Cross-linguistic interaction, lexical representation, and
cognitive control in second language learners,
bilinguals, and trilinguals

Gregory J. Poarch

The research in this thesis was supported by a grant from the German Academic Exchange
Service (Deutscher Akademischer Austauschdienst, DAAD) to Gregory J. Poarch.
Cover design: Bastien Boutonnet
Cover art work: “Imaginarium 18” & “Imaginarium 22” by Raluca Pilat, Montréal
Printing: Ipskamp Drukkers
ISBN 978-94-6191-645-7
Copyright © 2013, Gregory J. Poarch. All rights reserved.

Cross-linguistic interaction, lexical representation, and
cognitive control in second language learners,
bilinguals, and trilinguals

Proefschrift

ter verkrijging van de graad van doctor
aan de Radboud Universiteit Nijmegen
op gezag van de rector magnificus prof. mr. S. C. J. J. Kortmann,
volgens besluit van het college van decanen
in het openbaar te verdedigen op dinsdag 02 april 2013
om 13.30 uur precies

door

Gregory Josef Poarch
geboren op 6 december 1969
te Valdese, North Carolina, U.S.A.

Promotor:

Prof. dr. A. G. van Hell

Manuscriptcommissie: Prof. dr. J. P. M. Fikkert
Dr. S. Unsworth (Universiteit Utrecht, Nederland)
Prof. dr. L. T. W. Verhoeven

!

V
!

Dankwoord / Acknowledgements
This thesis would not have been completed without the help and support of the
following individuals.
Janet van Hell, thank you for your patience and guidance, both in PhD matters and
beyond. Your positive and pragmatic approach helped me maintain my motivation and reach
my goals; from you I learned how much meticulous work goes into planning and setting up
experiments and into writing up research papers. I sincerely appreciate all you have done for
me. Paula Fikkert, Sharon Unsworth, and Ludo Verhoeven, thank you for taking the time to
read my thesis and for kindly accepting to be on my manuscript committee.
My paranimfen Gerrit Jan and Marijt. Gerrit Jan, thanks for answering even the
hundredth question concerning statistics, research design, you name it. Without you I would
simply have quit somewhere along the way. You got me through the rough spots and I looked
forward to our code-switched conversations on the Fridays I showed up in Nijmegen, both at
the BSI and after. Thanks also for all your proof-reading and for being the second translator
of my summary. I am forever indebted to you. Marijt, thanks for giving me the feeling that I
wasn’t alone. Chasing the finish line together kept me going and I’m glad we persevered. And
I very much appreciate you translating my summary into Dutch. You rock. Marlies, Sybrine,
and Joke, thanks for always showing interest and for your helpful hints and comments in the
past years. Ton Dijkstra, thanks for the conversations that luckily did not always only revolve
around research and for your guidance before I even got started on my PhD endeavor.
For helping me with stimuli list generation, proficiency measures, and collecting
experimental data, many thanks to Loes Janbroers and Yvonne Selten, Linde Mannie and
Evie van Heeswijk, Natalia Martyushova and Evgenia Mukha, and Constanze Dreßler and
Julia Poyant.
Judy Kroll at Penn State University, thanks for your advice and for welcoming me
during my brief visit, as well as Jason Gullifer and Cari Bogulski, for your help with R, and
Carrie Jackson, for giving me very valuable (and time-saving) SPSS advice.
Ellen Bialystok at the Cognitive Development Lab at York University, Toronto, thanks
for being an inspiration, for sparking my interest in research in Bolzano back in 2005, and for
accepting me as a postdoctoral fellow.
Jean-Marc Dewaele and Julia Festman, thank you for being the two colleagues I always
looked forward to meeting at conferences, for your support, and for being my fellow
trilingual parents.

VI
!

!

My two favorite French people: Guillaume Thierry and Bastien Boutonnet. Guillaume,
I love your enthusiasm; thanks for showing me how graphs can look even cooler, for inviting
me to Bangor (nice weather), and the hospitality, the cooking, and the laughter. Speaking of
which, Bastien, thanks for the serious fun we had; your great cover design work is very much
appreciated. Doug Davidson at the Basque Center on Cognition, Brain and Language in San
Sebastian, thanks for taking the time to explain mixed models and more, and Antonio Ibáñez,
for your invaluable e-prime hints. Iva Ivanova and Albert Costa in Barcelona, thank you for
letting me visit, and for your advice in the beginning stages of my research.
Tommi, thanks for your Little Red Riding Hood story-telling in Finnish and for
generally being a friend. René, you treated my backaches whenever I was stuck behind the
screen for too long and you listened to me rambling on about research. The ski posse Peter,
Michael & Dina, Maren, Markus, and Flippo: you kept me sane and graciously shared the
powder with me once a year (“No friends on powder days”).
Mijn Nederlandse familie: Bedankt Gonnie, Harry, Angelique (in Limburg) en Roland
(in Den Haag), voor jullie steun en dat ik altijd mocht logeren. And thank you for offering me
a first-hand look at diglossia. How cool is that?
My American family: Dad, thank you for always telling everyone what a very smart
son you had and for always trying to make me sing, for being the multilingual dad who spoke
not only native English but also fluent German, French, and Spanish, and for the
perseverance in donning your neon yellow jacket even though it had gone out of style thirty
years ago. You didn’t make it for this and I hope you can enjoy this wherever you are now.
“Don’t it always seem to go that you don’t know what you’ve got till it’s gone.” And Brandon
and Denyse, for being proud of me.
Meine deutsche Familie: Mom and Tassilo, danke für Eure immerwährende
Unterstützung, für Euren unerschütterlichen Glauben an mich und dafür, dass ihr einen so
guterzogenen Hund habt (wuff). Und möge das nächste Wildschein ein dickes sein. Thank
you, Maria, for boasting about your brother just like Dad did, for surviving when you needed
to survive, and for always trying to heal the world. May your aura always be the color it’s
supposed to be.
My family: Cacao, thanks you for always purring when I needed ‘someone’ to purr
and for the serenity that you exuded lying there on any piece of freshly washed clothing that
you could find. Loïc, thank you for being the inspiration for this book, for understanding that
time is a limited commodity, for skiing like lightning, and for being one of the funniest
trilinguals I know (which you must have gotten from your dad). And finally, Ellen, thank you
for your unyielding support and your never-ending patience, without which I wouldn’t have
been able to do any of this. Ohne Dich würde etwas Elementares in meinem Leben fehlen.
Und das möchte ich nicht. Thank you for being my true companion, my favorite travel
partner, and for our multilingual family. Dit boek is gewijd aan jou.

!

VII

Contents
Dankwoord / Acknowledgements

V

Chapter 1

1

Introduction
Current approaches to cross-language interaction in bilinguals and multilinguals
Theoretical models of lexical representation and processing in the bilingual lexicon
Effects of bilingualism on non-linguistic domains: The case of cognitive control
Language processing in child second language learners and language development
patterns in child bilinguals
The present thesis
References

11
13
17

Chapter 2

23

Cross-language activation in children’s speech production:
Evidence from second language learners, bilinguals, and trilinguals
Introduction
Experiment 2.1: Picture naming in child second language learners
Experiment 2.2: Picture naming in child bilinguals
Experiment 2.3: Picture naming in child trilingual second language learners
Experiment 2.4: Picture naming in child monolinguals
Experiment 2.5: Picture naming in adult bilinguals
General Discussion
References
Appendices

24
28
34
36
39
41
43
47
49

4
6
9

VIII !
!
Chapter 3

51

Cross-language activation in same-script and different-script trilinguals
Introduction
Experiment 3.1: L3-immersed same-script trilinguals naming in L2 and L3
Experiment 3.2: Non-L3-immersed same-script trilinguals naming in L2 and L3
Experiment 3.3: L3-immersed different-script trilinguals naming in L2 and L3
General Discussion
References
Appendices

52
55
62
64
68
72
74

Chapter 4

79

Accessing word meanings in beginning second language learners:
Lexical or conceptual mediation?
Introduction
Experiment 4.1: L2-L1 translation recognition
Experiment 4.2: Backward and forward translation
General Discussion
References
Appendices

80
85
89
93
97
99

Chapter 5

101

Executive functions and inhibitory control in multilingual children:
Evidence from second language learners, bilinguals, and trilinguals
Introduction
Experiment 5.1: Simon Task
Experiment 5.2: Attentional Networks Task
General Discussion
References

102
107
113
119
123

Chapter 6

127

Summary and discussion
Summary
General Discussion
Conclusion
References

128
135
144
145

Nederlandse samenvatting / Summary in Dutch

149

Curriculum Vitae

159

!

IX
!

Erkenntnis des Tages: Man muss nicht jeden Umweg machen.
Hape Kerkeling, 2006

X
!
!
List of Figures
Figure 2.1 Schematic representation of picture naming in German by German–
English bilinguals: (A) cognates; (B) noncognates

25

Figure 2.2 Cognate facilitation effect for L1 German and L2 English (Experiments
2.1, 2.2, 2.3, and 2.5)

33

Figure 3.1 Naming latencies (y-axis) and accuracy rates (z-axis) for L2 picture
naming (Experiments 3.1-3.3)

60

Figure 3.2 Naming latencies (y-axis) and accuracy rates (z-axis) for L3 picture
naming (Experiments 3.1-3.3)

61

Figure 4.1 The Revised Hierarchical Model (RHM; Kroll & Stewart, 1994)

81

Figure 5.1 Mean RTs for congruent and incongruent stimuli in the ANT by
language groups for Experiment 5.2. Error bars represent standard errors

117

Figure 5.2 Effect magnitudes (RT) in the ANT of the three language groups for
Experiment 5.2. Error bars represent standard errors

118

List of Tables
Table 2.1 Parents’ ratings of children’s proficiencies and TROG-D/TROG-2 results
in Experiments 2.1-2.4

29

Table 2.2 Stimuli characteristics for Experiments 2.1 to 2.4 and Experiment 2.5

31

Table 2.3 Mean RTs (in ms) and error-omission rates (ER; in %) for the blocked
German and English picture naming tasks in Experiments 2.1-2.5

34

Table 3.1 Mean years of foreign language instruction, immersion experience,
frequency of speaking, and proficiency scores in Experiments 3.1 to 3.3

56

Table 3.2 Word characteristics of the word types used in Experiments 3.1 to 3.3

57

Table 3.3 Mean response times (in ms), accuracy rates (in %), and cognate effect
magnitudes by word type for the trilinguals’ L2 and L3 picture naming in
Experiments 3.1 to 3.3

59

Table 4.1 Means for participants’ age, length of instruction, language experience,
frequency of English usage, and proficiency measure response times and
accuracy rates

86

Table 4.2 Mean reaction times (in ms) and accuracy rates (in %) for Experiment 4.1

89

Table 4.3 Mean response times (in ms) and error rates and omission rates (in %)
for Experiment 4.2

91

Table 5.1 Characteristics of participant groups

109

Table 5.2 Mean RTs (ms) and ERs (%) for the Simon Task by language group for
Experiment 5.1

112

Table 5.3 Mean RTs (ms) and ERs (%) for the ANT by language group in
Experiment 5.2

116

1

Introduction
CHAPTER

1

ABSTRACT
This chapter introduces the three central topics of this thesis: cross-language
interaction during lexical access and language production, word representation and
processing, and cognitive control. First, an overview is given of current approaches to crosslanguage interaction in bilinguals and trilinguals, drawing on research on speech production
in bilinguals and models of lexical access. Next, theoretical models of word representation and
processing in second language acquisition and the bilingual lexicon are highlighted, focusing
above all on the Revised Hierarchical Model (e.g., Kroll & Stewart, 1994) and the Distributed
Feature Model (e.g., De Groot,1992; Van Hell & De Groot, 1998) as well as on the dynamics of
second language development in learners. This is followed by a discussion of the effects of
bilingualism on non-linguistic domains such as cognitive control in second language learners,
bilinguals, and trilinguals. Finally, a brief overview will be given on language processing in
child second language learners and the language development patterns in child bilinguals. The
chapter ends with a brief overview of the empirical chapters reported in this thesis, in which
the above-mentioned topics were explored both in children and adults.
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CHAPTER 1
Introduction

When individuals who are proficient in more than one language engage in any activity
based on language, be it reading, listening, or speaking, there is evidence that activation of
linguistic elements is not restricted to one of their languages. It is much more so that all the
languages multilinguals have at their disposal are activated in parallel (Bialystok, Craik, Green,
& Gollan, 2009; Costa, 2005; Kroll, Bobb, & Wodniecka, 2006). While this may become
overtly evident in the accented second language use of second language learners, or in their
intermittent usage of L1 words and/or L1 word order in their L2 speech production, there is
also evidence that there is activation of the other language(s) in highly proficient bilinguals.
For example, in word production, parallel activation of languages has been shown in
studies of speech errors in the form of intrusion of L1 language word features in L2 target
language production by Dutch second language learners of English (Poulisse, 1999), in
investigations of lexical inventions in third language learners of English (Dewaele, 1998), in
studies on language transfer and phonological awareness in children during bilingual
development (Verhoeven, 1994; 2007), in picture-naming studies using cross-language word
distractors (Hermans, Bongaerts, De Bot, and Schreuder, 1998), and in picture-naming
studies employing between-language cognates to tap into cross-language interaction (Costa,
Caramazza, Sebastián-Gallés, 2000; Kroll, Dijkstra, Janssen, and Schriefers, 2000; see cognate
effects section below for a detailed description). In word recognition, the parallel activation of
two languages (Brysbaert, Van Dyck, Van de Poel, 1999; Dijkstra & Van Heuven, 2002;
Ormel, Hermans, Knoors, & Verhoeven, 2011; Marian & Spivey, 2003; Spivey & Marian, 1999;
Van Heuven, Dijkstra, & Grainger, 1998) or even three languages (Lemhöfer, Dijkstra, &
Michel, 2004; Van Hell & Dijkstra, 2002) has also been widely documented using, for
example, lexical decision, progressive demasking, and masked phonological priming tasks.
What all these studies have shown is that even if the task at hand calls for only one of a
multilingual’s languages to be active, the other language(s) also become active and may
facilitate or impede performance. In light of the fact that more than half of the world’s
population is multilingual (Gardner-Chloros, 2009), and an ever-growing number of
individuals are becoming multilingual (Bhatia & Ritchie, 2004) or are being raised in a
multilingual environment (Crystal, 1997), the above-mentioned issues affect the majority of
the world’s inhabitants. This naturally pertains to the child growing up with two languages
from birth just as much as for the teenager learning a second language at school and the adult
learning a third language abroad. As such, not only do multilinguals need to deal with this
cross-language interaction in language comprehension and production (Dewaele, 2007a), they
also need to continuously integrate new words and constructions into their mental lexicon.
How early and late learners of a second language integrate novel L2 word forms and
meanings into an already existing language system has been shown to depend on a multitude
of factors such as type of word being learned (Van Hell & De Groot, 1998), learning strategy
(Comesaña, Perea, Piñeiro, & Fraga, 2009), and relative language proficiency (Sunderman &
Kroll, 2006). Researching this also provides a unique window onto the dynamic nature of
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cognitive development more generally. After all, lexical and conceptual knowledge of second
language learners is in a continuous flux and changes dynamically over time (Kroll, Michael,
Tokowicz, & Dufour, 2002; Schwieter & Sunderman, 2011). This, incidentally, is not only the
case for second language learners but also for bi- and multilinguals, whose languages are “in
slow but constant motion” (Dewaele, 2007b, p. 122).
This dissertation explores three issues that multilinguals are confronted with: crosslanguage activation of multiple languages during language production, access to the mental
representations of words, and the effects that negotiating between two or more languages have
on multilinguals’ general cognitive systems, namely on cognitive control. In particular, these
issues were explored in unique groups of speakers that have so far been little researched, and
that, critically, should provide unique information about language processing and language
coactivation as well as lexical and conceptual representation in the bilingual and multilingual
lexicon: (1) in children who, partially immersed in their L2, were still in the process of
developing their first language(s), in contrast to adult second language learners and bilinguals
in whom first language acquisition is already completed and on whom most research
regarding bilingual language processing so far has been done, and (2) in adults who need to
juggle three languages and who differed in whether they had been or were immersed in one of
their nonnative languages. Particularly the children’s performance should yield novel
theoretical insights into lexical retrieval processes, as it offers a greater time window to
observe lexical retrieval processes and investigate cross-linguistic activation phenomena in
more detail. Furthermore, the study of these groups provides novel insights into the role of
relative language proficiency and language exposure in modulating language coactivation and
the consequences on cognitive control.
There are several specific reasons to study the above-mentioned issues in these
particular groups of speakers. First, it is of interest how these multilinguals manage to perform
language-related tasks in light of the ubiquitous evidence of cross-language activation (Van
Hell & Tanner, 2012), which should differ across groups as a function of their relative L2
proficiency. Second, there is the question of whether the fact that these children necessarily
need to exercise language control in order to use the target language while disregarding the
non-target language(s) has any repercussions on their cognitive control in non-linguistic
domains (Bialystok, Craik, Klein, and Viswanathan, 2004). If this were the case, then cognitive
control should also be expected to differ across groups as a function of relative language
proficiencies and how many and how often languages need to be controlled by the speakers.
Finally, it should prove insightful to explore to what extent these individuals’ co-activation
patterns can be explained by cognitive models of bilingual language production (Costa, 2005;
de Bot, 1992, 2004; Kroll, Bobb, & Wodniecka, 2006), by accounts of developmental aspects of
language acquisition in form of relative language proficiencies and age of acquisition (Kroll &
Tokowicz, 2005), and by accounts of immersion experience (Linck, Kroll, & Sunderman,
2009). While the children involved in the studies reported in this thesis were unique in that
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they had been partially immersed in their L2 at kindergarten/school, the adult trilinguals had
had differing immersion experience in their L2 and L3.
In the remainder of this introductory chapter, I will first give an overview of models of
language production and lexical access, with a specific focus on cross-language activation
processes. In the next sections, I will take a closer look at how words are represented in the
bilingual lexicon and how these representations may dynamically change with growing
speaker proficiency over time. Next, the effects of bilingualism on non-linguistics domains
will be considered by briefly reviewing studies reporting cognitive enhancement for bilingual
compared to monolingual individuals. Finally, a brief overview will be given of the
participants who took part in the experiments reported in this thesis and the various tasks
used will be outlined. As Chapters 2-5 in this thesis were written as independent sections, it is
inevitable that some aspects in this introduction will be repeated in other Chapters.

