of the languages. Most of the children in this study 

were dominant in Norwegian, and there was indeed a trend towards a significant correlation 

in Norwegian. As mentioned in the last section, there were no significant results of predictive 

ability in English, and there was also no significant correlation between predictive ability and 

productive vocabulary in English. 
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It is still unclear what kind of mechanisms underpin the predictive ability. The PACS-model 

suggests there are at least four mechanisms in addition to mediating factors (Huettig, 2015). 

One of the mechanisms is proposed to be language production (see Section 2.3 for a 

description of all the mechanisms and mediating factors). Previous studies have reported 

conflicting findings concerning whether language production is an underlying mechanism or 

not. 

 

The results from the current study are in line with for instance Dijkgraaf et al.’s (2017), where 

no significant relationship between predictive ability and productive vocabulary in the 

respective languages was found in a group of adult bilinguals. Dijkgraaf et al. argue that this 

result could be because they measured the adult bilinguals’ vocabulary with LexTALE, which 

is not a direct measure of production. Other studies, however, have provided evidence that 

one of the possible mechanisms for language prediction during sentence comprehension is 

language production skills (e.g.,Mani, Daum, & Huettig, 2016; Mani & Huettig, 2012; 

Martin, Branzi, & Bar, 2018). For instance, Mani and Huettig (2012) found a positive 

relationship between monolingual 2-year-olds’ predictive ability and their productive 

vocabulary. The children with larger productive vocabulary sizes had better predictive ability 

than the children with smaller productive vocabularies. Mani and Huettig (2012, p. 846) argue 

that production skills is one of the underlying mechanisms because children with a larger 

productive vocabularies would also be more experienced language users, and therefore have 

“stronger thematic links between verbs and their arguments”, which in turn facilitate the 

predictive processing.  

 

The results from the current study do not lend support to the theory that productive 

vocabulary is an underlying mechanisms for the predictive ability. In English there were no 

sign of a correlation between language and predictive ability. It might be a threshold of how 

many words a child need to know before the child start to develop the predictive ability. 

However, since the vocabulary sizes to the children varied from 42 to 614 productive words 

and there were no sign of such an effect this study does not indicate such a threshold. In 

Norwegian, a medium effect size (r = .25) was found although the correlation was not 

significant. This indicates that language dominance may be an important factor. The 

promising, but non-significant result in Norwegian may also be due to a small number of 

participants in the child group. Even so, this study did not provide evidence for productive 
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vocabulary as a mechanism for language prediction. However, it does not exclude the 

possibility for a positive relationship, as there was a tendency to a correlation between the 

predictive ability in Norwegian and the productive vocabulary size in the same language. This 

study does not provide evidence for the PACS-model, at the same time it does not disprove 

the model. 

6.3 The relationship between predictive ability and 
cognitive control 

The last and third research question in the current study was the following:  

 

Is there a relationship between the predictive ability in each language and cognitive 

control (task-switching)? 

 

It was hypothesized that there would be a positive relationship between task-switching and 

the predictive abilities. The results did not support this hypothesis. There were no significant 

results providing evidence for a relationship between predictive ability and the performance 

of the DCCS task. This result suggests that cognitive control does not play a role for the 

predictive ability. 

 

Few studies have tapped into the relationship between predictive ability and cognitive control. 

The findings from the current study are not in line with the findings from Huettig and Janse 

(2016) who have shown that adults with higher scores on working memory tasks (auditory 

non-word repetition task, backwards digit span task, and Corsi block tapping task) and 

general processing speed tasks (digit-symbol substitution test and letter comparison task) had 

better predictive ability. The authors argued that there is a relationship between the predictive 

ability and cognitive functions, specifically working memory and general processing speed, in 

adults. A possible reason for the conflicting results could be that their study tapped into 

working memory and processing speed, while this study measured performance of task 

switching by the DCCS. Also, the DCCS was probably not the best measure for cognitive 

control for children younger than 3 years of age, this issue will be further elaborated in the 

section about limitations below.  
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6.4 Limitations and future directions 

In this section, seven limitations of the current study will be discussed. Two of these concern 

the participant group, and they relate to 1) recruitment, and 2) the age of the participants. 

Three of these are connected to the experimental setup and procedure: 1) small sample size, 2) 

assessment of productive vocabulary, and 3) assessment of cognitive control. Lastly, I will 

discuss two limitations related to the analyses: 1) small sample size and 2) bias to Norwegian 

dominance. In addition, this section will outline directions for future research. 

6.4.1 Participant group  

In total, this study included 16 participants. The participants were recruited based on the 

following criteria: speaking Norwegian and English, and being between the ages of 2;5 and 

3;3. One additional participant was excluded due to not showing if he understood the stimuli 

or not. It was a challenge to recruit enough children in the right age range who speak 

Norwegian and English, which lead to a relatively small sample size. It was especially 

challenging to recruit children with dominance in English. This could have been done by 

recruiting Norwegian families in English-speaking countries, which was not feasible within 

the time limit of this study. Several limitations of the current study are related to a small 

sample size, as we will see below. 

Another limitation was the age of the participants. Children at this age are too young to 

perform several cognitive control and productive language tasks. We will return to this issue 

in the next section. This limitation could have been solved by aiming for a participant group a 

couple of years older. The reason to choose participants in the age between 2;5 and 3;3 was to 

be able to study the predictive ability under development, when also the productive 

vocabulary is developing. The young age of the participants sets limits both for the prediction 

experiment and for how much could be added to assess cognitive development, as the 

sessions should not be too long since the participants will lose concentration. 

6.4.2 Experimental setup, procedure, and analysis 

It is possible that the non-significant correlation between predictive ability and productive 

vocabulary sizes is related to the relatively small sample size. However, there is a limitation 

to how many semantically constraining verbs the young participants know. To be able to 
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predict during the experiment, children need to be familiar with the verbs as well as the nouns 

used in the stimuli. Since this study used the same semantically constraining verbs but 

different nouns in the two languages, it was necessary to find verbs that worked in both 

languages and verbs that could be a predictive cue to at least two different nouns. This was 

done to be able to compare not only semantically constraining verbs to neutral verbs within 

language, but also to compare the semantically constraining verbs across languages. The 

study did not repeat the same verb within a list, so the children would not have any reactions 

to having heard the same verb multiple times. These reasons led to seven sentences with 

constraining verbs in each list (28 verbs in total across the two languages) ideally there could 

have been a few more.  

Future studies may consider having the children perform a verb-test with the verbs used in the 

stimuli, to ensure that the children were familiar with the verbs. However, as previously 

mentioned, this participant group has limited patience, and therefore the sessions could not be 

too long. The productive vocabulary sizes were for this reason assessed with the English and 

Norwegian CDI. The CDI is a parental report form. As always with parent- or self-reports 

there is a chance of over- or underestimation. However, the CDI is widely used in studies with 

monolingual and bilingual children (De Houwer et al., 2006; De Houwer et al., 2014), and 

various studies have provided evidence for the reliability and validity of the test (Feldman et 

al., 2005; Pérez-Pereira & Resches, 2011; Simonsen et al., 2014). For studies with longer time 

span, other methods, such as telling stories based on pictures, could be used. However, few 

measures are 100% reliable, as direct vocabulary tasks could rely on how tired or shy the 

child feels on the testing day. One should also be aware that some children in this age range 

might choose not to talk during the sessions, because they are in a new situation with people 

they do not know.  

To assess cognitive control of the children in this study the DCCS was used. The DCCS 

scores categorically, and the children can be divided into three performance groups based on 

their results. In this study there were too few children to be divided into groups, and 

especially the low and high performance groups were very small. Ideally, a task providing a 

continuous measure as an outcome could be used in future studies with few participants. This 

way the children would not be divided into even smaller groups. It is challenging to assess 

young children’s cognitive control, because it is hard to explain such tasks to children. In 

addition, children in the age from 2-3 years is not always the most cooperative participants, 
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and if they do not follow instructions it might be due to not understanding or choosing to do 

the opposite as the instructions just for fun. Before choosing the DCCS task another task to 

assess cognitive control was piloted, namely Nonverbal Stroop Card Sorting Test (NSCST). 