Current approaches to cross-language interaction in bilinguals and multilinguals
Language production and models of lexical access
In models of word production, lexical access is displayed as a two-step process,
beginning with the spread of activation from concept to lemma, that is, from the conceptual
representation of an item to its semantically-relevant information (e.g., Jescheniak & Levelt,
1994; Levelt, 1989; Levelt, Roelofs, & Meyer, 1999; Roelofs, 1992; Schriefers, Meyer, & Levelt,
1990). The latter consists of syntactic properties such as word type and/or gender. These
properties are thus activated and made retrievable in the lemma selection process. Only then
are a word's phonological features, the word form or lexeme, accessed. These models are
called serial discrete models of lexical access, assuming the two-step architecture outlined
above. Alternative models, so-called cascading activation models and spreading-activation
models, assume that the mediating function of the lemma between the conceptual
representation and the lexeme is unnecessary (e.g., Caramazza, 1997; Caramazza & Miozzo,
1997, 1998; Dell, 1986; Dell & O’Seaghdha, 1992; Harley, 1993; Peterson & Savoy, 1998).
Consequently, the lemma and the lexeme are assumed to be accessed in parallel. Both types of
models describe the general process of word production, and do not make any specific
predictions with regard to lexical access in bilingual speakers. In the next section, I specifically
focus on lexical selection in bilingual speakers.

Theoretical models of lexical access and selection in bilingual speakers
In models of lexical access in bilingual speech production, there is the predominant
need to posit a language cue that ensures that at a given point, during the process of word
retrieval up to articulation, the target language is selected.
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Several models have been proposed to explain target language selection in bilingual
language production, positing activation and selection at various points during lexical access.
This has resulted in models assuming a language-selective mechanism of lexical access and in
various models assuming a language-nonselective mechanism of lexical access. These models
differ in their assumptions on the locus of cross-language activation in lexical selection.
The language-selective mechanism model suggests that, while non-target language
words do become activated initially, they do not become candidates in the lemma selection
process, which means that they either become deactivated or receive substantially less
activation before lemma selection takes place, rendering one of the bilingual’s languages
ineligible as candidate for further processing. Kroll et al. (2006: 124) compared the selection
process in this model to a ‘‘mental firewall” in which a language cue only activates alternatives
on one side, the target-language side, of the wall. A weaker version of the language-specific
model assumes that the language cue acts to set the activation level higher for candidates in
the target language, thereby avoiding potential competition between them at the point when
selection occurs. This then implies that, in the end, only target-language words compete for
selection during lexical access (e.g., Costa & Caramazza, 1999; Costa, Miozzo, & Caramazza,
1999; Costa, 2005; La Heij, 2005).
Alternatively, in models assuming a language-nonselective mechanism, both the
language in which an utterance is to-be-made and the language not intended for use are
activated at least up to lemma selection, after which nontarget language activation is finally
inhibited to allow target language production (e.g., Hermans et al., 1998; Poulisse, 1999;
Poulisse & Bongaerts, 1994;). This nontarget language activation can influence processing up
to the phonological level (Colomé, 2001; Costa et al., 2000; Hoshino & Kroll, 2008; Kroll et al.,
2000), or even beyond the phonological level (Jacobs, Gerfen, & Kroll, 2005). A paradigm that
has been widely used to tap into the bilingual access and selection mechanism is the picture
naming task using cognate and noncognate pictures as the critical manipulation. In Chapter 2
of this thesis, second language learners, bilingual, trilingual, and monolingual children as well
as bilingual adults were tested using this paradigm. The same was true for three groups of
trilingual adults tested in Chapter 3.
Cognate facilitation during lexical retrieval
Cognates are word translations between to (or more) languages that are similar in
phonological form and/or in orthographic form, while noncognates have clearly distinct
phonological and orthographic forms. In past research, bilinguals have been found to name
pictures with cognate names in their two languages faster and more accurately than
noncognate pictures with two distinct names in the bilinguals’ two languages. The obtained
cognate facilitation effect in naming pictures (Costa et al., 2000; Costa, Santesteban, & Cano,
2005; Hoshino & Kroll, 2008; Kroll et al., 2000) has been taken to suggest that the nontarget
language lexical candidates remain activate up to the level of phonology. Furthermore, the
cognate facilitation effect has also been found in only the weaker of the bilingual’s languages
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(Kroll et al., 2000) or both the weaker and the stronger language (Costa et al., 2000),
indicating that the effect is modulated by relative language proficiency and possibly the age of
acquisition and length of immersion in the weaker language. In essence, the finding that
cognates are named faster and more accurately than noncognates has been explained by
assuming that there is language-nonselective lexical access in bilinguals and that lexical
candidates in both the target language and, critically, the nontarget language are active up to
the level of phonology. This additive activation causes cognate names to be retrieved and
finally produced faster than noncognate names (see Introduction in Chapter 2 for a more
detailed account of the cognate facilitation effect).

Theoretical models of lexical representation and processing in the bilingual lexicon
Languages are made up of words as their basic constituents. Throughout their
language development, children acquire detailed knowledge concerning a steadily growing
number of words and these words’ corresponding multiple meaning aspects. One of the key
questions in research on the cognitive mechanisms of second language learning is then how
second language learners, who already have in place the basic connections between L1 word
forms and their meanings, acquire new second language (L2) word forms and meanings.
Furthermore, it is of interest how early and late L2 learners, depending on relative L2
proficiency, access the meanings of L2 words and how this may change with growing L2
proficiency. We will now focus briefly on the theoretical models on lexical (word form) and
conceptual/semantic (meaning) representation in L2 learners (making no distinction between
semantic and conceptual levels; cf. Francis, 2005).
Theoretical models on the bilingual mental lexicon typically make a distinction
between the shared conceptual-semantic representations for both languages, and separate
lexical representations in the L1 and the L2. To describe the bilingual mental lexicon and the
processing of words in more detail, two kinds of models have been forwarded. There are
models that focus on word form-to-meaning mappings, and how these possibly develop and
change during L2 acquisition (for a review, see Kroll & Tokowicz, 2001). These models are
also relevant in Chapter 4 of this thesis as they pertain to L2 learning and the consequences
for lexical and conceptual representations and processing. Other models focus on fluent
bilinguals and how they activate lexical information (for a review, see Thomas & Van Heuven,
2005).
Potter, So, Von Eckhardt, and Feldman (1984) put forward the word association
hypothesis and the concept mediation model to describe L2 learners’ lexical and conceptual
representations. Both models posit a strong link between the lexical store for L1 words and the
shared conceptual store. Where the models differ is in how the meaning of L2 words is
accessed: in the concept mediation model, L2 word forms are directly linked to the conceptual
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store, while in the word association model, L2 word forms access meaning indirectly via the
lexical link to the L1 word form and then to the conceptual store.
Combining these two models, the Revised Hierarchical Model by Kroll and Stewart
(1994; for an update, see Kroll, Van Hell, Tokowicz, & Green, 2010) aimed to capture the
developmental aspect in the process of L2 users becoming more proficient in the L2. It was
hypothesized that the two models by Potter et al. (1984) characterized either beginning L2
learners (word association model) or proficient L2 users (concept mediation model). Thus the
Revised Hierarchical Model (RHM), as an integrated model, postulates that relative L2
proficiency is the factor that determines how strong, on the one hand, the links between L1
word forms and L2 word forms are and, on the other hand, between each of these individually
and the conceptual system. It was hypothesized that these differences in link strength were
responsible for beginning L2 learners to initially access L2 word meaning using the strong
lexical link to the L1 word form and then the strong conceptual link to the conceptual store.
Only later in their L2 learning process and with higher proficiency are L2 learners able to
exploit the conceptual store directly via the strengthened L2-to-concept link. In other words,
with growing L2 proficiency there is a gradual shift from ‘lexical mediation’ to ‘concept
mediation’ during word processing.
One assumption in these models is that there is shared meaning of L1-L2 translation
equivalents and that both words access only a single concept. This assumption, however, does
not seem to hold for all types of words in a bilingual’s mental lexicon. As Van Hell and De
Groot (1998) showed in a study using a word association task, Dutch-English bilinguals
retrieved associates (both within- and between-language) for cognate words differently than
for noncognate words and for concrete than for abstract words. Critically, the bilinguals more
often named associations that were translations between Dutch and English for cognate and
concrete words than for noncognate and abstract words. This suggests that the conceptual
overlap between words is critical and that fully shared conceptual representations may be
more likely for some types of words (e.g., concrete cognate nouns), while other word types
may have only partially or no overlapping conceptual representations (e.g., abstract
noncognate verbs).
To capture this notion of graded conceptual representation, De Groot, Van Hell, and
colleagues developed the Distributed Feature Model (e.g., De Groot, 1992; Van Hell & De
Groot, 1998). This model attempts to incorporate similar and varying lexical and conceptual
representations across languages in terms of, for example, the number of shared lexical and
semantic features. As such, the proposal put forward by Finkbeiner, Forster, Nicol, and
Nakamura (2004), which assumes that L1 dominant bilinguals know more senses or meanings
associated with L1 words than with L2 words, is a reflection of the Distributed Feature
Model’s suggestion that L1-L2 translation word pairs may access different conceptual
representations.
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Accessing the meaning of second language words
How do second language learners and bilinguals access L2 word meaning? The
Revised Hierarchical Model purports that in beginning L2 learners the L2 form-to-concept
connections are not yet very strong, which makes it necessary to rely more on a word’s form
than on its meaning. More advanced L2 learners, however, are able to rely more on word
meaning than on form.
A task that has often been used to examine how second language learners and
bilinguals access the meaning of words in their L2 is the translation recognition task. Talamas,
Dufour, and Kroll (1999) presented two words to less and more-proficient bilinguals. In some
of the word pairs, the second word was semantically-related to the correct translation (e.g.,
GARLIC-CEBOLLA ´onion´, instead of GARLIC-AJO as in the correct translation), was
lexically-related to the correct translation (e.g., GARLIC-OJO ´eye´,), or was an unrelated
incorrect translation. The participants then had to decide whether or not the second word was
the correct translation of the first word. The results showed that the less fluent bilinguals were
more affected by interference of the word form, while the more fluent bilinguals suffered
more from semantic interference. These results were interpreted as corroborating the
predictions by the RHM that there is a form to meaning developmental shift in L2 learners as
their L2 proficiency grows. Similar findings were also reported by Ferré, Sánchez-Casas, and
Guasch (2006) for Catalan-Spanish speakers of low- and high proficiency. In a study by
Sunderman and Kroll (2006), word form interference effects in L2 learners decreased with
growing L2 proficiency, although the authors found not only form but also meaning
interference in the less proficient L2 learners. In other studies, meaning interference has also
been found in beginning L2 learners (e.g., Altarriba & Mathis, 1997; Comesaña et al., 2009).
The study by Comesaña and colleagues (2009), for example, indicates that the
conditions of L2 word learning may have an effect on how strongly L2 word forms are
mapped to the corresponding concepts. In a single vocabulary learning session, they had
children learn novel L2 words either through L2-picture association learning or through L2L1 word association learning. In a subsequent translation recognition task, only those children
who had undergone L2-picture association learning showed significant semantic interference.
Such semantic effects in the beginning stages of L2 learning indicate an effect of the L2
learning conditions, and that in this case particularly the development of L2 word-to-concept
mappings may have been boosted by the use of pictures. A recent neurocognitive L2 learning
study by Jeong, Sugiura, Sassa, Wakusawa, Horie, Sato, and Kawashima (2010) offers evidence
that retrieval of L2 words activates distinct cortical structures depending on whether the L2
words are learned via the written L1 translations or in context-rich, real-life situations. The
interconnections in the neural network for lexical and conceptual knowledge in second
language learners may thus be profoundly influenced by differences in learning strategy.
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Effects of bilingualism on non-linguistic domains: The case of cognitive control
Using two or more languages regularly has been shown to broadly impact both
language and cognitive functions of bilinguals. On the one hand, the impact of juggling two or
more languages on both language acquisition and processing has been found for such
domains as the mental lexicon and lexical retrieval, for example, in the form of bilinguals
typically needing more time to retrieve words form their mental lexicon than monolinguals
(e.g., Christoffels, Firk, & Schiller, 2007; Gollan, Montoya, Cera, & Sandoval, 2008; Ivanova &
Costa, 2008; Kroll et al., 2006; see also Hanulova, Davidson, & Indefrey, 2010, for a review).
On the other hand, the impact of dealing with multiple languages on nonverbal cognitive
processing refers to effects found in tasks that require speakers to switch between tasks and/or
inhibit distracting information. In such tasks, bilinguals have been found to outperform
monolinguals (Costa, Hernández, Sebastían-Gallés, 2008; Meuter & Allport, 1999; see
Bialystok, 2009, for a review). One explanation for this often reported phenomenon is the
bilinguals’ need to ultimately select one language from two or more alternatives to produce
target language utterances. In other words, during lexical retrieval, all languages are
inadvertently activated, which causes a conflict to arise that needs to be resolved. This conflict
calls for and recruits the executive control system, a system that is known to generally resolve
conflict in domains of cognitive processing. Having to rely on this cognitive control
mechanism regularly and more frequently than monolinguals may enhance the efficiency of
these general executive control processes in bilinguals compared to monolinguals.
The notion that bilinguals rely on inhibitory control during speech production was
proposed by Green (1998) in his inhibitory control (IC) model. In this model, potential
competitors for production are reactively inhibited at a given point during the process of
language production to ensure target language performance. Furthermore, neurocognitive
research has identified specific areas of the brain that are jointly involved in cognitive control
and linguistic processes, namely regions in the anterior cingulate cortex and the left prefrontal
cortex (e.g., Fan, Flombaum, McCandliss, Thomas, & Posner, 2003; see Roberts & Hall, 2008,
for a review). As such, the joint activation explains how dealing with multiple languages on a
daily basis could have an effect on bilinguals’ cortical and subcortical structures involved in
nonverbal executive control, an effect suggested by Bialystok (2001) as possibly stemming
from an enhancement in the frontal lobe region. This effect, however, has been predominantly
explored in monolingual and bilingual populations. Early second language learners and
speakers of more than two languages have so far been underrepresented in research. Chapter
5 of this thesis reports two experiments on executive functioning in child second language
learners and multilinguals, as well as child bilinguals and monolinguals.
While in earlier research, advantages for bilinguals over monolinguals were found
predominantly in linguistic tasks such as the Stroop color-word task (Stroop, 1935; see
MacLeod, 1991, for a review), in which form was relevant and meaning needed to be ignored,
a number of non-verbal tasks that require avoiding distraction caused by misleading cues have
since then been employed to tap into executive functions/cognitive control of various
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bilingual populations. For example, the dimensional change card sort task (DCCS), developed
by Zelazo, Frye, and Rapus (1996), was used by Bialystok (1999) to compare bilingual and
monolingual children in their ability to switch from a once established rule to a new rule, as
required by the DCCS. She found bilingual children to be significantly better at switching to
the new rule, as did Bialystok and Martin (2004). Inhibiting a first learned response and
switching to a new one has also been studied in preverbal bilinguals. Kovács and Mehler
(2009), for example, found evidence for bilingual cognitive advantages as early as in 7-monthold infants, which they attributed to the infants’ perceiving and processing multiple languages
from birth onwards.
The Simon task (Simon & Rudell, 1967) calls for participants to inhibit a prepotent
response tendency caused by the need to respond accordingly to incongruent versus
congruent stimuli. Again, a bilingual advantage has been found in dealing with the conflict in
this task in particular in young children and elderly adults (Bialystok et al, 2004). While the
authors found little differences between bilingual and monolingual young adults, enhanced
cognitive control was found in young adult bilinguals in the attentional network task (ANT;
Fan, McCandliss, Sommer, Raz, & Posner, 2002) by Costa and colleagues (2008) and Colzato,
Bajo, Van Den Wildenberg, Paolieri, and colleagues (2008). This task also exhibits congruent
and incongruent stimuli, the latter calling for conflict resolution in responding accordingly to
the stimuli.
Finally, a recent study by Blumenfeld and Marian (2011) tested bi- and monolinguals
using an auditory comprehension task in which within-language competition arose.
Participants were presented with spoken English words and had to identify these words
among four pictures, during which eye movements were tracked. The critical manipulation
was a similar sounding within-language competitor picture (e.g., plug) that accompanied each
target picture (e.g., plum). Critically, monolinguals displayed stronger competitor inhibition
than bilinguals. These findings of differences between bilinguals and monolinguals in
inhibitory control to resolve within-language competition led the authors to conclude that
linguistic experience can shape the cognitive control mechanism in bilinguals.
What all these studies suggest is that being subjected to and negotiating between two
or more languages may cause advantages for bilinguals in inhibitory control and task
monitoring to arise. The focus of research in the area of nonverbal effects has been mainly on
comparing bilinguals to monolinguals, while individuals in the developmental process of
becoming bilingual, second language learners, on the one hand, and individuals who navigate
three languages and who thus may accrue even more practice in inhibiting and monitoring,
on the other hand, have so far been neglected. In Chapter 5 of this thesis, an attempt is made
at shedding light on exactly this area.
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Language processing in child second language learners and language development
patterns in child bilinguals
As pointed out earlier, most of the work on the psycholinguistics of bilingualism has
focused on adult second language learners and bilinguals. In this regard, Paradis (2007, p.
401) remarks that there is a need for exploring second language acquisition in children in
order to gain a better understanding of child language development “in the school years
because dual language children are the majority globally”. Also, recent neurolinguistic
findings have shown reliable differences between L1 and L2 activation patterns particularly for
speakers with late L2 onset, low L2 proficiency, and low L2 exposure compared to bilinguals
who had acquired both languages during childhood (e.g., Indefrey, 2006). It therefore seems
only pertinent to explore language processing and developmental patterns in child second
language learners, bilinguals, and trilinguals whose language learning histories and language
use differ. Thus, the aim of the research reported in the present thesis was to test current
models of lexical retrieval and of cross-language activation — and possibly these models’
implications for education —and to examine language processes in the early stages of L2
acquisition in children. Consequently, as most of the research reported here was carried out
with children, we now turn to research that has explored second language learning in
children, the processing of multiple languages in children, and developmental patterns in
varying types of child bilinguals.
The few studies on language processing in bilingual children have done so focusing on
lexical processing (van der Linden, 2001), syntactic processing (Müller & Hulk, 2001), and
orthographic and phonological processing (e.g., Comesaña & Fraga, 2006). Only recently have
there been attempts at tapping into the word-to-concept mappings in children who were
beginning L2 learners and how L2 proficiency may influence cross-language activation. The
study by Comesaña et al. (2009), for example, looked more closely at the conditions of L2
word learning and how these may affect how strongly L2 word forms are connected to the
corresponding concepts. In a recent study by Brenders, Van Hell, and Dijkstra (2011) using
cognate manipulation in word recognition, Dutch children who were classroom learners of L2
English with varying lengths of L2 exposure and correspondingly varying levels of L2
proficiency showed cognate facilitation effects (as a sign of cross-language activation) in the
L2 only when the stimuli list contained cognates and noncognates only. This corroborated
earlier findings on the appearance of cognate effects being linked to sufficient nontarget
language proficiency. Critically, however, when interlingual homographs (‘false friends’ such
as the word ‘ANGEL’, meaning ‘HOOK’ in Dutch) were added to the stimuli list, a cognate
inhibition effect was found in these L2 speakers of low and moderate proficiency. This led the
authors to suggest that L2 word-to-concept mappings were not sufficiently developed to allow
the children to process false friends accordingly and for a more robust cognate effect to
appear. Overall, what these studies suggest is that exploring cross-language activation and
word-to-concept mapping in children allows researchers to tap into these children’s dynamic
language systems, in which processing may still be less robust than that found in adults, and
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in turn may offer a more fine-grained view of developmental issues in bilingual language
development.
A final issue that merits highlighting, given the populations tested in this thesis, is the
developmental pattern in varying types of child bilinguals and bilingual language
development in children (see De Houwer, 2009 and Paradis, Genesee, & Crago, 2011, for
detailed descriptions). The prominent research questions in the domain of bilingual language
development have focused on, amongst others, whether the course of language acquisition in
each language follows the same milestones as that of monolingual children, up to which age
one may speak of simultaneous bilingual language acquisition and at which age successive
language acquisition begins, and what repercussions these differences in order of acquisition
may have on the language systems of these children. According to De Houwer (2009) and
Genesee and Nicoladis (2007), one speaks of bilingual first language acquisition (BFLA) when
children have input in and grow up with two languages from birth simultaneously. In
contrast, if the second language is learnt after the age of approximately three, it is defined as
early second language acquisition (ESLA, see also Baker, 2011).
Generally, there is little agreement in the literature concerning a distinct time
threshold or boundary before which children need to have had input in the second language
for “ultimate attainment” (see, e.g., Meisel, 2010, for a discussion). Of particular interest in
this thesis is the development of the lexicon. As such, BLFA children follow the same
trajectory in either of their languages in reaching specific milestones such as first word
utterances and two-word constructions as do monolingual children. Moreover, if bilingual
children learn each new word while acquiring the translation equivalent in the other language
of their two L1s (e.g., Deuchar & Quay, 2000; Nicoladis, 1998), then one could assume that
word-to-concept mappings should also develop simultaneously and in parallel for both
languages. In contrast, ESLA children need to map novel L2 words to concepts that are
already more strongly linked to the L1 translation equivalent. It remains an open question
whether the process of integrating new L2 words into the mental lexicon is the same for ESLA
children as for adult L2 learners, in whom the L1 word-to-concept links have possibly been
fully developed. Furthermore, differences in this process may also have repercussions on how
permeable the language systems are for cross-language interaction to manifest itself in BFLA
children in contrast to ESLA children and adult L2 learners.
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The present thesis
The present thesis reports a series of experiments in which cross-language interaction,
word representation, and cognitive control were studied in unique participant groups of
varying ages, proficiencies, and immersion experience using cued picture-naming tasks in
participants’ L1 and L2 (Chapter 2) and L2 and L3 (Chapter 3), translation recognition and
backward and forward translation (Chapter 4), and nonverbal cognitive control tasks
(Chapter 5).
Participants tested in this thesis
The participants in Chapters 2 and 5 of this thesis were 5- to 8-year-old children who
at the time of testing were living in a mainly monolingual German setting in Frankfurt,
Germany. Apart from the monolingual control groups, who were composed of L1 German
children enrolled in a (monolingual) German primary school, the other groups (second
language learners, bilinguals, and trilinguals) were all enrolled in a bilingual German-English
kindergarten or primary school and had been continuously immersed in this bilingual
environment for a substantial amount of time. These unique groups of participants were of
particular interest because they had all been raised in the same environment and similar
school language environments but with clearly distinct language combinations in their
families. Moreover, the participants in these groups were homogeneous in regards to their
families’ relatively high socio-economic background. Furthermore, the onset of the additional
language had either begun at birth as bilingual first language acquisition (Experiments 2.2,
2.3) or had begun clearly before their first language(s) had been fully acquired and had thus
still been developing (Experiment 2.1). It was assumed that exploring cross-language
activation and the effects of bilingualism in these participants would yield novel insights into
the developing language systems of second language learners and multilinguals. The
performance of these children was contrasted with that of a monolingual control group
matched in age and socio-economic status. The monolingual children were speakers of
German and had not had any foreign language input previously. Finally, in Experiment 2.5,
highly proficient, adult German-English bilinguals were tested. These participants were
university students enrolled in the English Studies program at Goethe University Frankfurt
and had used their L2 English extensively throughout their lives, be it as an exchange student
and/or as an au pair in an English speaking country. This adult bilingual group was of interest
as they were similar to the bilinguals tested by Kroll and colleagues (2000), in that they had
acquired their L2 relatively late (i.e., after age 8), while at the same time they were highly
proficient in both languages, similar to the bilinguals in the study by Costa and colleagues
(2000). The paradigm used in both these studies was a picture naming task with a cognate
manipulation, similar to that used in Chapters 2 and 3 of this thesis. Thus, age of acquisition
and relative language proficiencies were the factors that were assumed to influence the
permeability of the languages for cross-language activation.
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In Chapter 3, the participants were three groups of adult trilinguals. The first group
consisted of German-English-Dutch trilinguals who had learned English at school at the age
of ten and had been immersed in their L3 Dutch as students in the Netherlands for around a
year. The second group was made up of Dutch-English German trilinguals who had learned
their second and third language at school after the age of ten and were immersed in their
native-language environment. The third group consisted of trilingual native speakers of
Russian who had learned English from around the age of ten onwards and had been immersed
in German for around six years. These groups are particularly interesting as they showed
varying profiles in regards to relative language proficiencies and their length of immersion in
L2 and, critically, in L3. These differences were perceived to have a possibly modulating effect
on the trilinguals’ access to target language and the accompanying cross-language activation
of the nontarget languages.
Finally, the participants in Chapter 4 were 10- to 11–year-old Dutch children learning
English as their second language at primary school. These children had had one hour of
weekly English lessons for eight months and were thus considered beginning L2 learners of
English. As such, Dutch children are also frequently exposed to English in their lives outside
of school, through television, music and other forms of mass media such as the internet. It
should be informative to tap into word representation in these children to shed light on the
question whether there is possible direct access to meaning even at the beginning stages of L2
learning.
Overview of the empirical studies in this thesis
Chapter 2 reports a study in which cross-language activation was explored using cued
picture naming with a cognate manipulation in various groups of speakers: children who were
in the process of learning English as a second language, German-English bilinguals who had
had dual language input from birth, German-English-Language X trilinguals who had had
input from two of the three languages from birth (Experiments 2.1, 2.2, & 2.3), German
monolingual children who had previously had no input in any other language than German
(Experiment 2.4), and finally highly-proficient, adult German-English bilinguals who had
learned their L2 after age 8 (Experiment 2.5). The relatively slow performance of children
compared to adults offers a longer time window in which to explore lexical retrieval processes.
Thus, the research focus was on whether the children, in whom language(s) were still
developing, would show cross-language activation in form of the cognate facilitation effect in
either only the weaker of the two languages (as in Kroll et al.’s (2000) unbalanced adult
Dutch-English bilinguals) or in both the stronger and the weaker language (as in Costa et al.’s
(2000) balanced adult Catalan-Spanish bilinguals). Any coactivation found would be
indicative of a sufficiently strong activation of the non-target translation equivalent during
retrieval of the target word, which in turn would corroborate the evidence found in adult
bilinguals indicating interactivity at the lexical and sublexical level of representation as well as
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language nonselectivity in child bilingual lexical production. It was of particular interest in
what way relative language proficiencies and length of bilingual immersion in German and
English would modulate the effect and it was hypothesized that the more balanced the
proficiencies in L1 and L2, the more balanced the obtained effect would be. It was
furthermore of interest whether the L2 learners had reached a point at which cross-language
activation would become evident (Experiment 2.1) and in what way being fluent in a third
language apart from German and English would show in the naming performance of the
trilingual children (Experiment 2.3).
Chapter 3 also focuses on the issue of cross-language activation, although now with a
focus on same-script and different-script adult trilinguals with differing immersion
experience in their L3, and their performance in second and third language word production.
As in Chapter 2, cued picture naming tasks with a cognate manipulation across two or three
languages were used to explore cross-language activation from one or possibly two sources,
the nontarget languages during naming in L2 and in L3. The focus of this study was in what
way factors such as relative language proficiency and length of L3-immersion would have a
modulating effect on cross-language activation during naming. Furthermore, following
Hoshino and Kroll (2008), who found that Japanese-English bilinguals showed cross-language
activation of their different-script L1 in L2 English naming, it was hypothesized that the
different-script Russian-English-German trilinguals (Experiment 3.3) would show crosslanguage activation of their L1 in L2 and/or L3 naming only if the phonology of their L1
became active during word access and retrieval.
Finally, Chapter 4 explores word representation and processing in Dutch beginning
second language learners of English and tests the predictions of the Revised Hierarchical
Model (RHM, Kroll & Stewart, 1994; Kroll et al., 2010) to examine how newly acquired words
of these child L2 learners are mapped to concepts in the mental lexicon during early stages of
L2 acquisition. For this, three experimental tasks were employed: a translation recognition
task, in which participants had to decide whether L1 words that followed L2 words were the
correct translation or not, an L2 picture naming task, and forward (L1-L2) and backward (L2L1) translation tasks. In light of recent challenges to the RHM (Brysbaert & Duyck, 2010; but
see Kroll et al., 2010)), it was of particular interest whether the beginning L2 learners accessed
meaning of L2 words indirectly via the L1 translation equivalent (word association) or directly
(concept mediation), and which factors could explain possible differences in access to
meaning.
While Chapters 2 and 3 explore cross-language activation in multilinguals while
producing language, Chapter 5 looks at the possible outcome of dealing with cross-language
activation and juggling multiple languages. More specifically, similar groups of children,
namely child second language learners, German-English bilinguals, German-EnglishLanguage X trilinguals, and child monolinguals performed tasks tapping into nonverbal
executive functions (Experiments 5.1, 5.2, 5.3, & 5.4). It was assumed that if the cognitive
control mechanism necessary to control languages is used regularly, that this may alter and
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possibly enhance overall cognitive control in all individuals save the monolinguals, who
obviously only had one language at their disposal and were thus not required to control
multiple languages. The aim of this study was to extend previous cognitive control research to,
on the one hand, child L2 learners to explore whether they would already profit from their
substantial, daily L2 language immersion, and, on the other hand, trilingual children, who
potentially accrue even more practice in negotiating between their three languages compared
to bilinguals and could thus be assumed to show even greater cognitive control enhancement.
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Cross-language activation in children’s speech production
Evidence from second language learners, bilinguals, and trilinguals *
CHAPTER