The NSCST was judged as too long and difficult to perform for children in the pilot study. It 

is possible that the participant group is too young to perform cognitive control tasks. To 

assess cognitive development, using an EEG experiment could be a way to measure cognition 

more precisely while avoiding having to use a task where young children need to cooperate 

(Bell & Cuevas, 2012).  

For the analysis it was a limitation that the sample size was small and, the there was a strong 

bias toward Norwegian-dominance. In future studies, it could be interesting to take a closer 

look at the relationship between predictive abilities and the patterns of language use of each 

child. In the current study, regarding the language background assessed with the PaBiQ, only 

the information of language dominance of the children were used. The PaBiQ also collect 

information of which language the child uses in what context and with whom, which could be 

analyzed in a future study. 

To sum up the issues discussed above and their implications for future studies, a larger 

participant group is preferable. Especially, it would be an advantage to recruit more children 

with English as a dominant language, leading to two potentially equal bilingual groups with 

opposite language dominance. This way, language dominance could be included as a 

predictor for the ability to predict. During the eye-tracker session, a verb-test with the verbs 

used in the stimuli could be performed. This could be done by asking children to point to the 

picture, among other pictures, were someone is performing the action you are asking for. 

Assessment of productive vocabulary could be done through a picture naming task or telling a 

story from the pictures, although young children may be reluctant to talk during the sessions. 

EEG could potentially be used to assess cognitive control. Lastly, it would be interesting to 

investigate language use a predictor for the ability to predict upcoming linguistic input. 

6.5 Summary  

In this chapter, the three research questions of this study were discussed in the light of the 

usage-based theory, the previous studies, and the results presented previously in the thesis. 

The children in this study were able to use verb meanings to predict upcoming noun 



70 
 

arguments in Norwegian and English, and they predicted better in Norwegian than in English. 

There was only a tendency to predictive ability in English. It was argued that the difference 

between the languages could be due to dominance in Norwegian.  

The adults in the pilot study predicted upcoming nouns in both languages, even though they 

were all dominant in Norwegian. It was argued that the lack of significant results for the 

children in English is due to less exposure in this language and therefore weaker mental 

representations and word associations. Previous studies have shown that monolingual 2-year-

olds can predict upcoming nouns based on verbs. This study provides evidence that also 

bilingual children have the ability to predict upcoming nouns.  

Further, it was expected a positive relationship between the predictive ability in one language 

and the same-language productive vocabulary. However, the results did not support this 

hypothesis. There was a trend towards a significant correlation between the predictive ability 

in Norwegian and the same-language vocabulary size. In English, there were no such results. 

It was argued that the lack of significant result may be caused by the relatively small sample 

group, especially with dominance in English.  

There was no evidence for cognitive control as a mediating factor for the predictive ability. It 

was argued that the lack of a correlation may be caused by the chosen cognitive control task 

(DCCS). In future studies, a larger participant group is preferable. In addition, other types of 

cognitive control tasks, preferable with EEG, should be considered.  
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7 Conclusions  
The main aim of this thesis was to investigate young Norwegian-English bilingual children’s 

ability to predict upcoming noun arguments based on information from verbs. Additional 

aims were to investigate whether there was a relationship between the predictive ability and 

language production, and between the predictive ability and general cognitive control. 16 

Norwegian-English children in the age between 2;5 and 3;3 participated in the study. The 

children were tested using an eye-tracking task, and their performance was analyzed in order 

to investigate their ability to predict. The children heard sentences with either a semantically 

constraining verb (e.g., eats) or neutral verb (e.g., takes), while watching a target (e.g., apple) 

or a distractor (e.g., leaf) picture. To ensure the reliability and validity of the eye-tracker study 

20 adults participated in a pilot study. To assess the children’s productive vocabulary, the 

Norwegian CDI and English CDI were used, and to assess their cognitive control the DCCS 

was used. This is the first study of Norwegian-English bilingual children’s ability to predict, 

and therefore introduces a new approach to the already existing field of prediction of 

upcoming linguistic input.  