2

ABSTRACT
In five experiments, we examined cross-language activation during speech production in
various groups of bilinguals and trilinguals who differed in nonnative language proficiency,
language learning background, and age. In Experiments 2.1, 2.2, 2.3, and 2.5, German 5- to 8year-old second language learners of English, German-English bilinguals, German-EnglishLanguage X trilinguals, and adult German-English bilinguals, respectively, named pictures in
German and in English; in Experiment 2.4, 6- to 8-year-old German monolinguals named
pictures in German. In both language conditions, cognate status was manipulated. We found
that the bidirectional cognate facilitation effect was significant in all groups save in the
German monolinguals (Experiment 2.4) and, critically, in the child second language learners
(Experiment 2.1) in whom only native language (L1) German had an effect on second
language (L2) English. The findings demonstrate how the integration of languages into a
child’s system follows a developmental path that, at lower levels of proficiency, allows only
limited cross-language activation. The results are interpreted against the backdrop of the
developing language systems of the children both for early second language learners and early
bi- and trilinguals.

This chapter has been published as: Poarch, G. J., & Van Hell, J. G. (2012). Cross-language activation
in children’s speech production: Evidence from second language learners, bilinguals, and
trilinguals. Journal of Experimental Child Psychology, 111(3), 419-438.
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CHAPTER 2
Introduction

One of the fascinating phenomena in bilinguals’ speech is the ease with which they
access lexical items from both languages. Past research on bilingual speech production, in
which adult bilinguals were asked to produce words in one of their languages in various
experimental settings, shows that the language not in use is also activated during language
retrieval and influences performance in the target language (Colomé, 2001; Costa,
Caramazza, & Sebastián-Gallés, 2000; Hermans, Bongaerts, de Bot, & Schreuder, 1998;
Hermans, Ormel, Besselaar, & Van Hell, 2011; Kroll, Bobb, & Wodniecka, 2006). This
evidence suggests that a bilingual’s two languages are coactivated and compete for selection
during the lexical retrieval process. Previous studies have mainly focused on adult and
proficient bilinguals. In this article, we report five experiments in which we examined to what
extent the nontarget language becomes activated during target language speech production in
bilingual and trilingual children and adults with different levels of proficiency in their second
and third languages and with different language learning backgrounds. Before discussing
these experiments, we review current evidence on adult bilingual speakers’ picture naming, a
task that has been frequently used to examine lexical access in speech production and that we
also used in our experiments.
Costa and colleagues (2000), Kroll, Dijkstra, Janssen, and Schriefers (2000), and
Hoshino and Kroll (2008), studied the effect of language-specific properties and explored
whether the nontarget language phonological representations of to-be-named pictures are
coactivated during picture naming using cognate and noncognate stimulus materials.
Cognates are orthographically and phonologically similar translation equivalents, such as the
English-German translations apple-Apfel. Noncognates have no orthographic and
phonological overlap, such as the English-German translations tree-Baum. Cognates have
been used extensively in research investigating the bilingual mental lexicon as they allow a
means to tap into how bilinguals, even in language-exclusive settings, show influences from
their other language. The logic is that if the phonological representations in both the target
and the nontarget languages are retrieved, participants should be faster at naming pictures
with cognate names than at naming pictures with noncognate names. With adult highlyproficient Catalan-Spanish bilinguals, who had been exposed to their two languages from an
early age onward, Costa and colleagues (2000) indeed found a cognate facilitation effect in
both native language (L1) and second language (L2) blocked naming, albeit with a greater
magnitude in the latter condition. These results suggest that, first, the nontarget language is
also activated up to the level of phonology during retrieval, and, second, that language
dominance plays a role inasmuch as that the stronger language exerts more influence on the
weaker language than vice versa.
In Kroll and colleagues’ (2000) study, adult fairly proficient, unbalanced DutchEnglish bilinguals named pictures with cognate and noncognate names. In contrast to the
participants in Costa and colleagues’ (2000) study, these bilinguals had learned English only
at around 10 to 11 years of age at primary school, and were not immersed in an L2
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environment. A cognate facilitation effect was observed in the blocked L2 condition, but not
in the blocked L1 condition.
Whereas in these studies same-script bilinguals performed the experimental tasks,
Hoshino and Kroll (2008) compared cross-language interaction in adult highly proficient
same-script Spanish-English bilinguals with that in different-script Japanese-English
bilinguals. All bilinguals had started acquiring their L2 English around 10 years of age but
had been immersed in an L2 environment between 28 and 40 months at the time of testing.
The results showed a cognate facilitation effect in the L1 and L2 of both groups of bilinguals.

Figure 2.1 Schematic representation of picture naming in German by German–English bilinguals:
(A) cognates; (B) noncognates (adapted from Costa et al. (2005). On the facilitatory
effects of cognate words in bilingual speech production. Brain and Language 94, 101).
Copyright 2005 by Elsevier.

So far, the cognate facilitation effect in speech production has been shown with adult
speakers of various languages and with different relative language proficiencies in their L1
and L2. Critically, the effect has not consistently been found in both the L1 and L2. As
reported above, Costa and colleagues (2000) found significant cognate facilitation in both
languages in highly fluent Spanish-Catalan speakers, although the magnitude of the effect was
smaller in L1 than in L2. In contrast, Kroll and colleagues (2000) found the cognate effect in
the L2 only in Dutch-English bilinguals, who showed greater dominance in their L1
compared with the bilinguals in Costa and colleagues' (2000) study. Relative language
proficiency thus seems a likely factor to affect cross-language activation and the magnitude of
cognate facilitation. A second factor that may affect cross-language activation in bilingual
speech production is age of acquisition of the L2. Typically, age of acquisition is related to the
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amount of language exposure, so bilinguals who acquired their L2 at a younger age will have
had an increased exposure to their L2. Moreover, a bilingual’s extended use of two languages
in various settings, and switching back and forth between two languages, may increase crosslanguage permeability during speech performance.
Furthermore, the bilinguals tested by Costa and colleagues (2000) had learned the L2
earlier in life than the bilinguals in Kroll and colleagues’ (2000) study and had had
continuous L2 input in the environment. To address the above-mentioned issues, in the
present study four groups of children were studied, three of which had had continuous daily
L2 input (i.e., L2 learners of English, bilinguals, and trilinguals), and a monolingual agematched control group. Focusing on these four distinct groups of children offers (a) a view
into developing multiple language systems with varied relative language proficiencies, (b) a
more controlled assessment of previous language input in L1 and L2, and (c) varied language
balances linked to both quantity of input and age of L2 onset.
The present study
Few (if any) studies have explored the cognate facilitation effect in language
production in multilingual children, particularly children of varying levels of L2 proficiency
and children who have a productive knowledge of not only two but three languages (see
Brenders, Van Hell, & Dijkstra, 2011, for cognate effects in word recognition in child L2
learners). A study by Jescheniak, Hahne, Hoffmann, and Wagner (2006) on monolingual
children suggests that lexical retrieval in children may differ fundamentally from that in
adults. Jescheniak and colleagues explored within-language competitor effects in lexical
retrieval of 7-year-old monolinguals and observed mediating effects that had previously not
become evident in testing adult speakers. More specifically, they argued that because “the
lexical retrieval system has not gained maximum efficiency” (p. 374), it could be particularly
insightful to examine lexical retrieval in children. Jescheniak and colleagues furthermore
pointed out that children perform much more slowly than adults in lexical tasks, giving
researchers a greater time window to observe lexical retrieval processes in children.
For the present study, the slower processing of children as compared with adults may
lead to two possible patterns of cognate effects. First, the overall slower performance of
children could lead to a greater decay in activation over time during lexical retrieval (see, e.g.,
Dell, 1986, for activation and decay rates), which in turn may lead to little or no coactivation
of a bilingual’s languages. So by the time children are ready to say out loud the name of the
picture, activation of the nontarget language has decayed and no cognate effect will be
observed in the ultimate response. Alternatively, slower language processing in children
lengthens the time window for language coactivation and, therefore, may boost the cognate
effect. Dell and O’Seaghdha (1992) noted for adults’ lexical retrieval that their “performance
may be so fast and skilled that it is largely immune to interference and insensitive to
facilitation” (p. 308). The slower language processing in children will increase the duration of
coactivation of languages, which should be reflected in observable cognate effects. It should
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be particularly informative to see whether and how cross-language activation becomes
evident in groups of children with varying language dominance and whether this coactivation
is modulated by relative proficiency. In sum, because children’s lexical processing has not yet
reached adult efficiency levels, we cannot simply assume that patterns of coactivation of
languages observed in bilingual adults will be identical for bilingual children. Moreover, the
cognate facilitation effect offers an avenue into further exploring possible differences in crosslanguage activation across the lifespan, in the present study with a specific focus on child
second language learners, bilinguals, and trilinguals.
Studying children with different L1 and L2 proficiencies also provides more insight
into the role of relative language proficiency in modulating cognate effects. More specifically,
larger relative proficiency asymmetries between L1 and L2 (i.e., language dominance
asymmetries) should also yield larger asymmetric cognate effects in L1 and L2.†
Lexical retrieval in the still developing language systems of early bi- and trilinguals
and child second language learners is the main focus in the present study. The absence of
research on cognate effects in bilingual children’s language production was the starting point
for this study, which builds empirically on data obtained with adult bilinguals. More
specifically, we examined whether the production of a target word in one language also
activates the nontarget language up to the phonological level by asking children to name
pictures with cognate and noncognate names presented in one-language-only blocks. Four
groups of children and one adult group participated: German L2 learners of English
(Experiment 2.1), German-English bilinguals (Experiment 2.2), German-English-Language X
trilinguals (Experiment 2.3), German child monolingual controls (Experiment 2.4), and adult
German-English bilinguals (Experiment 2.5).
Predictions
For Experiments 2.1 to 2.3 and 2.5, the first prediction was that cognates would be
named faster and more accurately than noncognates, thereby showing a cognate facilitation
effect in both languages. Second, as all participants were more proficient in their L1 than in
L2, it was also predicted that the cognate facilitation effect magnitudes would be larger in the
L2. Third, because the bilinguals in Experiment 2.2 were more proficient in their L2 English
than the participants in Experiments 2.1 and 2.3, the magnitude of differences in naming
latencies between L1 and L2 was predicted to be smaller for bilinguals in Experiment 2.2.
Finally, participants’ naming latencies in L1 German in Experiments 2.1 to 2.3 should be
longer than those of their monolingual peers tested in Experiment 2.4 simply because
performance of monolinguals is not affected by cross-language competition.

Another factor that has been found to modulate the magnitude of the cognate effect is the amount of
phonological overlap of cognates. We did not manipulate this variable, but see Schwartz, Kroll, and
Diaz (2007) and Dijkstra, Grainger, and Van Heuven (1999) for studies in which phonological overlap
was manipulated.

†
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Experiment 2.1: Picture naming in child second language learners

Method
Design
A 2 (Cognate status: cognate, noncognate) by 2 (Language: German, English) factorial
design was used.
Participants
The participants were 21 children (9 girls and 12 boys) whose ages ranged from 5.1 to
8.2 years (M = 7.28, SD = 0.76). All children were L2 learners of English enrolled in a
bilingual German-English immersion kindergarten or primary school in Frankfurt, Germany
(length of English immersion M = 1.50 years, SD = .62) and spoke German as their native
language (L1) and English as their second language (L2). None of the children had grown up
with or had had any continuous exposure to languages apart from standard German since
birth.
Children’s language proficiencies in German and English were assessed by the Tests
for Reception of Grammar in English (TROG-2) and in German (TROG-D) (see “Materials”
section below for a detailed description). Table 2.1 displays the TROG results for
Experiments 2.1 to 2.4. The children in Experiment 2.1 scored substantially higher in German
(M = 111.13) than in English (M = 69.63), t (18) = 11.66, p < .001), reflecting their higher
proficiency in German than in English.
Children’s parents signed a consent form and filled in a questionnaire on their
education levels and language history. Parents’ education levels were considered to represent
the family’s socioeconomic status (SES) (e.g., Hoff, 2003). Mothers’ highest levels of
education were as follows: middle school (5.6%), high school (5.6%.), bachelor’s degree
(44.4%), master’s degree (38.9%), and doctoral degree (5.6%). Fathers’ highest levels of
education were as follows: middle school (16.7%), high school (5.6%), bachelor’s degree
(22.2%), master’s degree (27.8%), and doctoral degree (27.8%).
The language background questionnaires (using 5-point scales: 1 = no proficiency to 5
= native-like proficiency) indicated that parents rated themselves highly proficient in speaking
German (mothers: M = 4.94, SD = .24; fathers: M = 4.89, SD = .32) and as rather proficient in
speaking English (mothers: M = 3.06, SD = 1.31; fathers: M = 3.39, SD = 1.38).
Materials
The materials consisted of the experimental stimuli and the Tests for Reception of
Grammar (TROG-2 and TROG-D).
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Stimuli experiment. For the picture-naming task, 84 black-on-white line drawings of
common objects were selected from the International Picture Naming Project database
(Székely et al., 2004). These consisted of 28 cognate and 28 noncognate name pictures in both
German and English (14 cognates and 14 noncognates were identical in both language
conditions; see stimuli list in Appendix 2.A).
The cognate and noncognate picture names in German and in English were matched
on frequency (Baayen, Piepenbrock, & Van Rijn, 1993); word length, name agreement, and
visual complexity (Székely et al., 2004); imageability (Lahl, Goeritz, Pietrowsky, & Rosenberg,
2009); and age of acquisition (German: Schroeder, Kauschke, & De Bleser, 2003; English:
Morrison, Chappell, & Ellis, 1997). Stimuli characteristics are listed in Table 2.2. The
distribution of onset phonemes was similar across both conditions (German cognates and
noncognates: 14 plosives and 14 nonplosives; English cognates: 13 plosives and 15
nonplosives, English noncognates: 14 plosives and 14 nonplosives). A total of 15 practice
items with similar characteristics as the critical items were selected for the practice trials.
Test for Reception of Grammar (TROG-2 & TROG-D). The TROG, developed by Bishop
(2003) for English (TROG-2), and, in a revised version, by Fox (2006) for German (TROGD), measures children’s receptive language proficiency. We administered the tests with a 2week time lag between tests to prevent any spillover effects. (Note that half of the materials
are different in the two tests.). Raw scores were transformed into standard scores. The results
were utilized only as a within-group comparison of language proficiency as well as a withinparticipant measure to establish language balance.
Table 2.1

Parents’ ratings of children’s proficiencies and TROG-D/TROG-2 results in Experiments
2.1-2.4.
Parents’ rating a

Language Group

German

TROG scores
English

German
standard score

English
b

standard score

Experiment 2.1: L2 learners

4.61 (0.61)

1.61 (0.85)

111.13 (11.95)

69.63 (12.77)

Experiment 2.2: Bilinguals

4.95 (0.23)

4.21 (0.86)

109.21 (19.21)

106.00 (16.51)

Experiment 2.3: Trilinguals

4.87 (0.52)

2.93 (1.34)

105.50 (18.82)

89.20 (23.62)

Experiment 2.4: Monolinguals

4.93 (0.26)

1.00 (0.00)

109.00 (12.36)

58.60 (5.01)

Note. Standard deviations (SD) are in parentheses.
a

Parents’ rating follows a 5-point language proficiency scale (1 = no proficiency, 2 = low proficiency, 3 =

moderate proficiency, 4 = moderate to high proficiency, and 5 = native-like proficiency).
b

German standard score calculated on the basis of the TROG-D T-score on a range of 20 to 80 (mean 50,

SD 10) and, for easier comparison, transferred to the TROG-2 English standard score range of 55 to 145
(mean 100, SD 15). Formula for converting T-scores into standard scores: b = [((a – a mean)/a SD) x b SD] +
b mean where a = T-score and b = standard score.
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Apparatus and procedure
The experiment was programmed in E-Prime (Schneider, Eschman, & Zuccolotto,
2002) and run on a Pentium computer. Voice onset was measured using a microphone
(Philips SBC ME570) connected to an E-Prime serial response button box.
Participants were tested individually and were seated in a dimly lit room
approximately 50cm from the monitor. They were asked to name the objects on the screen as
quickly and accurately as possible in the target language, speaking into the microphone set
before them. Throughout each of the two language conditions, the experimenter used
exclusively the language in which the pictures were to be named by the participants. Each
language condition was set up in four blocks, the first of which was 15 practice trials used to
familiarize the participants with the experimental procedure and, if necessary, to give them
additional instructions. Each of the following three experimental blocks (two blocks of 19
stimuli and one block of 18 stimuli) was started with a button press by the researcher.
Each experimental trial was structured as follows. A fixation sign was displayed for
1000ms, followed by a picture (whose visual onset was accompanied by an auditory cue) for
5000ms or until the participant responded. Trials were presented in random order with the
restriction that the following target picture name did not have an identical initial phoneme.
The experimenter used a coding sheet to keep track of the participant’s utterances and the
experiment was digitally recorded for later analysis. Participants performed the picture
naming task in the first of the two language conditions, followed by a break of approximately
4 minutes during which the experimenter switched to the language of the upcoming
condition and engaged participants in a brief dialogue in the language of the upcoming block,
and then the participants performed the picture naming task in the second language
condition. All participants in Experiments 2.1 to 2.3 named 56 stimuli in the German
language condition first; in the second block of naming, which was English, 28 of the stimuli
(50.0%, 14 cognates and 14 noncognates) were novel and 28 stimuli (50.0%, 14 cognates and
14 noncognates) were identical to those in the German language condition and were thus
repeated in the English condition. The order German before English was based on the
children’s language dominance (as based on the parents’ ratings and the TROG results
described above). The experiment lasted approximately 20 min.
A final remark on the order of the language conditions seems pertinent at this point.
According to Grosjean’s (2001) concept of language modes, words in both of a bilingual’s
languages are activated if the experimental context calls for the use of both languages – this
exemplifies the bilingual language mode. In contrast, when the experimental context is
limited to one language (the monolingual mode), only words from this language become
active. All children in this study lived in Germany and were immersed in a German
environment outside of school, so we decided that German should be the first language of
naming. Moreover, we explicitly divided the two language conditions by adding a brief pause
between naming in German and naming in English during which the experimenter initiated
conversation in English, the upcoming language in the experiment, thereby generating as
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much as possible a monolingual mode (for more extensive discussions on language mode,
cognate effects, and language proficiency, see Dijkstra & Van Hell, 2003; Van Hell & Dijkstra,
2002).
Table 2.2

Stimuli characteristics for Experiments 2.1 to 2.4 and Experiment 2.5.
German

English

Cognate

Noncognate

Cognate

Noncognate

1.24 (.64)
t(54) = .89, p = .38
1.75 (.75)
t(54) = .19, p = .85
.95 (.10)
t(54) = 1.73, p = .09
17485 (9105)
t(54) = .66, p = .51
6.34 (.25)
t(54) = .29, p = .59
2.30 (.67)
t(54) = .06, p = .81

1.10 (.48)

1.33 (.62)
t(54) = .10, p = .92
1.89 (.74)
t(54) = .72, p = .48
.95 (.09)
t(54) = .67, p = .51
17448 (10337)
t(54) = .92, p = .36
8.96 (.99)
t(54) = .03, p = .86
2.33 (.71)
t(54) = .62, p = .44

1.35 (.48)

2.73 (1.26)
t(54) = .26, p = .79
1.75 (.65)
t(54) = .20, p = .85
.94 (.13)
t(54) = 1.23, p = .22
21391 (13398)
t(54) = 1.46, p = .19
6.36 (.26)
t(54) = 1.75, p = .19
2.23 (.58)
t(54) = .73, p = .40

2.62 (1.07)

2.87 (1.16)
t(54) = 1.16, p = .25
1.71 (.66)
t(54) = .54, p = .59
.93 (.13)
t(54) = 1.72, p = .09
18845 (9773)
t(54) = 1.59, p = .12
9.02 (.52)
t(54) = .05, p = .83
2.41 (.61)
t(54) = .92, p = .34

2.49 (1.28)

Experiments 2.1 to 2.4
Log frequency
Word length (in syllables)
Name agreement
Visual complexity
Imageabilitya
Age of acquisition

1.79 (.69)
.89 (.18)
16049 (7117)
6.30 (.27)
2.34 (.44)

1.75 (.75)
.93 (.12)
15371 (6008)
8.99 (.50)
2.08 (.66)

Experiment 2.5
Log frequency
Word length (in syllables)
Name agreement
Visual complexity
Imageabilitya
Age of acquisition

1.71 (.71)
.89 (.15)
16647 (10788)
6.26 (.29)
2.46 (.53)

1.82 (.82)
.87 (.16)
15446 (5761)
9.05 (.46)
2.23 (.72)

Note. Standard deviations are in parentheses.
a

Imageability for the German stimuli was determined using 7-point Likert-scale, while for the English

stimuli a 10-point Likert-scale was used.

For each participant and item, mean naming latencies and mean percentages of errors
and omissions were calculated for the cognates and noncognates in German and in English.
An omission was scored if the participant had not responded within 5000ms after picture
presentation. In this and the following experiments, we excluded the data of children who
had named less than 10% of the stimuli correctly (and without voice key registration failures)
in one of the language conditions. This criterion led to the exclusion of two children (who
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had named less than 10% of the stimuli in one of the English conditions). Trials associated
with voice key failures (e.g., mouth clicks, stutters, false starts; 12.6% in German and 7.4% in
English) and incorrect responses were excluded from the RT analysis. Outliers with response
times (RTs) shorter than 200ms or longer than 2.5 standard deviations (SDs) above the
participant’s mean (2.1% in German and 0.5% in English) were also excluded from the RT
analyses. 2 (Cognate status: cognates or noncognates) by 2 (Language: German or English)
analyses of variance (ANOVAs) were performed separately on the mean participant RTs of
the correct responses and on the mean error-omission rates. Cognate status and language
were treated as within-participant variables. The corresponding ANOVAs were performed on
the mean item RTs and the mean error-omission rates, treating cognate status and language
as between-item factors.‡ We also performed one-factor (Cognate status: cognate or
noncognate) ANOVAs on the data in each of the language conditions separately. The
resulting means and standard deviations are presented in Table 2.3.
Results and discussion
The overall ANOVA on the RT data yielded a significant interaction between cognate
status and language, F1 (1,18) = 15.78, MSE = 24551.96, p = .001, ηp2 = .47; F2 (1,108) = 5.27,
MSE = 78388.84, p = .024, ηp2 = .05, and significant main effects for cognate status, F1 (1,18)
= 29.65, MSE = 18497.48, p < .001, ηp2 = .62; F2 (1,108) = 7.82, MSE = 78388.84, p = .006, ηp2
= .07, and language, F1 (1,18) = 55.68, MSE = 131829.98, p < .001, ηp2 = .76; F2 (1,108) =
146.55, MSE = 78388.84, p < .001, ηp2 = .58. The analysis on the error-omission rates also
yielded a significant interaction between cognate status and language, F1 (1,18) = 126.93,
MSE = 46.73, p < .001, ηp2 = .88; F2 (1,108) = 24.46, MSE = 375.55, p < .001, ηp2 = .19, and
significant main effects for cognate status, F1 (1,18) = 154.86, MSE = 51.51, p < .001, ηp2 = .90;
F2 (1,108) = 30.80, MSE = 375.55, p < .001, ηp2 = .22, and language, F1 (1,18) = 474.54, MSE =
123.11, p < .001, ηp2 = .96; F2 (1,108) = 244.17, MSE = 375.55, p < .001, ηp2 = .69.
The L1 German naming data revealed no significant main effect of cognate status in the
naming latency analyses, F1 (1,18) < 1.5 and F2 (1,54) < 1, and a marginally significant main
effect in the error-omission analyses by participants only, F1 (1,18) = 2.83, MSE = 18.16, p =
.054, ηp2 = .10; F2 (1,54) < 1. In contrast, in the L2 English naming data, the effect of cognate
status was significant, F1 (1,18) = 19.65, MSE = 42307.15, p < .001, ηp2 = .52; F2 (1,54) = 7.48,
MSE = 135951.53, p = .004, ηp2 = .12, revealing faster naming times for cognate pictures
(1505ms) than for noncognate pictures (1785ms). Cognate status was also significant in the
error-omission data, F1 (1,18) = 185.72, MSE = 85.00, p < .001, ηp2 = .91; F2 (1,54) = 30.90,
MSE = 669.30, p < .001, ηp2 = .36, yielding a cognate advantage of 37.8%. Figure 2.2 presents
the cognate effect in the naming latencies.
As we had a priori predictions on the direction of the cognate effects, p values are reported for onetailed tests throughout this manuscript.
‡
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Figure 2.2 Cognate facilitation effect for L1 German and L2 English (Experiments 2.1, 2.2, 2.3,
and 2.5).