Based on the usage-based framework presented in Chapter 2, and previous relevant research, 

three research questions were presented in Chapter 3. The first research question was whether 

young Norwegian-English bilingual children can predict in one or both of the languages. It 

was hypothesized that the children would be able to predict upcoming nouns, and that they 

would be better in their dominant language. According to the analysis of the results, both 

children and adults used information from verbs to predict upcoming noun arguments. In the 

child group there were only significant results in Norwegian. It was suggested that the lack of 

significant results in English is due to dominance in Norwegian, and that the children are not 

proficient enough in English to have developed the predictive ability in this language. 

Furthermore, the results indicated that how frequently words appear together leads to stronger 

mental representations and that this in turn leads to a stronger ability to predict. This could 

explain the different results in the two languages. 

The second research question was whether there was a correlation between the children’s 

predictive ability and their productive vocabulary sizes. It was hypothesized that there would 

be a positive relationship between the predictive ability and productive vocabulary size in the 

same language. The analysis yielded no significant relationship between the predictive ability 
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and productive vocabulary. There may be a relationship between their productive vocabulary 

and their predictive ability as there was a promising but non-significant result of this 

relationship in Norwegian. It was proposed that the non-significant result could be due to a 

relatively small sample size. Therefore, the results of this study do not necessarily negate the 

existence of a relationship between predictive ability and productive vocabulary, at the same 

time they do not provide evidence for the PACS-model, were production is proposed to be 

one of the underlying mechanisms for the predictive ability. 

The third research question was whether there was a relationship between the children’s 

predictive ability and their performance of the cognitive control task. It was hypothesized that 

there would be a positive relationship between task-switching and the ability to predict. The 

results in the study indicated no significant relationship between predictive ability and the 

scores of the cognitive control task (DCCS). 

To conclude, this study provides evidence that also young bilingual children have the ability 

to predict upcoming nouns. These findings contribute to our understanding of prediction, as 

no previous study has. At the same time, this study is in line with previous studies, showing 

that monolingual 2-year-olds can predict upcoming nouns based on semantically constraining 

verbs. The 16 Norwegian-English bilingual children in the ages between 2;5 and 3;3 years, 

participating in this study, can predict in Norwegian – their dominant language. To be 

specific, the children can predict upcoming nouns, such as apple, based on the information 

from verbs in sentences, such as The boy eats the green… 
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Appendix A: Consent form for caregivers 
To parentes/caregivers  
 

January 2019 

Research project: Verb-mediated prediction in young bilingual children 
  

Background and purpose 
The purpose of this project is to study the development of bilingual children's ability to 
predict words before they have been uttered. The ability to predict words from the context 
makes language processing faster and easier. There has been little research on predicting 
words in children earlier. The overall objective of the project is to broaden the understanding 
of how bilingual children develop the ability to predict words in language processing. 

The study is a master project at the Department of Linguistics and Nordic Studies at the 
University of Oslo. If you have questions about the study, please contact me 
(aytheima@uio.no) or my main supervisor Pernille Hansen (perniha@uio.no). 
 

What does participation in the study involve? 
Participation in the study implies that the children carry out two child-friendly experiments, 
and that parents/caregivers complete two online questionnaires. In the first experiment, the 
children will see two pictures at a time while they hear a sentence, and they will choose the 
picture they think suites the sentence best. The children will do this in Norwegian and 
English, with 1-2 weeks between each language. During the study, the children's eye 
movements are captured using eye-tracking technology. The eye movements are recorded by 
a small box located under the screen where the pictures are presented, which will not be 
noted by the children. At the same time, a small camera will videotape the child's face. 

The second experiment is a color game. We play with cards, which the children will sort by 
color. This is done once in the language the children are most comfortable with. Each of the 
experiments will take about 10 minutes to complete. 
  

What happens to the information about the child? 
All personal information will be treated confidentially. Only the project group will have 
access to personal information, and the video will be stored at the University of Oslo's 
computer server. The project team consists of Pernille Hansen (main supervisor), Ekaterina 
Kuzmina (assistant supervisor) and Ane Theimann (student). All information will be 
anonymized in publications related to the study. 

The project is scheduled to end 01.08.2021. At the project end all personal information will 
be delated and other information will be unidentified. 
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Voluntary participation 
It is optional to participate in the study and you may at any time withdraw your consent 
without giving any reason. 