Half the pictures in the L2 English picture naming task had been named in the L1
German picture naming task. To test whether a cognate effect in L2 picture naming would
also occur in items children had not seen and named before in the L1 picture naming task, we
conducted one-way ANOVAs on the mean RTs and error rates of the nonrepeated items
only. The effect of cognate status was significant in the RT analysis, F1 (1,18) = 20.10, MSE =
130507.04, p < .001, ηp2 = .50; F2 (1,27) = 3.69, MSE = 187147.86, p = .033, ηp2 = .12, and in
the error analysis, F1 (1,18) = 87.34, MSE = 80.30, p < .001, ηp2 = .81; F2 (1,27) = 7.73, MSE =
604.91, p = .005, ηp2 = .23.§ These results indicate that a cognate facilitation effect also occurs
in L2 items children had not named in L1 and verify that the cognate effect in L2 English
picture naming was not driven by the earlier naming of these items in L1.
In sum, the current data indicate that when naming pictures in L2 English, the L2
learners’ L1 German was coactivated even if the L1 is the nontarget language. In contrast,
their knowledge of L2 English exerted no significant influence when naming in L1 German.

Additional 2 (Cognate status: cognate or noncognate) * 2 (Repetition: repeated or nonrepeated)
ANOVAs on the RTs and the error-omission rates in Experiments 2.1 to 2.3 yielded no main effect for
repetition and no significant interaction (all Fs < 1). This indicates that the effects were similar for the
repeated versus nonrepeated items.

§
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Table 2.3

Mean response times (RT; in ms) and error-omission rates (ER; in %) for the blocked
German and English picture naming tasks in Experiments 2.1-2.5.
Noncognates
RT (ms)

Cognates

Effect

ER (%)

RT (ms)

ER (%)

RT (ms)

ER (%)

Experiment 2.1: L2 learners
German

1039 (140)

8.0 (6.8)

1017 (149)

5.8 (4.4)

22

2.2

English

1785 (319)

82.9 (8.4)

1505 (331)

44.2 (13.6)

280

38.7

Effect

746

74.9

488

38.4

Experiment 2.2: Bilinguals
German

1253 (205)

11.9 (7.2)

1187 (205)

8.0 (5.2)

66

3.9

English

1482 (378)

41.3 (24.7)

1285 (280)

21.9 (15.9)

197

19.4

Effect

229

29.4

98

13.9

Experiment 2.3: Trilinguals
German

1266 (211)

16.4 (12.0)

1198 (192)

9.3 (9.0)

68

7.1

English

1794 (507)

60.5 (22.7)

1438 (227)

26.7 (17.8)

356

33.8

Effect

528

44.1

240

17.4

9.0 (5.4)

1026 (110)

7.5 (6.1)

13

1.5

Experiment 2.4: Monolinguals
German

1039 (119)

Experiment 2.5: Adult bilinguals
German

859 (132)

8.1 (6.6)

821 (123)

1.8 (2.8)

38

6.3

English

1070 (193)

19.6 (16.2)

968 (197)

6.6 (7.5)

102

13.0

Effect

211

11.5

147

4.8

Note. Standard deviations are in parentheses.

Experiment 2.2: Picture naming in child bilinguals
Method
Design
The same design as in Experiment 2.1 was used.
Participants
Twenty-one German-English early bilingual children (10 female) participated. Their
ages ranged from 4.9 to 8.2 years (M = 6.62, SD = 0.83). All children had grown up bilingually
with German and English in a German environment and attended the same
kindergarten/school as the children in Experiment 2.1 (length of English immersion at
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preschool/kindergarten: M = 2.67, SD = .92). All children were regularly exposed to German
and English at school as well as in their home environments. Specifically, 8 participants had
grown up with the mother speaking German and the father speaking English, whereas 13
participants had grown up with the mother speaking English and the father speaking
German. None of the participants had grown up with or had had any continuous exposure to
other languages since birth.
Children’s TROG scores in German (M = 109.21) were not different from those in
English (M = 106.00), t (20) = .70, p = .49 (see Table 2.1), indicating that they were about
equally fluent in the two languages.
Children’s parents completed the same questionnaire as in Experiment 2.1. Mothers’
highest levels of education were as follows: middle school (10.5%), high school (5.3%),
bachelor’s degree (36.8%), master’s degree (42.1%), and doctoral degree (5.3%). Fathers’
highest levels of education were as follows: middle school (10.5%), high school (5.3%),
bachelor’s degree (26.3%), master’s degree (47.4%), and doctoral degree (10.5%).
On average, the parents rated themselves highly proficient in speaking German
(mothers: M = 4.42, SD = .90; fathers: M = 4.89, SD = .32) and as highly proficient in speaking
English (mothers: M = 4.05, SD = 1.35; fathers: M = 4.37, SD = 1.07).
Materials, Apparatus, and Procedure
The set of pictures and experimental setup were identical to those in Experiment 2.1.
Results and discussion
Data cleaning procedures were identical to those used in Experiment 2.1. Trials
associated with voice key errors made up 10.3% in German, and 9.1% in English. Outliers
(2.7% in German and 1.8% in English) were also eliminated. The statistical analyses were
identical to those in Experiment 2.1. Results are presented in Table 2.3.
The overall ANOVA on the RT data revealed that cognate status interacted with
language in the by-participant analysis, F1 (1,20) = 7.80, MSE = 11546.97, p = .011, ηp2 = .28;
F2 (1,108) < 1, indicating that the cognate effect was smaller in L1 German picture naming
(66ms) than in L2 English picture naming (197ms) (see Figure 2.2). The main effects for
cognate status, F1 (1,20) = 81.21, MSE = 4455.58, p < .001, ηp2 = .80; F2 (1,108) = 9.09, MSE =
23089.61, p = .003, ηp2 = .08, and language, F1 (1,20) = 6.23, MSE = 90941.68, p = .021, ηp2 =
.24; F2 (1,108) = 13.63, MSE = 23089.61, p < .001, ηp2 = .11, were significant. In the analysis
on the error-omission rates, the interaction was significant, F1 (1,20) = 29.14, MSE = 43.16, p
< .001, ηp2 = .59; F2 (1,108) = 7.89, MSE = 261.93, p = .006, ηp2 = .07, reflecting that the
cognate effect was smaller in L1 German picture naming (3.9 %) than in L2 English picture
naming (33.8 %). The main effects for cognate status, F1 (1,20) = 58.18, MSE = 48.99, p <
.001, ηp2 = .74; F2 (1,108) = 16.25, MSE = 261.93, p < .001, ηp2 = .13, and language, F1 (1,20) =
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28.40, MSE = 347.67, p < .001, ηp2 = .59; F2 (1,108) = 58.45, MSE = 261.93, p < .001, ηp2 = .35,
were significant.
ANOVAs on the L1 German naming latency data revealed a significant effect of
cognate status by participants, F1 (1,20) = 10.07, MSE = 4507.59, p = .003, ηp2 = .34, that
approached significance in the by-item analysis, F2 (1,54) = 2.25, MSE = 22258.45, p = .070,
ηp2 = .04. The error-omission analyses also revealed a significant main effect of cognate status
by participants, F1 (1,20) = 7.02, MSE = 22.90, p = .008, ηp2 = .26, that approached
significance by items, F2 (1,54) = 1.74, MSE = 112.84, p = .097, ηp2 = .03. In the L2 English
naming latency analyses, the effect of cognate status was significant, F1 (1,20) = 35.37, MSE =
11494.96, p < .001, ηp2 = .64; F2 (1,54) = 7.53, MSE = 23920.76, p = .004, ηp2 = .12, revealing
faster naming latencies for cognates (1285ms) than for noncognates (1482ms). The cognate
effect in the error-omission rates was also significant, F1 (1,20) = 57.00, MSE = 69.24, p <
.001, ηp2 = .74; F2 (1,54) = 14.90, MSE = 411.03, p < .001, ηp2 = .22; the error-omission rate for
cognates (21.9%) was lower than for noncognates (41.3%).
Finally, the analysis on the nonrepeated stimuli in L2 English revealed a significant
effect of cognate status by participants, F1 (1,20) = 6.78, MSE = 93132.01, p = .009, ηp2 = .25,
that was marginally significant by items, F2 (1,27) = 1.78, MSE = 19383.53, p = .097, ηp2 = .07.
The error-omission analysis also revealed a significant effect of cognate status, F1 (1,20) =
27.04, MSE = 99.24, p < .001, ηp2 = .58; F2 (1,27) = 5.33, MSE = 395.26, p = .015, ηp2 = .17.
These results indicate that for highly proficient early bilinguals, when naming pictures
in L2 English, L1 German is coactivated even if the L2 is the non-target language. Their L2
English also significantly influenced naming performance in L1 German, although the
magnitude of the cognate effect in L1 German naming was smaller than that in L2 English
naming.

Experiment 2.3: Picture naming in child trilingual second language learners
Method
Design
The same design as in Experiments 2.1 and 2.2 was used.
Participants
The participants were 19 children (10 girls and 9 boys), all bilingual third language
(L3) learners of either German or English, whose age ranged from 5.2 to 7.9 years (M = 6.57,
SD = 0.92). All children attended the same kindergarten/school as those in Experiments 2.1
and 2.2 (length of German and English immersion: M = 2.21, SD = 1.09). Among the sample,
10 participants had grown up bilingually with German and another language apart from
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English as dual L1 (see Genesee, Paradis, & Crago, 2004), 8 participants had grown up with
English and a language apart from German as dual L1, and one participant had grown up
with a dual L1 neither of which being German or English. All participants had been born in
Germany and had had German input in the environment from birth.
The TROG scores of the children showed that they were more proficient in German
(M = 105.50) than in English (M = 89.20), t (18) = 2.41, p = .03 (see Table 2.1.
Mothers’ highest levels of education were as follows: bachelor’s degree (53.3%),
master’s degree (6.7%), and doctoral degree (40.0%). Fathers’ highest levels of education were
as follows: middle school (6.7%), high school (13.3), bachelor’s degree (26.7%), master’s
degree (20.0%), and doctoral degree (33.3%).
On average, the parents rated themselves highly proficient in speaking German
(mothers: M = 4.60, SD = .83; fathers: M = 4.60, SD = 1.06) and rather proficient in speaking
English (mothers: M = 3.93, SD = .80; fathers: M = 4.27, SD = 1.10).
Materials, Apparatus, and Procedure
The set of pictures and the experimental setup were identical to those in Experiments
2.1 and 2.2.
Results and discussion
Data cleaning procedures were identical to those in Experiments 2.1 and 2.2. We
excluded the data of 4 children because they named less than 10% of the stimuli correctly
(without voice key errors) in one of the language conditions. Trials associated with voice key
errors made up 10.4% in German and 11.9% in English. Outliers (2.4% in German and 1.4%
in English) were also eliminated. Results are presented in Table 2.3.
The overall cognate status by language ANOVA on the RT data showed that cognate
status interacted with language in the analysis by participants only, F1 (1,14) = 5.24, MSE =
59273.72, p = .038, ηp2 = .27; F2 (1,108) < 1. The main effects for cognate status, F1 (1,14) =
17.94, MSE = 37531.91, p = .001, ηp2 = .56; F2 (1,108) = 6.46, MSE = 85975.19, p = .012, ηp2 =
.06, and language, F1 (1,14) = 10.83, MSE = 204099.45, p = .005, ηp2 = .44; F2 (1,108) = 33.57,
MSE = 85975.19, p < .001, ηp2 = .24, were significant. The ANOVA on the error-omission
rates yielded a significant interaction between cognate status and language, F1 (1,14) = 35.72,
MSE = 74.65, p < .001, ηp2 = .72; F2 (1,108) = 15.00, MSE = 314.24, p < .001, ηp2 = .12, and
significant main effects for cognate status, F1 (1,14) = 103.13, MSE = 60.98, p < .001, ηp2 = .88;
F2 (1,108) = 36.07, MSE = 314.24, p < .001, ηp2 = .25, and language, F1 (1,14) = 23.30, MSE =
607.33, p < .001, ηp2 = .63; F2 (1,108) = 91.38, MSE = 314.24, p < .001, ηp2 = .46.
In the German naming condition, the naming latency analyses revealed a significant
68-ms effect of cognate status, F1 (1,14) = 5.03, MSE = 6887.92, p = .021, ηp2 = .26; F2 (1,54) =
3.78, MSE = 33665.23, p = .029, ηp2 = .07. The error-omission analyses also revealed a
significant effect of cognate status (cognate effect = 7.1%), F1 (1,14) = 23.33, MSE = 16.40, p <
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.001, ηp2 = .63; F2 (1,54) = 3.37, MSE = 212.05, p = .036, ηp2 = .06. The 356-ms cognate effect
in the English naming condition was also significant, F1 (1,14) = 10.56, MSE = 89917.64, p =
.003, ηp2 = .43; F2 (1,54) = 3.52, MSE = 138285.15, p = .033, ηp2 = .06. The same was true for
the error-omission rates, F1 (1,14) = 71.90, MSE = 119.23, p < .001, ηp2 = .84; F2 (1,54) =
36.82 MSE = 416.43, p < .001, ηp2 = .41, yielding a 33.8% cognate advantage. Figure 2.2
displays the cognate effect in the naming latencies.
The ANOVA on the RTs of nonrepeated items in the English picture naming task
showed a significant effect for cognate status by participants only, F1 (1,14) = 11.26, MSE =
91943.43, p = .003, ηp2 = .45; F2 (1,27) <1. The ANOVA on the error-omission rates revealed
a significant main effect for cognate status, F1 (1,14) = 46.67, MSE = 131.19, p < .001, ηp2 =
.77; F2 (1,27) = 11.94, MSE = 447.12, p = .001, ηp2 = .32.
The results showed that when early trilinguals named pictures in English, German is
co-activated even if German is the nontarget language. These results parallel the findings with
L2 English learners and German-English bilinguals (Experiments 2.1 and 2.2). The
trilinguals’ picture naming in German is also affected by knowledge of English, in parallel
with the data of the bilinguals in Experiment 2.2. As in Experiment 2.2, the magnitude of the
cognate facilitation effect in German picture naming (68ms) was substantially smaller than
that in English picture naming (356ms).
Finally, three issues were deemed necessary for further exploration: to assess (a)
whether the trilingual participants’ different L1 (German or English) in Experiment 2.3 had a
differential effect on naming performance in German or English, (b) whether varying L2
English proficiencies in trilingual L1 German children (Experiment 2.3) and L2 English
learners (Experiment 2.1) had a differential effect on naming performance in German or
English, and (c) whether the trilingual children’s L3 may have modulated the cognate
facilitation in L2 English naming.
To address the first issue, additional 2 (Cognate status: cognate or noncognate) by 2
(Participant L1: German or English) ANOVAs comparing the 7 trilingual L1 German
children to the 7 trilingual L1 English children were conducted. The results showed no
significant between-group differences or an interaction, in either naming condition, in both
naming latencies and error-omission rates (all ps > .10).
Regarding the second issue, L2 English proficiencies of the trilingual L1 German
children (Experiment 2.3) and the L2 learners (Experiment 2.1) were compared, F (1,32) =
10.39, MSE = 341.21, p = .003, ηp2 = .25, indicating higher L2 English proficiency (mean
standard score = 89.2, as measured by the TROG) for the trilingual L1 German children than
for the L2 learners (mean = 68.6). Subsequent 2 (Cognate status: cognate or noncognate) by 2
(Participant: trilingual or L2 learner) ANCOVAs with proficiency as a covariate yielded
neither significant differences between the two groups nor an interaction in naming both in
German and in English (all ps > .10).
To explore the third issue, adult native speakers of the trilingual children’s third
language (Arabic, Dutch, Farsi, French, Greek, Hebrew, Italian, or Spanish) were asked to

CROSS-LANGUAGE ACTIVATION IN CHILDREN’S SPEECH PRODUCTION

39

indicate whether or not the items in this third language were cognates with English. The
rationale for this was to explore whether items that were cognates not only between German
and English but also in L3 (“triple cognates”) could have offered an additional source for
cognate facilitation in L2 English. For each trilingual, we then compared the English naming
RTs for triple cognates with double cognates (cognates between German and English but
noncognate with the L3). It appeared that 8 trilinguals processed triple cognates faster than
double cognates, 1 trilingual showed no difference in processing the two types of cognates,
and 6 trilinguals processed double cognates faster than triple cognates. This pattern suggests
that the cognate facilitation effect is not driven exclusively by triple cognates.

Experiment 2.4: Picture naming in child monolinguals
Method
Design
Cognate and noncognates were presented in a German picture naming task.
Participants
The participants were 15 monolingual children (6 girls and 9 boys) who spoke
German as their native language took part an whose ages ranged from 7.0 to 7.9 years (M =
7.50, SD = 0.25). All children were enrolled in German primary school in Frankfurt and had
not yet begun L2 English instruction. None of the participants had grown up with or had had
any continuous exposure to languages apart from standard German since birth.
Children’s TROG scores were substantially higher in German (M = 109.00) than in
English (M = 58.60) (minimum score at chance level is 55), t (14) = 15.92, p < .001 (see 2.1).
Mothers’ highest levels of education were as follows: bachelor’s degree (66.7%,
master’s degree (26.7%), and doctoral degree (6.7%). Fathers’ highest levels of education were
as follows: bachelor’s degree (53.3%), master’s degree (40.0%), and doctoral degree 6.7%).
On average, parents rated themselves highly proficient in speaking German (mothers:
M = 5.00, SD = .00; fathers: M = 5.00, SD = .00) and as mid-proficient in speaking English
(mothers: M = 2.20, SD = .94; fathers: M = 2.27, SD = .70).
Materials, Apparatus, and Procedure
The set of pictures and the experimental set-up used were identical to those used in
Experiments 2.1 to 2.3. Only the German language condition was used.
Results and discussion
Data cleaning procedures were identical to those in Experiments 2.1 to 2.3. Voice key
errors (9.0%) and outliers (1.0%) were eliminated from the RT analysis. Results are presented

40

CHAPTER 2

in Table 2.3. The ANOVAs yielded no effect for cognate status in the RT analysis, F1 (1,14) <
1.5; F2 (1,54) < 2, and the error-omission analysis, F1 (1,14) < 1.5; F2 (1,54) < 1.
As expected, the monolingual German-speaking children showed no cognate effect
when naming in German. This verifies that the cognate effects obtained in the child second
language learners, bilinguals, and trilinguals tested in Experiments 2.1 to 2.3 are related to
their bilingualism/multilingualism and not to confounds or peculiarities in the stimulus
materials.
Cross-group comparison Experiments 2.1 to 2.4
Overall naming times in German of the monolingual children tested in 2.4 were faster
than those of the bilingual and trilingual children tested in Experiments 2.2 and 2.3 but were
similar to those of the German-dominant English L2 learners tested in Experiment 2.1. This
suggests that bilinguals’ and trilinguals’ lexical retrieval in the target language German may
be slowed down because of nontarget language lexical activation, and, hence, greater crosslanguage competition.
To examine this, we ran a one-way ANOVA on the overall German picture naming
times obtained in Experiments 2.1 to 2.4. This analysis revealed a significant effect, F1 (3,68)
= 8.25, MSE = 27634.47, p < .001, ηp2 = .27, F2 (1,55) = 4.63, MSE = 6201.55, p = .036, ηp2 =
.08. Subsequent post hoc between-group comparisons showed that the mean German picture
naming times of L2 learners (M = 1028ms, SD = 136, in Experiment 2.1) and German
monolinguals (M = 1033ms, SD = 117, in Experiment 2.4) did not differ significantly (p >
.10). Likewise, the mean German picture naming times of the bilinguals (M = 1220ms, SD =
200, in Experiment 2.2) and trilinguals (M = 1232ms, SD = 193, in Experiment 2.3) did not
differ (p > .10). In contrast, the picture naming times of the L2 learners were shorter than
those of the bilinguals (p = .002) and the trilinguals (p = .003). Similarly, the monolinguals
named pictures faster than bilinguals (p = .009) and trilinguals (p = .010).
Importantly, these differences in German picture naming times were not driven by
variations in German language proficiency among the different groups, as was verified in an
ANOVA on the German TROG data, F1 (3,68) < 1, p > .10, F2 (3,60) < 2, p > .10. Subsequent
post hoc comparisons showed no significant differences between the groups (all p > .10).
These analyses indicate that lexical retrieval during picture naming in the first language
was indeed slower in the bilinguals and trilinguals as compared with the L2 learners and
monolinguals, even though their proficiency in the first language, measured by a different
and independent task, was not different. This suggests that in situations that promote crosslanguage activation lexical retrieval may be slowed down, but only for multilingual speakers
who have reached a relatively high level of fluency in the nontarget language (as was the case
in the bilingual and trilingual children).
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Experiment 2.5: Picture naming in adult bilinguals
Method
Design
The same design as in Experiments 2.1 to 2.3 was used.
Participants
The participants were 20 adult German-English bilinguals, all female students
enrolled in the English department at Goethe University in Frankfurt. The mean years of
English instruction was M = 12.0 (SD = 1.2). Participants had lived in an English-speaking
environment for an average of 2.4 years (SD = 1.6). Their ages ranged from 20.2 to 28.1 years
(M = 24.4, SD = 0.9).
On average, the bilinguals rated themselves highly proficient in speaking German (M
= 4.95, SD = .22) and English (M = 4.24, SD = .60). Additional support comes from
independent proficiency tests that participants completed: the X_Lex Swansea Vocabulary
Test (Meara & Milton, 2003) in English (M = 86.1%, SD = .09), and a lexical decision task
(Lemhöfer, Dijkstra, & Michel, 2004) in German (M = 89.2%, SD = .08) and English (M =
86.3%, SD = .10). These scores indicate that the participants were highly proficient in both
languages.
Materials
For the German and English picture naming task, 56 black-on-white line drawings of
common objects were selected from the same source as used in Experiments 2.1 to 2.3 but,
unlike Experiments 2.1 to 2.3, had no repetition save for two stimuli. Both the German and
the English stimulus picture sets contained 28 cognates and 28 noncognates (see Appendix
2.B). The cognates and noncognates in German and English were matched on mean
frequency (Baayen et al. 1993); word length, name agreement, and visual complexity (Székely
et al., 2004); imageability (Lahl et al., 2009); and age of acquisition (German: Schroeder et al.,
2003; English: Morrison et al., 1997). The distribution of onset phonemes was similar across
both conditions (German cognates and noncognates: 13 plosives and 15 non-plosives;
English cognates: 12 plosives and 16 nonplosives; English noncognates: 13 plosives and 15
nonplosives). See Table 2.2 for a detailed presentation of word characteristics.
Apparatus and procedure
The procedure and apparatus were similar to Experiments 2.1 to 2.3. The order of the
language conditions was German before English. The experiment lasted approximately 20
min.

42

CHAPTER 2

Results and discussion
Data cleaning procedures were similar to those of Experiments 2.1 to 2.4. Voice key
errors (7.1% in German and 4.2% in English) and outliers (2.4% in German and 2.7% in
English) were eliminated from the RT analysis. The data were then analyzed as described in
Experiments 2.1 to 2.3. Table 2.3 shows RTs and error-omission rates.
In the overall ANOVA on the RT data, cognate status interacted with language byparticipants, F1 (1,19) = 30.57, MSE = 1220.88, p < .001, ηp2 = .62, and marginally by items,
F2 (1,108) = 3.28, MSE = 18010.06, p = .073, ηp2 = .03. The main effects for cognate status, F1
(1,19) = 103.56, MSE = 1160.77, p < .001, ηp2 = .85; F2 (1,108) = 10.64, MSE = 18010.06, p =
.001, ηp2 = .09, and language, F1 (1,19) = 28.31, MSE = 21663.68, p < .001, ηp2 = .60; F2 (1,108)
= 53.92, MSE = 18010.06, p < .001, ηp2 = .12, were significant. In the analysis of the erroromission rates, the interaction between cognate status and language was significant by
participants, F1 (1,19) = 6.68, MSE = 16.15, p = .018, ηp2 = .08, and marginally significant by
items, F2 (1,108) = 3.28, MSE = 194.76, p = .073, ηp2 = .03. The main effects for cognate
status, F1 (1,19) = 28.29, MSE = 37.90, p < .001, ηp2 = .60; F2 (1,108) = 13.55, MSE = 194.76, p
< .001, ηp2 = .11, and language, F1 (1,19) = 17.48, MSE = 80.59, p = .001, ηp2 = .48; F2 (1,108)
= 15.23, MSE = 194.76, p < .001, ηp2 = .12, were significant.
For L1 German picture naming, the RT analysis revealed a significant 38-ms effect of
cognate status, F1 (1,19) = 36.86, MSE = 374.82, p < .001, ηp2 = .66; F2 (1,54) = 3.35, MSE =
11673.23, p = .037, ηp2 = .06. The effect of cognate status was also significant in the erroromission analysis, F1 (1,19) = 22.60, MSE = 17.50, p < .001, ηp2 = .55; F2 (1,54) = 5.84, MSE =
84.54, p = .010, ηp2 = .09. In the L2 English picture naming RT analysis, the 102-ms effect of
cognate status was significant, F1 (1,19) = 38.08, MSE = 2755.25, p < .001, ηp2 = .69; F2 (1,54)
= 6.51, MSE = 26998.20, p = .007, ηp2 = .12, as was the cognate effect in the analysis of erroromission rates, F1 (1,19) = 17.40, MSE = 96.51, p = .001, ηp2 = .46; F2 (1,54) = 8.04, MSE =
284.37, p = .003, ηp2 = .13.
The adult German-English bilinguals showed a two-way cognate effect, although they
showed a smaller effect in L1 German picture naming (38ms) than in L2 English picture
naming (102ms), suggesting that the bilinguals’ L1 German is coactivated more strongly
when naming in L2 English than vice versa (see Figure 2.2). This pattern replicates Costa et
al.’s (2000) findings with adult Catalan-Spanish bilinguals who also showed weaker cognate
effects in picture naming in L1 Catalan than in L2 Spanish.

CROSS-LANGUAGE ACTIVATION IN CHILDREN’S SPEECH PRODUCTION

43

General Discussion
The goal of this study was to shed light on lexical processing in children, particularly
in children who have had sustained and substantial input in two or three languages in their
lives. More specifically, the present study examined the coactivation of languages in L2
learners, bilinguals and multilinguals and to what extent a nontarget language influences the
target language during language production. The coactivation of languages was examined by
comparing the naming of cognate and noncognate pictures in the dominant and
nondominant languages. We were particularly interested in how the coactivation of
languages is modulated by the relative language proficiencies in child L2 learners, and child
bilinguals and trilinguals compared with adults in whom language development has reached
its end state.
The L2 learners, the bilinguals and the trilinguals (Experiments 2.1-2.3) all exhibited a
cognate facilitation effect in their nondominant language, indicating that lexical processing in
the nondominant language is affected by knowledge of the dominant language, which
provides evidence for the coactivation of languages in picture naming in the nondominant
language. Strikingly, the more language-balanced bilinguals and trilinguals also showed a
cognate facilitation effect in their dominant language, although the magnitude of the effect
was smaller in their dominant than in their nondominant language. In contrast, the L2
learners’ dominant language performance showed no cognate effect. This indicates that only
bilinguals and trilinguals with a relatively high proficiency in the nondominant language
show cross-language activation during picture naming in both their nondominant and
dominant languages.
The cognate facilitation effect found in the L2 learners, bilinguals and trilinguals was
not observed in a matched monolingual control group (Experiment 2.4). Finally, highly
proficient, adult bilinguals displayed a significant cognate facilitation effect in both the
dominant and the nondominant languages (Experiment 2.5), although the magnitude of the
effect was greater when naming in the nondominant language, replicating previous results
obtained in Spanish-Catalan bilinguals (Costa et al., 2000).
The cognate facilitation effect in bilinguals has been explained by higher activation
that cognate words receive from both their dominant and nondominant language nodes
compared with noncognates, which receive activation from only their dominant language
node (see Figure 2.1). In addition, in bilingual speakers the links between the semantic system
and the lexical nodes are stronger in the dominant language compared with the nondominant
language (cf. Kroll & Stewart, 1994). Consequently, when a bilingual retrieves a cognate
during picture naming in the nondominant language, the strong activation of its translation
equivalent in the dominant language spreads to the phonological level, in turn facilitating the
retrieval of the phonological segments in the nondominant language. In contrast, when the
task is performed in the dominant language, the lower activation levels of the phonological
segments in the nondominant language do not facilitate the retrieval of phonological
segments in the dominant language to the same extent, thereby resulting in a smaller cognate
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effect when naming in the dominant language, as observed in the more proficient
bilinguals/trilinguals tested in Experiments 2.2, 2.3, and 2.5.
The L2 learners tested in Experiment 2.1 showed a cognate facilitation effect only in
the nondominant language, which indicates an asymmetry in the activation of nontarget
language codes related to relative language proficiency in the dominant and nondominant
languages. How can variation in language proficiency affect the coactivation of languages
during picture naming? In line with the model depicted in Figure 2.1, it is possible that the
activation levels of phonological segments in the nondominant language did not suffice in
facilitating the retrieval of the phonological segments in the dominant language.
Alternatively, one could argue that the activation levels of phonological segments in the
dominant language in the L2 learners were sufficiently high to coactivate phonology in the
nondominant language, but not high enough to actually facilitate the retrieval of the
phonological segments in the nontarget language during picture naming. Therefore, the
coactivation of phonology did not materialize into an observable cognate facilitation effect in
the L2 learners. Because the proficiency levels in the two languages were more balanced in the
bilingual and trilingual speakers, the activation levels of lexical items in the nontarget
language were closer to those in the target language, resulting in an observable cognate
facilitation effect in both German and English. An additional variable, age of L2 onset (AoO),
may also have played a role in influencing the activation levels of lexical items in the two
languages. As the bilinguals and trilinguals had experienced an earlier onset of L2 language
input outside the family environment (measured by years of exposure: L2 learners = 1.5,
bilinguals = 2.7, trilinguals = 2.2), one could assume that relative L2 activation is higher in the
bilinguals and trilinguals than in the L2 learners. To gain more insight into this issue, we
performed an ANOVA on the L2 naming latencies, comparing the L2 English naming
latencies of the L2 learners with German as their L1 (Experiment 2.1) with those of the L1
German trilingual children (Experiment 2.3). We found no significant difference (see “Crossgroup comparison Experiments 2.1 to 2.4” section above for the full report). Obviously, our
study was not designed to tease apart effects of age of onset and language proficiency.
In an inhibitory mechanism view (cf. Green, 1998), the results could be interpreted as
the basic level of activation of dominant language words being high in a bilingual speaker’s
lexicon, and in naming these words in the dominant language, the nondominant language,
whose lexical entries have comparatively less activation, needs to be inhibited to only a small
extent during the lexicalization process. This causes an insignificant or relatively small
cognate facilitation effect in the dominant language. In naming nondominant language
words, in contrast, the dominant language needs to be inhibited to a greater extent. The
significant and larger cognate facilitation effect in the nondominant language found in our
study could be assumed to result from the fact that with cognate words only part of the
dominant language competitor needs to be inhibited, namely those segments that do not
overlap in phonology. With noncognate words, however, the entire word in the dominant
language needs to be inhibited, resulting both in overall slower naming latencies for
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noncognate pictures and in larger cognate facilitation effects. In addition, the effects in
Experiments 2.1 to 2.3 are in line with the proficiency differences between the dominant and
nondominant languages and, thus, the relative language proficiencies.
Either account could potentially explain the asymmetry in cognate facilitation effects
in both children and adults in this study. What has become evident in the present study is
that, contrary to the within-language competitor effects found only in children and not in
adults by Jescheniak and colleagues (2006), the children in Experiments 2.1 to 2.3 showed a
similar overall naming latency pattern to that of the adults (Experiment 2.5). Specifically,
children and adults named cognate pictures faster than noncognate pictures in both the
dominant and the nondominant languages; moreover, the child bilinguals and trilinguals and
the adult bilinguals displayed significant cognate facilitation effects in both languages.
Critically, as discussed in the Introduction, the children exhibited slower overall naming
latencies compared with the adults, offering a greater time window to observe language
coactivation and, hence, for any cognate effects to show. From these results, it follows that
there is evidence for language coactivation in children exposed to multiple languages, that
this coactivation is modulated by relative language proficiency, and that coactivation is
stronger in the nondominant language.
The finding that bilinguals and trilinguals (Experiments 2.2 and 2.3) displayed slower
naming latencies in their dominant L1 than did L2 learners and monolinguals (Experiments
2.1 and 2.4) replicates results obtained in a cognate picture naming study with adults
(Ivanova & Costa, 2008). Ivanova and Costa (2008) interpreted their findings as a frequency
effect, given that bilinguals retrieve items from their L1 lexicon less often than monolinguals
do, which in turn decelerates L1 lexical item retrieval in bilinguals. This is reminiscent of the
weaker links hypothesis proposed by Gollan, Montoya, Cara, and Sandoval (2008), which is
based on the assumption that bilinguals (need to) divide their language use between the two
languages, from which it follows that these speakers have less exposure to each language
compared to monolinguals. More recently, Sandoval, Gollan, Ferreira, and Salmon (2010)
found differences between bilinguals and monolinguals in verbal fluency tasks to be better
explained by between-language interference than by the weaker links account. Particularly
the fact that bilinguals produced significantly more lower-frequency words than
monolinguals speaks against the weaker links hypothesis. Interestingly, in a study with
bilingual and monolingual children (rather than adults), Yan and Nicoladis (2009) explored
lexical access in comprehension and production in L1 and found no differences between
bilingual and monolingual children in receptive vocabulary but did so for productive
vocabulary. In other words, the bilinguals did not know fewer words than monolinguals (as
ascertained by the number of words correctly identified in comprehension posttests) but
displayed greater difficulty in accessing and retrieving them for production.
Finally, in a language comprehension study (in contrast to the present production
study) using, amongst others, lexical decision tasks with adult Dutch-English-French
trilinguals, Van Hell and Dijkstra (2002) found a cognate facilitation effect in the dominant
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language (Dutch) in which reaction times for Dutch words that were cognates with L2
English were faster than those for noncognates. Moreover, facilitation was also found for
cognates with the trilinguals’ L3 (French), but only in those trilinguals whose relative L3
fluency was comparable to that of their L2 (English). Critically, in the Van Hell and Dijkstra
study, participants were in a solely L1, thus dominant, language mode. Still, words presented
in the dominant language automatically activated information in the nontarget language in
parallel, implying that the multilinguals’ processing system is profoundly nonselective with
respect to language. Furthermore, the authors concluded that a high level of nontarget
language fluency is necessary before the weaker language exerts enough influence on the
target language to have a measurable impact in processing. This parallels the current findings
in the child L2 learners versus the child bilinguals and child trilinguals in that a cognate effect
in the L1 emerged only when children had gained a relatively high level of nontarget (L2)
language proficiency.
Conclusion
The present study has shown that coactivation of languages is evident in child L2
learners, bilinguals, and trilinguals. Furthermore, in children with varying proficiencies in
their nondominant language(s), the activation level(s) of the nondominant language(s) needs
to be sufficiently developed to allow for any cross-language activation that results in a
significant cognate facilitation effect when naming in the dominant language. Finally,
researching language coactivation in children who have grown up or are in the process of
learning multiple languages and have varying language dominance yields valuable insights
into understanding developmental patterns in bilingual/multilingual language processing.
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Appendix 2.A
List of stimuli used in Experiments 2.1 through 2.4.
German block

English block

Cognates

Noncognates

Cognates

Noncognates

German

English

German

English

English

German

English

German

Anker

[anchor]

Ast

[branch]

1

apple

[Apfel]+

airplane

[Flugzeug]

Apfel

[apple]

Baum

[tree]

2

baby

[Baby]+

arrow

[Pfeil]