If your child may participate in the study, please sign the attached consent form and return it 
as soon as possible. You can also take a picture that you have signed your consent and send it 
to us at aytheima@uio.no. 

The consent is the legal basis for processing personal data in the project. You have the right 
to request access to data collected from your child, as well as correcting, deleting, limiting, or 
data portability of the data. You also have the right to request a complaint to the Data 
Protection Authority. If you have any questions about your rights, you can contact UiO's Data 
Protection Officer at personvernombud@uio.no or the Norwegian Center for Research Data 
(NSD) AS, at personverntjenester@nsd.no or phone: 55 58 21 17. 
 
If you have questions regarding this request, please contact Pernille Hansen at 
perniha@uio.no.  
 
The study has been approved by the Data Protection Officer for Research, Norsk 
samfundsvidenskabelig datatjeneste AS. 
 
 
With best regards 
 
 
 
Ane Theimann Pernille Hansen 
Masterstudent Postdoktor 
Institutt for lingvistiske og nordiske studier Senter for flerspråklighet 
Universitetet i Oslo Universitetet i Oslo 
aytheima@uio.no perniha@uio.no  
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Consent for participation in the study Verb-mediated prediction in young 
bilingual children. 
 
 

☐ I/we have received information about the study and consent that my child 
 
 
 ____________________________________ (name) participate in the study.  
 
Date of birth:____________ 
 
Link to questionnaires can be sent to the following email address (please use capital letters): 
 
 
________________________________________________________________
_ 
  
  
 
 
 
--------------------------------------------------------------------------------------------------------------
--  
(Signed by parent/caregiver, date) 
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Appendix B: Consent form for adult 

participants  
 
Til den det måtte gjelde 
 

november 2018 

Forskningsprosjektet Verb-mediated prediction in young bilingual children 
  
Bakgrunn og formål  
Formålet med dette prosjektet er å studere utviklingen av tospråklige barns evne til å forutse 
ord før de har blitt sagt. Evnen til å forutse ord ut i fra konteksten gjør språkprosessering 
raskere og enklere. Det har blitt forsket lite på forutsigelse av ord hos barn tidligere. 
Prosjektets overordnede mål er å utvide forståelsen av hvordan tospråklige barn utvikler 
evnen til å forutse ord i språkprosessering. I forbindelse med studien ønsker vi også å 
gjennomføre to av språktestene med voksne deltakere, slik at vi kan sammenlikne resultatene 
med barnas resultater. 
 
Studien er et masterprosjekt ved Institutt for lingvistiske og nordiske studier, ved Universitet 
i Oslo. Om dere har spørsmål om studien, kan du ta kontakt med meg (aytheima@uio.no) 
eller min hovedveileder Pernille Hansen (perniha@uio.no).  
 
Hva innebærer deltakelse i studien?  
Deltakelse i studien innebærer gjennomføring av et eksperiment på to ulike språk, og 
utfylling av et kort skjema. Du vil se to bilder av gangen mens du hører en setning, etterpå 
blir du bedt om å velge det bildet du mener passer best med setningen. Du vil gjøre dette på 
norsk og engelsk, med 1-2 uker mellom hvert språk. Underveis registreres øyebevegelsene 
dine ved hjelp av ”eye-tracking”-teknologi. Øyebevegelsene registreres av en liten boks som 
er plassert under skjermen som oppgavene presenteres på, og dette vil ikke merkes. For å 
kunne innhente så presise opplysninger som mulig, vil det også bli gjort videoopptak av 
deltakerne under gjennomføringen av testene. Eksperimentet vil ta ca. 10 minutter å 
gjennomføre hver gang. Eksperimentet er utarbeidet for å gjennomføres med barn, og kan 
derfor virke noe barnslige.  
  
Hva skjer med informasjonen?   
Alle personopplysninger vil bli behandlet konfidensielt. Kun prosjektgruppen vil ha tilgang til 
personopplysninger, og videoopptakene vil oppbevares beskyttet på Universitetet i Oslo sin 
dataserver. Alle opplysninger vil bli anonymisert i publikasjoner i forbindelse med studien.  
 