Baby

[baby]

Burg

[castle]

3

balloon

[Ballon]

basket

[Korb]+

Ball

[ball]

Dach

[roof]

4

banana

[Banane]+

bat

[Fledermaus]+

Banane

[banana]

Drachen

[kite]

5

boat

[Boot]

bell

[Klingel]

Bank

[bench]

Ente

[duck]

6

book

[Buch]+

bicycle

[Fahrrad]+

Bär

[bear]

Esel

[donkey]

7

camera

[Kamera]

bone

[Knochen]+

Buch

[book]

Fahrrad

[bicycle]

8

carrot

[Karotte]

box

[Kiste]

Bus

[bus]

Fenster

[window]

9

cat

[Katze]+

branch

[Ast]+

Clown

[clown]

Fledermaus

[bat]

10 clown

[Clown]+

bucket

[Eimer]

Daumen

[thumb]

Gabel

[fork]

11 cow

[Kuh]

butterfly

[Schmetterling]+

Geist

[ghost]

Kartoffel

[potato]

12 dinosaur

[Dinosaurier] button

[Knopf]+

Kamm

[comb]

Kissen

[pillow]

13 dolphin

[Delphin]

castle

[Burg]+

Känguru

[kangaroo]

Knochen

[bone]

14 flag

[Flagge]

cup

[Tasse]+

Katze

[cat]

Knopf

[button]

15 ghost

[Geist]+

donkey

[Esel]+

Kerze

[candle]

Korb

[basket]

16 gorilla

[Gorilla]

goat

[Ziege]

König

[king]

Pferd

[horse]

17 guitar

[Gitarre]

pear

[Birne]

Kreuz

[cross]

Pilz

[mushroom] 18 kangaroo [Känguru]+

pencil

[Bleistift]

Leiter

[ladder]

Pinsel

[brush]

19 king

[König]+

pig

[Schwein]

Löwe

[lion]

Puppe

[doll]

20 lion

[Löwe]+

pillow

[Kissen]+

Palme

[palm tree]

Schildkröte

[turtle]

21 nail

[Nagel]

pineapple

[Ananas]

Papagei

[parrot]

Schmetterling [butterfly]

22 penguin

[Pinguin]

potato

[Kartoffel]+

Telefon

[telephone]

Tasche

[purse]

23 puzzle

[Puzzle]

pumpkin

[Kürbis]

Tiger

[tiger]

Tasse

[cup]

24 table

[Tisch]+

strawberry

[Erdbeere]

Tisch

[table]

Teller

[plate]

25 telephone [Telefon]+

tent

[Zelt]*

Tür

[door]

Topf

[pot]

26 tiger

[Tiger]+

tree

[Baum]+

Traktor

[tractor]

Tüte

[bag]

27 toilet

[Toilette]

truck

[Laster]

Windmühle

[windmill]

Zug

[train]

28 tractor

[Traktor]+

turtle

[Schildkröte]+

+ = repeated items in the English condition / * near-cognate items considered noncognates
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List of stimuli used in Experiment 2.5
German block

English block

Cognates

Noncognates

Cognates

Noncognates

German

English

German

English

English

German

English

German

Anker

[anchor]

Ast

[branch]

apple

[Apfel]

airplane

[Flugzeug]

Ball

[ball]

Baum

[tree]

baby

[Baby]

bell

[Klingel]

Bank

[bench]

Dach

[roof]

balloon

[Ballon]

belt

[Gürtel]

Bombe

[bomb]

Dusche

[shower]

banana

[Banane]

bicycle

[Fahrrad]

Bus

[bus]

Ente

[duck]

bear

[Bär]

bottle

[Flasche]

Clown

[clown]

Esel

[donkey]

boat

[Boot]

bucket

[Eimer]

Delphin

[dolphin]

Fenster

[window]

camel

[Kamel]

butterfly

[Schmetterling]+

Gitarre

[guitar]

Fledermaus

[bat]

camera

[Kamera]

cloud

[Wolke]

Kaktus

[cactus]

Gabel

[fork]

carrot

[Karotte]

fence

[Zaun]

Kamm

[comb]

Kartoffel

[potato]

cat

[Katze]

genie

[Flaschengeist]

Kerze

[candle]

Kissen

[pillow]

cow

[Kuh]

goat

[Ziege]

König

[king]

Knochen

[bone]

cross

[Kreuz]

pear

[Birne]

Krebs

[crab]

Knopf

[button]

dinosaur

[Dinosaurier] pen

[Kugelschreiber]

Krone

[crown]

Korb

[basket]

dragon

[Drache]

pencil

[Bleistift]

Leiter

[ladder]

Pfau

[peacock]

flag

[Flagge]

piano

[Klavier]

Maske

[mask]

Pferd

[horse]

ghost

[Geist]

pot

[Topf]

Maus

[mouse]

Pilz

[mushroom]

gorilla

[Gorilla]

current

[Geschenk]

Nase

[nose]

Pinsel

[brush]

kangaroo [Känguru]

pumpkin

[Kürbis]

Palme

[palm tree] Ritter

[knight]

lion

[Löwe]

rabbit

[Kaninchen]

Papagei

[parrot]

Schildkröte

[turtle]

nail

[Nagel]

skunk

[Stinktier]

Rose

[rose]

Schmetterling

[butterfly]

pan

[Pfanne]

strawberry

[Erdbeere]

Telefon

[telephone

Schwein

[pig]

penguin

[Pinguin]

sweater

[Pullover]

Tiger

[tiger]
]

Strauß

[ostrich]

pirate

[Pirat]

tank

[Panzer]

Traktor

[tractor]

Tasse

[cup]

puzzle

[Puzzle]

racket

[Schläger]

Tür

[door]

Teller

[plate]

rainbow

[Regenbogen

tent

[Zelt]

Vulkan

[volcano]

Tisch

[table]

rocket

[Rakete]
]

truck

[Laster]

Windmühle

[windmill]

Tüte

[bag]

sun

[Sonne]

turtle

[Schildkröte]+

Zebra

[zebra]

Zug

[train]

toilet

[Toilette]

witch

[Hexe]

+ = repeated items in the English condition
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ABSTRACT
In a picture naming study, we examined cross-language activation during speech production
in three groups of trilinguals: L3-immersed German-English-Dutch, non-L3-immersed
Dutch-English-German, and L3-immersed Russian-English-German trilinguals. All
trilinguals named pictures with cognate and noncognate names in their L2 and their L3.
Specifically, we examined cognate effects in same-script trilinguals who were either immersed
or not immersed in their L3 and trilinguals whose first language (Russian) differs in script
from their other two languages (German, English) to address the questions (1) whether, as
non-target language knowledge is co-activated, cognate effects accrue across languages
during word production, and (2) whether immersion in L3 is a modulating factor in crosslanguage activation. We found cognate facilitation in the same-script trilinguals across all
languages, though with patterns modulated by the trilinguals’ L3-immersion status and L3
proficiency, corroborating and extending earlier findings in bilingual adults and children.
Critically, we also found cognate effects in the different-script trilinguals when the pictures
had cognate names in all three languages, indicating that the L1 Russian phonology was
activated during naming in L2 English when L3 German was also present, and vice versa.

This chapter has been published as: Poarch, G. J., & Van Hell, J. G. (2013). Cross-language activation
in same-script and different-script trilinguals. International Journal of Bilingualism. doi:10.1177/
1367006912472262

*
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Introduction

Past research has demonstrated that when bilinguals and second language learners use
one language only, for example in naming words or pictures, both languages are nevertheless
active (e.g., Colomé, 2001; Costa, Caramazza, & Sebastián-Gallés, 2000; Hermans, Ormel,
Besselaar, & Van Hell, 2011; Kroll, Bobb, Misra, & Guo, 2008; Van Hell & Dijkstra, 2002). A
frequently used technique to examine the co-activation of languages in multilinguals is by
using cognate and noncognate words. Cognates are word translations that have orthographic
(in same-script languages) and phonological overlap, such as the English-German translation
carrot-Karotte, making them similar in both spelling and pronunciation. Noncognates, in
contrast, have negligible phonological and orthographic overlap, such as the English-German
translation chicken-Huhn. Cognates have been widely used in bilingual research to investigate
how bilinguals exhibit influences from their other language, even in settings where only one
language is to be used (e.g., Costa et al., 2000; Costa, Miozzo, & Caramazza, 1999; Hoshino &
Kroll, 2008; Kroll, Dijkstra, Janssen, & Schriefers, 2000; Poarch & Van Hell, 2012). These
studies observed that bilinguals name cognates faster than noncognates. For example, in a
picture naming study with Spanish-Catalan bilinguals, Costa and colleagues (2000) found
that cognates are named faster than noncognates both when presented in the second
language (L2) and in the first language (L1). Results from this and related studies suggest that
phonological representations in both target and nontarget languages are activated and
retrieved, resulting in bilinguals naming pictures with cognate names faster than pictures
with noncognate names. The cognate facilitation effect during picture naming is taken as
evidence for co-activation up to the level of phonology of the nontarget language lexical
candidate during lexical retrieval of the target-language candidate.
Costa and colleagues (2000) observed cognate facilitation effects in L1 and L2,
although the magnitude of the effect was smaller in L1. The bilinguals in this study were
highly fluent speakers of L1 and L2, who had learned both languages at an early age. Recent
picture naming studies (Hoshino & Kroll, 2008; Kroll et al., 2000) suggest that language
proficiency and language learning history may affect the magnitude of the observed cognate
effect and cross-language activation patterns. For example, Kroll and colleagues (2000) tested
fairly proficient but unbalanced Dutch-English bilinguals who were more proficient in their
L1 Dutch than in their L2 English, had learned English around the age of 10 to 11, and lived
in an L1 environment (non L2-immersed). In a picture naming study with cognate and
noncognate pictures, these bilinguals showed a cognate facilitation effect when naming
pictures in L2 but not in L1. In a study with 5- to 8-year-old children, Poarch & Van Hell
(2012) found that while German learners of L2 English behaved similarly to the adult
bilinguals in the Kroll et al. study, fluent German-English bilinguals and fluent GermanEnglish-Language X trilinguals showed a cognate facilitation effect when naming pictures in
L2 and, critically, in L1. Cross-language activation in these children was thus assumed to be
modulated predominantly by relative language proficiency. Taken together, the results
obtained in the studies above show that the stronger a non-target language is, the stronger its
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effect on the target language, an effect that has been explained on the grounds of a strong
language spreading more activation to the weaker language than vice versa, and this
becoming particularly visible in naming cognates between two languages.
In the present study, we seek to examine two factors that may affect cross-language
activation in production: (a) relative language fluency, and (b) immersion in a language
environment other than L1. Specifically, we report three experiments that examined to what
extent same-script L3-immersed German-English-Dutch trilinguals (i.e., immersed in an L3
language environment), non-L3-immersed same-script Dutch-English-German trilinguals,
and L3-immersed different-script Russian-German-English trilinguals experience crosslanguage activation during speech production. To explore this, we examined cognate effects
in L2 and L3 picture naming. We were particularly interested in whether (1) the L3immersion status of each group had an effect on cross-language activation patterns between
L3 and the other two languages, and whether (2) the L1 Russian and the L1 German
trilinguals, both of whom were immersed in their L3, would show similar or different crosslanguage activation patterns given that their L1s differed in script. In the remainder of this
section, we briefly review studies on bilinguals and trilinguals and outline effects of
proficiency and immersion.
Relative language proficiency has been shown to have an influence on language coactivation in bilinguals. In a study by Van Hell and Dijkstra (2002), Dutch-English-French
trilinguals performed word association and lexical decision tasks in L1. Word association and
lexical decision times to L1-L2 and L1-L3 cognates were shorter relative to noncognate
controls, although the L1-L3 cognate facilitation effect reached significance only in trilinguals
with sufficient L3 proficiency. These results imply that language co-activation only becomes
evident above a specific proficiency threshold, in this case in the L3. Lemhöfer, Dijkstra, and
Michel (2004), in a similar study using an L3 lexical decision task with proficient DutchEnglish-German trilinguals, found that all the trilinguals’ languages were involved during the
process of word recognition and even stronger cognate facilitation became evident for triple
cognates (i.e. Dutch-English-German) than for double cognates (i.e. Dutch-German). For
sufficiently proficient trilinguals, the cognate effect can thus accumulate over languages in
language comprehension tasks.
Kroll, Sumutka, and Schwartz (2005) reviewed studies that have shown that for
beginning L2 learners, L1 on L2 effects are greater than vice versa. As speakers become more
proficient in their L2, the magnitudes of the effects become more similar, although L1 on L2
effects typically still remain greater than L2 on L1 effects. Interestingly, this is even the case in
bilinguals who speak two languages with different scripts. Hoshino and Kroll (2008) used
cognates to explore cross-language activation in picture naming with same-script and
different-script bilinguals. They found that both groups of bilinguals named cognates faster
than noncognates, which in the case of the different-script bilinguals led the authors to
assume that during picture naming both languages are activated to the level of phonology
during the retrieval process, even when the written form is absent.
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A second factor that has been found to affect the co-activation of languages in
multilinguals is immersion experience. To explore how access to languages is affected in
speakers immersed in an L2 environment, Linck, Kroll, and Sunderman (2009) compared
English-speaking learners of Spanish either exposed to Spanish in the classroom or immersed
in the L2 environment in Spain. Participants were asked to perform an L2-L1 translation
recognition task and verbal fluency tasks in both English and Spanish. Results revealed that
the immersed group had reduced access to their L1 relative to the classroom learners. The
authors interpreted this as being caused by the necessary inhibition of L1 during immersion
in L2. In a study by Levy, McVeigh, Marful, and Anderson (2007), L1 inhibition was induced
in participants in a laboratory setting using the retrieval-induced forgetting paradigm. After
having named pictures repeatedly in the L2, participants generated significantly fewer words
in L1 than participants who had previously named pictures in L1. As such, these results
indicate that whether or not speakers are immersed in L2 environments has effects on the
ease of access to all of their languages.
The present study
To test how relative language proficiency and length of language exposure affect
cross-languages activation across three languages in trilinguals, we manipulated cognate
status across different language combinations, namely triple three-language cognates (L1-L2L3 cognates), double two-language cognates (L1-L2 cognates and L2-L3 cognates in L2
naming and L1-L3 cognates and L2-L3 cognates in L3 naming), and noncognate control
words. We then compared L2 and L3 naming performances of L3-immersed GermanEnglish-Dutch same-script trilinguals with non-immersed Dutch-English-German samescript trilinguals and with L3-immersed Russian-English-German different-script trilinguals.
For the trilinguals in this study, relative language proficiency should have an effect on
these individuals’ sensitivity to L1 and L3 co-activation when processing in L2 and sensitivity
to L1 and L2 when processing in L3. The rationale is that less effort is needed to retrieve and
name words that have been used more often by speakers, which in turn is influenced by the
current language environment. At the same time, the more proficient speakers become in
their languages, the more often they are likely to retrieve and use words in these languages.
Thus, for the same-script trilinguals, cognate facilitation should be observed in
naming in L2 if, for example, one (L1 or L3) or both (L1 and L3) nontarget languages are also
activated during L2 naming. For the different-script trilinguals, if both nontarget languages
are also activated even when L1 differs in script from L2 and L3, then cognate facilitation
across all three languages should be observed. If, however, script is a modulating factor in the
co-activation of languages or serves as a cue to direct lexical access, then the Russian–
German–English trilinguals are expected to receive no facilitating activation from their L1
Russian. Finally, for all three groups and irrespective of any script differences, whether or not
participants are immersed in their L3 may also have an effect on L3 activation. Specifically,
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those participants immersed in L3 could be assumed to outperform the non-immersed
participants’ L3 regarding speed and accuracy in L3 naming.

Experiment 3.1: L3-immersed same-script trilinguals naming in L2 and L3
Method
Participants
Thirteen female German-English-Dutch trilinguals, enrolled in the Faculty of Social
Sciences at Radboud University, Nijmegen, the Netherlands, took part in the experiment.
They received course credits for their participation. Their ages ranged from 19.2 to 26.9 years
(M = 21.5, SD = 2.0), they had all been born in Germany and had had an average of 8.7 years
of English instruction (SD = 1.8) at school. They had been living in the Netherlands for 2.1
years (SD = 1.3) and had had 1.5 years of Dutch instruction (SD = 0.6) during this time.
Participants were asked to fill in a language history questionnaire to assess their
language learning biographies and time spent immersed in any of the languages. They also
self-rated their proficiencies in speaking, writing, reading, and listening in L1, L2, and L3 on a
5-point Likert scale. Participants also completed proficiency tests in German, English, and
Dutch: The English X-Lex vocabulary test (Meara & Milton, 2003) and German, Dutch, and
English lexical decision tasks (Lemhöfer et al., 2004). The outcomes of the language
background and proficiency measures are given in Table 3.1.
They rated themselves highly proficient in speaking German and about equally
proficient in L2 English and L3 Dutch (Mean difference = 0.3; t(12) = 1.23, p = .22). In the
proficiency measures, the L2 English lexical decision accuracy was marginally significantly
higher than that in L3 Dutch, t(12) = 2.11, p = .057.
Materials
The materials consisted of two sets of experimental stimuli: one for the L2 English and
one for the L3 Dutch picture naming task. One-hundred-and-twenty black-on-white line
drawings of common objects were selected from the International Picture Naming Project
database (Székely et al., 2004). The L2 English materials consisted of 20 cognates between L1,
L2, and L3 (triple cognates), 12 cognates between L1 German and L2 English and between L2
English and L3 Dutch (double cognates), and 28 noncognates. The L3 Dutch materials
consisted of 19 L1, L2, and L3 (triple cognates), 17 cognates between L1 German and L3
Dutch and between L2 English and L3 Dutch (double cognates), and 24 noncognates (see
stimuli lists in Appendices 3.A and 3.B).
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Table 3.1

Mean years of foreign language instruction, immersion experience, frequency of
speaking, and proficiency scores of participants in Experiments 3.1 to 3.3.