Prosjektet skal etter planen avsluttes 01.08.2021. Da slettes alle personlige opplysninger, og 
andre opplysninger avidentifiseres.    
  
Frivillig deltakelse  
Det er frivillig å delta i studien, og du kan når som helst trekke samtykke uten å oppgi noen 
grunn.  
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Dersom du samtykker til å delta i studien, vennligst signer den vedlagte 
samtykkeerklæringen og returner den så snart som mulig. Du kan også ta bilde av at du har 
signert samtykket og send det til oss på aytheima@uio.no. 

Har du spørsmål i forbindelse med denne forespørselen kan du kontakte Pernille Hansen på 
perniha@uio.no. 
 
Studien er godkjent av Personvernombudet for forskning, Norsk samfunnsvitenskapelig 
datatjeneste AS.  
  
 
 
Med vennlig hilsen  
  
 
 
 
Ane Theimann Pernille Hansen 
Masterstudent Postdoktor 
Institutt for lingvistiske og nordiske studier Senter for flerspråklighet 
Universitetet i Oslo Universitetet i Oslo 
aytheima@uio.no perniha@uio.no 
  
  
  



84 
 

Samtykke til deltakelse i studien Verb-mediated prediction in young bilingual 
children.  
 
 

☐ Jeg har mottatt informasjon om studien, og jeg 
 
 _________________________________ (fornavn) samtykker til å delta i denne.  
 
Fødselsdato:____________ 
 
Lenke til spørreskjemaer kan sendes til følgende e-postadresse (bruk blokkbokstaver): 
 
 
________________________________________________________________
_ 
  
  
 
 
 
--------------------------------------------------------------------------------------------------------------
--  
(Signert, dato)  
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Appendix C: Stimuli pictures 
Picture used for calibration:                                 

                                 

     

The subject of every sentence: the boy and the girl:  

                                                                   

 

Visual stimuli for the Norwegian sentences:  

Test trial: Jenta triller den røde ballen ‘The girl tosses the red ball’  
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Test trial: Gutten peker på den brune hunden ‘The boy points at the brown dog’                                                                                                                               

                          

Gutten spiser det grønne eplet ‘The boy eats the green apple’/ Gutten tar det grønne eplet  

‘The boy takes the green apple’ 

                                                   

Jenta er i det store badekaret ‘The girl is in the big bathtub)/ Jenta bader i det store badekaret 
‘The girl is bathing in the big bathtub’ 
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Gutten sover i den lille senga ‘The boy sleeps in the little bed’/ Gutten har den lille senga  
‘The boy has the little bed’ 

                                                 
Jenta bærer på den blå stolen ‘The girl carries the blue chair’/ Jenta sitter på den blå stolen 
‘The girl sits on the blue chair’ 
 

                                                                
 
Gutten mater den store måken ‘The boy feeds the big seagull’/ Gutten ser på den store måken 
‘The boy looks at the big seagull’ 
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Jenta går til det store vinduet ‘The girl goes to the big window’/ Jenta åpner det store vinduet 
‘The girl opens the big window’ 

                                                            
 
Gutten får den gule juicen ‘The boy gets the yellow juice’/ Gutten drikker den gule juicen 
‘The boy drinks the yellow juice’ 
 

                                                          
 
Jenta klemmer den grå bamsen ‘The girl hugs the gray teddy bear’/ Jenta holder den grå 
bamsen ‘The girl holds the gray teddy bear’ 
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Gutten finner den gule solsikken ‘The boy finds the yellow sunflower’/ Gutten vanner den 
gule solsikken ‘The boy waters the yellow sunflower’ 
 

                                                             
 
 
Jenta blåser de store såpeboblene ‘The girl blows the big bubbles’/ Jenta leker med de store 
såpeboblene ‘The girl plays with the big bubbles’ 

                                                            
 
Gutten liker den store bilen ‘The boy likes the big car’/ Gutten kjører den store bilen  
‘The boy drives the big car’ 
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Jenta rir på den brune hesten ‘The girl rides on the brown horse’/ Jenta har den brune hesten 
‘The girl has the brown horse’ 
 

                                                       
 
Gutten holder den gule bananen ‘The boy holds the yellow banana’/ Gutten skreller den gule 
bananen ‘The boy peels the yellow banana’ 
 

                                                      
 
Jenta tegner med den blå fargeblyanten ‘The girl draws with the blue color pencil’/ Jenta tar 
den blå fargeblyanten ‘The girl takes the blue color pencil’ 
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Visual stimuli for the English sentences: 

Test trial: The girl reads the new book  

                                                         

 

Test trail: The boy smells the blue flower 

                                                         

The boy takes the orange carrot/ The boy eats the orange carrot 
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The girl bathes the yellow duck/ The girl likes the yellow duck 

                                                             

The boy likes the brown couch/ The boy sleeps on the brown couch 

                                                       

The girl sits on the brown bench/ The girl looks at the brown bench 
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The boy looks at the big swan/ The boy feeds the big swan 

                                                             

The girl opens the big box/ The girl picks up the big box 

                                                    

The boy drinks the cold milk/ The boy gets the cold milk 
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The girl holds the big doll/ The girl hugs the big doll 

                                                            

The boy waters the red rose/ The boy finds the red rose 

                                                   

The girl plays with the red balloon/ The girl blows up the red balloon 
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The boy drives the big train/ The boy wants the big train 

                                                              

 

The girl has the yellow bike/ The girl rides on the yellow bike 

                                                     

The picture of the shoes was originally a fence, but was changed to fit the neutral sentence 

better  
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The boy peels the big orange/ The boy holds the big orange 

                                                  

The girl takes the blue crayon/ The girl draws with the blue crayon 
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Appendix D: Revised version of PaBiQ 
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Appendix E: Percentage of the children who 
knew the verbs in the stimuli 
 

Norwegian  %  English %  

Bade ‘bathe’ 94 Bathe  82 

Blåse ‘blow’ 100 Blow  32 

Drikke ‘drink’ 100 Draw  32 

Kjøre ‘drive’ 94 Drink  56 

Klemme ‘hug’ 88 Drive  50 

Mate ‘feed’ 50 Eat  69 

Rir ‘ride’ 44 Feed  19 

Sitte ‘sit’ 100 Hug  63 

Skrelle ‘peel’ n/a Open  56 

Sove ‘sleep’ 100 Peel  n/a 

Spise ‘eat’ 94 Ride 25 

Tegne ‘draw’ 94 Sit  56 

Vanne ‘water’ n/a Sleep  63 

Åpne ‘open’ 100 Water  n/a 

        

On average  88 On average  55 
 

An overview of the semantically constraining verbs used in the stimuli and the percentage of children who knew 

each verb, based on the results from CDI II. On average the children knew 88% of the Norwegian and 50% of 

the English semantically containing verbs.  
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Appendix F: Lay summaries 
Lay summaries in English and Norwegian.  

 

English summary 

This summary is for you who are not familiar with language experiments, but still curious 

about the predictive part of language processing. Language prediction means that we have an 

ability to anticipate words that commonly appear together, when we feel that we can almost 

hear the words before they have been uttered. For instance, if someone asks you Would you 

like coffee or …? you have probably already anticipated that the next word would be tea. 

Prediction of words that have not yet been uttered can be based on full words or even just 

sounds in the language, as well as the context the words appear in. We can for example 

predict upcoming words based on the information in some verbs; if you hear the verb eat you 

know that something edible must follow. In contrast, when you hear a more neutral verb, like 

see, almost any word can follow.  

Previous studies have shown that monolingual and bilingual adults, and monolingual children 

from the age of 2 years, can predict objects based on verbs. Many of these studies have shown 

a relationship between predictive ability and the vocabulary size, and a study of adults found a 

relationship between predictive ability and general cognitive control.  

The goal of this thesis was to investigate whether bilingual children too can predict words 

before they have been uttered. Specifically, I wanted to investigate if the children could 

predict based on the information in some verbs and from pictures they saw on a computer 

screen. I also wanted to investigate if there was a relation between the ability to predict and 

how many words the children could say, and with general cognitive control.  

16 Norwegian-English bilingual children aged two and a half to three years participated in the 

study. Predictive ability was tested by means of an eye-tracker, a small machine that measures 

where you are looking. The children were presented with sentences like This is a boy. The boy 

eats the green apple. While hearing the sentences, they saw three pictures on the computer 

screen, which matched the sentence, for example; a boy, an apple and a leaf. If the children 

looked towards the apple before the word apple was uttered, this would indicate that they 
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were able to predict. To measure cognitive control, the children were asked to sort cards by 

color and then by figure. This measures how good the children are at switching between two 

very similar tasks. In addition, the children’s caregivers were asked to fill out a form about 

vocabulary in Norwegian and English. 

Analyses of the results indicate that the children could predict, but only in Norwegian. There 

was a tendency of prediction in English, but the effect was not significant (i.e. too weak to 

draw solid conclusions from). There was a (non-significant) tendency of a relationship 

between the ability to predict in Norwegian and the size of the Norwegian vocabulary. There 

was no such relationship in English. No connection was found between prediction and 

cognitive control. 

The study concluded that like monolingual children, bilingual children between two and a half 

and three years can predict upcoming words in their dominant language. 
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Norsk sammendrag 

Dette sammendraget er for deg som kanskje ikke er kjent med språkeksperimenter, men 

likevel er litt nysgjerrig på delen av språkprosessering som kalles prediction på engelsk. 

Språklig prediksjon dreier seg om å forutse ord som ofte opptrer sammen, eller nesten høre 

ordene før de har blitt sagt. Hvis noen spør deg Vil du ha kaffe eller …? har du nok allerede 

forestilt deg at det neste ordet er te. Hvis du hører verbet spise vet du at det som følger må 

være noe spiselig. I motsetning kan nesten hva som helst komme etterpå når du hører verbet 

se.  

Tidligere forskning har vist at ettspråklige og tospråklige voksne, og ettspråklige barn helt ned 

til 2 år, kan predikere usagte objekt ord basert på verb. Barns evne til å predikere usagte ord 

ser ut til å henge sammen med hvor mange ord de kan, og en studie av voksne tyder på at det 

er en sammenheng mellom evnen til å predikere og generell kognitiv kontroll.  

Målet med denne masteroppgava var å undersøke om også tospråklige barn kan predikere 

usagte ord. Spesifikt ville jeg se om de kunne predikere ut ifra informasjonen i noen verb og 

ut i fra bilder de fikk se på en skjerm. I tillegg ønsket jeg å undersøke om det var en relasjon 

mellom evnen til å predikere og hvor mange ord barna kunne si, og med generell kognitiv 

kontroll.  

16 norsk-engelske tospråklige barn i alderen to og et halvt til tre år deltok i studien. For å teste 

om barna kunne predikere, brukte jeg en eye-tracker, en liten maskin som måler hvor du ser. 

Barna ble presentert for setninger som Her er det en gutt. Gutten spiser det grønne eplet. 

Samtidig som de hørte setningene fikk de se tre bilder på dataskjermen, for eksempel en gutt, 

et eple og et blad. Hvis barna så mot eplet før ordet eplet ble uttalt, ville dette tyde på at de 

var i stand til å predikere ordet. For å måle kognitiv kontroll ble barna bedt om å sortere kort 

etter farge og deretter etter figur. Dette måler hvor gode barna er på å bytte mellom to veldig 

like oppgaver. I tillegg ble barnas foresatte bedt om å fylle ut et skjema over norsk og engelsk 

ordforråd.  

Analyser av resultatene tyder på at barna kunne predikere ord før de har blitt sagt, men bare 

på norsk. Det var tendenser til prediksjon også på engelsk, men effekten var ikke signifikant 

(dvs. at den var for svak til å trekke slutninger fra). Det var også en (ikke signifikant) 

antydning til en sammenheng mellom evnen til å predikere på norsk og antall norske ord 
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barna hadde lært. På engelsk var det ingen tegn til sammenheng. Det var heller ingen 

sammenheng mellom evnen til å predikere og kognitiv kontroll.  

Studien konkluderte med at i likhet med ettspråklige barn kan også tospråklige barn i alderen 

to og et halvt til tre år kan predikere på det dominante språket sitt.  

 