Language

Years of
instruction

Years in
language
environment

Frequency of
speaking a

Self-rated oral
proficiency b

Lexical
Decision
Task

English
X_Lex Score

EXPERIMENT 3.1: L1 GERMANS
L1 German

13.0 (0.0)

19.4 (1.5)

4.9 (0.1)

4.9 (0.1)

97.9 (1.2)

N/A

L2 English

8.7 (1.8)

0.0 (0.0)

2.9 (0.4)

3.6 (0.7)

89.7 (5.1)

4206 (478)

L3 Dutch

1.5 (0.6)

2.1 (1.3)

4.3 (0.8)

3.3 (0.6)

83.7 (8.1)

N/A

EXPERIMENT 3.2: L1 DUTCH
L1 Dutch

12.0 (0.0)

19.8 (1.8)

4.9 (0.2)

4.9 (0.2)

97.9 (1.4)

N/A

L2 English

8.1 (1.7)

0.0 (0.0)

3.1 (0.5)

3.4 (0.6)

93.0 (3.9)

4423 (392)

L3 German

5.2 (1.4)

0.0 (0.0)

1.1 (0.3)

2.5 (0.8)

74.9 (6.1)

N/A

EXPERIMENT 3.3: L1 RUSSIANS
L1 Russian

11.6 (0.3)

20.1 (3.9)

4.7 (0.3)

5.0 (0.2)

N/A

N/A

L2 English

10.3 (1.9)

0.2 (0.4)

4.0 (0.6)

3.9 (0.5)

74.2 (11.4)

3970 (650)

L3 German

5.5 (2.3)

6.5 (3.2)

4.6 (0.5)

4.1 (0.4)

72.7 (11.8)

N/A

Note. See text for more details on each of the tests. Standard deviations are in parentheses.
a
b

1 = “never”, 2 = “seldom”, 3 = “sometimes”, 4 = “often”, and 5 = “daily”.
1 = “none”, 2 = “low”, 3 = “moderate”, 4 = “moderate to high”, and 5 = “native-like” proficiency.

The three word types of picture names in English and in Dutch were matched on
frequency (CELEX database, Baayen, Piepenbrock, & Van Rijn, 1993), word length, name
agreement, visual complexity (Székely et al., 2004), and imageability (Lahl, Goeritz,
Pietrowsky, & Rosenberg, 2009), all ps >.10, save visual complexity in English, in which they
differed significantly, F(2,57) = 3.64, p = .03; this difference, however, worked against the
predicted cognate effect as the triple cognates stimuli had higher visual complexity ratings
than the other two word types. Table 3.2 presents the mean word characteristics for the
stimuli sets.
Apparatus and procedure
The experiment was programmed in E-Prime (Schneider, Eschman, & Zuccolotto,
2002) and run on a Pentium computer. Voice onset was measured using a microphone
(Philips SBC ME570) connected to an E-Prime serial response button box (Schneider, 1995).
Participants were tested individually and were seated in a dimly lit room
approximately 50cm from the monitor. They were asked to name the objects on the screen as
quickly and as accurately as possible in the target language, speaking into the microphone set
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before them. Throughout the experiment the experimenter (a balanced English-German
bilingual) used exclusively the language in which the pictures were to be named by the
participants. The experiment was set up in four blocks, the first of which being 15 practice
trials. These trials were used to familiarize the participants with the experimental procedure
and, if necessary, to give them additional instructions before proceeding. Each of the three
experimental blocks was made up of 20 stimuli and was started with the press of a button by
the researcher.
Table 3.2

Word characteristics of the word types used in Experiments 3.1 to 3.3.
Word characteristics

Word type

Word length

Log frequency

Name agreement

Visual complexity

1.7 (0.7)
1.8 (0.7)
1.8 (0.7)

1.2 (0.4)
1.4 (0.6)
1.2 (0.5)

.90 (.13)
.88 (.16)
.96 (.08)

15593 (5065)
16654 (7231)
20992 (10840)

Noncognate
Double cognate

1.8 (0.7)
1.7 (0.7)

1.1 (0.5)
1.3 (0.5)

.94 (.13)
.90 (14)

15682 (6609)
17831 (9027)

Triple cognate

2.0 (0.6)

1.0 (0.5)

.93 (.10)

23572 (15709)

1.5 (0.6)
1.6 (1.0)
1.6 (0.6)

1.5 (0.4)
1.3 (0.4)
1.4 (0.6)

.90 (.11)
.90 (.16)
.95 (.05)

16386 (6806)
13465 (4639)
21224 (11423)

Noncognate
Double cognate

1.9 (1.0)
1.7 (0.8)

1.4 (0.5)
1.4 (0.7)

.87 (.10)
.91 (.15)

17948 (6741)
16580 (5899)

Triple cognate

1.6 (0.7)

1.6 (0.6)

.94 (.13)

16381 (8721)

1.5 (0.6)
1.6 (1.0)
1.6 (0.6)

1.5 (0.4)
1.3 (0.4)
1.4 (0.6)

.90 (.11)
.90 (.16)
.95 (.05)

16386 (6806)
13465 (4639)
21224 (11423)

Noncognate
Double cognate

1.9 (0.7)
1.9 (0.7)

1.3 (0.5)
1.4 (0.4)

.89 (.10)
.90 (.14)

18357 (7098)
16674 (6670)

Triple cognate

1.7 (0.6)

1.5 (0.5)

.96 (.07)

17604 (9503)

L1 GERMANS (L2)
Noncognate
Double cognate
Triple cognate
L1 GERMANS (L3)

L1 DUTCH (L2)
Noncognate
Double cognate
Triple cognate
L1 DUTCH (L3)

L1 RUSSIANS (L2)
Noncognate
Double cognate
Triple cognate
L1 RUSSIANS (L3)

Note. Standard deviations are in parentheses.

Each experimental trial was structured as follows. A fixation sign was displayed for
1000ms followed by a picture for 5000ms or until the participant responded. The pictures
were presented in a pseudo-random order with the restriction that no more than three
cognates or noncognates or pictures with an identical initial phoneme would be displayed in
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a row. The experimenter used a coding sheet to register the participant’s utterances and the
experiment was digitally recorded for later analysis. Participants performed the task in the
first of the two language conditions, followed by a break of approximately 4 minutes in which
the experimenter switched to the language of the upcoming condition, after which the
participants performed the task in the second language condition. The order of language
conditions was counterbalanced across participants.
Results and discussion
For each participant and each item, mean naming latencies and mean percentages of
accuracy were calculated for the three word types in English and Dutch. An omission was
scored if the participant had not responded within the 5000ms allotted for naming after
picture presentation. Trials associated with voice-key failures and incorrect responses as well
as outliers with RTs shorter than 200ms or longer than 2.5 standard deviations (SD) above
the participant’s mean were excluded from RT analyses.
The data for L2 and L3 naming were analyzed separately. One-factor analyses of
variance (ANOVA) were performed by participants (F1) and by items (F2) on the mean
naming latencies of the correct responses, as well as on the accuracy rates, with word type (for
L2 naming: triple cognates, double cognates, and L2 noncognates; for L3 naming: triple
cognates, double cognates, and L3 noncognates) serving as independent variable. In the
participant analysis, word type was treated as within-participant variable, while in the
corresponding item analysis word type was treated as between-items factor. Post hoc analyses
included pairwise comparisons by participant with a Bonferroni correction and Tukey HSD
comparisons by item. The resulting means and SDs are presented in Table 3.3.†
Naming in L2 English. Voice-key failures made up 7.3% of triple cognates, 4.6% of double
cognates, and 5.5% of noncognates. Outliers made up 1.8% of triple cognates, 2.9% of double
cognates, and 2.0% of noncognates. To prevent that extremely low accuracy rates would bias
the pattern of findings, the following data trimming procedures were used.
Cut-off points at 40% participant accuracy rate and 25% item accuracy rate were
employed, only above which threshold a participant’s data and an item’s data were entered in
the final analysis. Following this, one participant had to be dropped from the L2 and,
consequently, also from the L3 data analyses. Note that only the data of participants who had
performed above the threshold in both L2 and L3 naming was included in the final analysis.
None of the items had to be excluded.

As we had well-founded predictions with respect to the direction of the cognate effect at the onset of
this study, p-values throughout this manuscript are reported for one-tailed tests.
†
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Mean response times (in ms), accuracy rates (in %), and cognate effect magnitudes by
word type for the trilinguals’ L2 and L3 picture naming in Experiments 3.1 to 3.3.
L1 Germans

L1 Dutch

L1 Russians

Word type & effect magnitude
L2 Picture Naming

RT

Triple cognate (A)

1338 (223)

1307 (238)

1187 (259)

Double cognate (B)

1548 (280)

1582 (417)

1382 (374)

Noncognate (C)

1668 (265)

1435 (210)

1399 (296)

– Effect A vs. B

209

*

– Effect A vs. C

330

***

– Effect B vs. C

120

275

*

195

***

128

**

212

***

-147

17

Accuracy
Triple cognate (A)

79.6 (8.7)

86.3 (8.6)

81.7 (10.2)

Double cognate (B)

59.4 (14.2)

70.8 (15.2)

67.7 (14.1)

Noncognate (C)

61.3 (14.4)

80.1 (11.6)

66.4 (15.3)

– Effect A vs. B

20.2

***

15.5

**

– Effect A vs. C

18.3

***

– Effect B vs. C

-1.9

L3 Picture Naming

RT

Triple cognate (A)

14.0

***

6.2*

15.3

***

-9.3

1.3

1492 (322)

1664 (311)

1100 (143)

Double cognate (B)

1601 (311)

1791 (446)

1221 (203)

Noncognate (C)

1765 (358)

2114 (606)

1284 (214)

– Effect A vs. B

109

128

121

***

– Effect A vs. C

273

***

– Effect B vs. C

164

*

450

*

284

323

*
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Accuracy
Triple cognate (A)

72.8 (17.7)

56.8 (18.9)

90.9 (7.7)

Double cognate (B)

66.4 (17.1)

65.4 (15.1)

81.4 (10.6)

Noncognate (C)

57.0 (22.4)

38.8 (13.3)

82.5 (12.4)

– Effect A vs. B

6.4

-8.6

9.5

***

– Effect A vs. C

15.8

***

– Effect B vs. C

9.4

*

*

18.0

*

8.4

26.6

***

-1.1

Note. Standard deviations are in parentheses. Significant effects indicated by:
*p < .05; **p < .01; ***p < .001.

In the naming latency analysis, there was a significant effect of word type, F1 (2,22) =
13.14, MSE = 25438, p < .001, ηp2 = .54; F2 (2,57) = 3.93, MSE = 137918, p = .013, ηp2 = .12.
The post hoc analysis yielded significantly shorter reaction times for triple cognates than
double cognates (p1 = .016, but p2 > .20) and noncognates (p1 < .001, p2 < .01). Double
cognates did not differ significantly from noncognates (both ps > .25).
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The ANOVA on the accuracy data revealed a significant effect of word type, F1 (2,22)

= 22.49, MSE = 66, p < .001, ηp2 = .67; F2 (2,57) = 3.61, MSE = 671, p = .017, ηp2 = .11. The
post hoc analysis yielded significantly higher accuracy rates for triple cognates than for
double cognates (p1 < .001, p2 = .05) and noncognates (p1 < .001, p2 = .02). Double cognates
and noncognates did not differ significantly (both ps > .40). Figure 3.1 displays naming
latencies and accuracy rates.

Figure 3.1 Naming latencies (y-axis) and accuracy rates (z-axis) for L2 picture naming
(Experiments 3.1-3.3).

Naming in L3 Dutch. In L3 Dutch naming, voice-key failures made up 2.4% of triple
cognates, 1.3% of double cognates, and 0.8% of noncognates. Outliers made up 1.4% of triple
cognates, 0.5% of double cognates, and 2.0% of noncognates. For data trimming, the same
cut-off points were used as in L2 naming. None of the participants or items in the L3 Dutch
naming condition had to be excluded.
In the L3 naming latency analysis, there was a significant effect of word type, F1 (2,22)
= 3.69, MSE = 61213, p = .021, ηp2 = .25; F2 (2,57) = 2.98, MSE = 113251, p = .03, ηp2 = .10.
The post hoc analysis yielded significantly shorter reaction times for triple cognates than
noncognates (p1 = .012, p2 = .027), while none of the other pairs differed significantly (all ps
> .20).
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The accuracy data analysis revealed a significant effect of word type by participant, F1
(2,22) = 5.66, MSE = 133, p = .005, ηp2 = .34, and a marginally significant effect by item, F2
(2,57) = 2.21, MSE = 601, p = .06, ηp2 = .07. The post hoc analysis yielded significantly higher
accuracy rates for triple cognates than noncognates (p1 = .02, p2 = .07), and for double
cognates than noncognates (p1 = .034, but p2 > .10). Triple cognates and double cognates did
not differ significantly (p1 > .25, p2 > .40). Figure 3.2 displays naming latencies and accuracy
rates.
The results from Experiment 3.1 showed significantly shorter naming latencies and
higher accuracy rates for triple cognates than for double cognates and noncognates in L2
naming. In L3 naming, triple cognates were named faster than noncognates, and triple
cognates and double cognates were named more accurately than noncognates. These results
indicate that in these same-script L1 German trilinguals, who at the time of the experiment
had been and were still immersed in an L3 Dutch environment, there is stronger crosslanguage activation in L2 naming when all three languages are co-activated by the stimulus
(triple cognate) than if only two languages are co-activated (double cognates).

Figure 3.2 Naming latencies (y-axis) and accuracy rates (z-axis) for L3 picture naming
(Experiments 3.1-3.3).

In L3 naming, triple cognates were named faster than noncognates and triple
cognates, and double cognates were named more accurately than L2 noncognates. This could
be interpreted as L2 English activation in L3 Dutch naming being less prominent, possibly
mirroring an effect of the active daily usage of Dutch paired with the generally strong
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activation of L1 German. Also, one could assume that the L2 in these participants has not yet
reached the proficiency threshold to exert a strong influence on L3 language production
while being immersed in the L3 does affect L3 picture naming. In an attempt to shed more
light on the effect of immersion, in Experiment 3.2, a group of L1 Dutch trilinguals with the
same three languages at their disposal were tested. In contrast to the Experiment 3.1
participants, these participants were living in an L1 environment, thus non-immersed in their
L3. Hence, although both groups of trilinguals were university students at the same Dutch
university, and spoke the same three languages, the trilinguals tested in Experiment 3.1 were
immersed in their L3, whereas the trilinguals tested in Experiment 3.2 were immersed in their
L1.

Experiment 3.2: Non-L3-immersed same-script trilinguals naming in L2 and L3
Method
Participants
Twenty-six female Dutch-English-German trilinguals, enrolled in the Faculty of Social
Sciences at Radboud University, Nijmegen, the Netherlands, took part in the experiment.
They received course credits for their participation. Their ages ranged from 18.2 to 24.7 years
(M = 19.8, SD = 1.8). The participants had all been born in the Netherlands, had had 8.1 years
of English instruction (SD = 1.7) and 5.2 years of German instruction (SD = 1.4) at secondary
school. They rated themselves highly proficient in speaking Dutch, and more proficient in
English than in German (Mean difference = 0.9; t(25) = 5.89, p < .001). Participants also
completed the proficiency measures outlined in Experiment 3.1. Results are displayed in
Table 3.1. The scores indicate that participants were more proficient in L2 English than in L3
German, t(25) = 14.16, p < .001.
Materials
The materials consisted of two sets of experimental stimuli: one for the L2 English and
one for the L3 German picture naming task.
The sixty L2 English naming stimuli, identical to those used in Experiment 3.1,
consisted of 20 cognates between L1, L2, and L3 (triple cognates), 12 cognates between Dutch
and English (L1-L2 double cognates) and English and German (L2-L3 double cognates), and
28 noncognates. The L3 German picture naming materials consisted of sixty black-on-white
line drawings of common objects (Székely et al., 2004; see Appendix 3.B). There were 18
cognates between L1, L2, and L3 (triple cognates), 16 cognates between Dutch and German
(L1-L3 double cognates) and English and German (L2-L3 double cognates), and 26
noncognates. The three word types did not differ significantly in log frequency (Baayen et al.,
1993), word length, visual complexity, and name agreement, (Székely et al., 2003), all ps > .20,
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save visual complexity in L2 English (see Materials section in Experiment 3.1). Table 3.2
presents the mean word characteristics for the stimuli sets.
Apparatus and procedure
The apparatus and procedure used were the same as in Experiment 3.1.
Results and discussion
The data were analyzed as in Experiment 3.1.
Naming in L2 English. In L2 naming, trials associated with voice-key failures (4.4% triple
cognates, 8.3% double cognates, and 8.7% noncognates), incorrect responses, and outliers
(0.6% triple cognates, 2.8% double cognates, and 2.4% noncognates) were excluded from the
RT analysis. Using the same cut-off points as in Experiment 3.1, fourteen participants were
dropped from the L2 English naming data analysis. Even though their accuracies on the L2
naming task were above threshold, we excluded their data in the L2 naming analyses because
they performed below the accuracy threshold in their L3 German naming. This left twelve
participants.
The naming latency analysis yielded a significant effect of word type, F1 (2,22) = 5.55,
MSE = 40919, p = .011, ηp2 = .34; F2 (2,57) = 5.13, MSE = 58878, p = .005, ηp2 = .15. The post
hoc analysis yielded significantly shorter reaction times for triple cognates than double
cognates (p1 = .024, p2 = .003) and noncognates (p1 = .002, p2 = .05). Double cognates and
noncognates did not differ significantly (p1 > .25, p2 > .10).
The ANOVA on the accuracy data showed a significant effect of word type by
participant only, F1 (2,22) = 9.04, MSE = 80, p < .001, ηp2 = .45; F2 (2,57) = 1.55, p = .11. The
post hoc analysis showed significantly higher accuracy rates for triple cognates than double
cognates (p1 = .009, but p2 = .09) and noncognates (p1 = .028, but p2 > .20); noncognates
were named marginally significantly more accurately than double cognates (p1 = .06, but p2 >
.20). Figure 3.1 displays naming latencies and accuracy rates.
Naming in L3 German. In L3 naming, trials associated with voice-key failures (4.2% triple
cognates, 4.3% double cognates, and 1.2% noncognates), incorrect responses, and outliers
(0.4% triple cognates, 0.9% double cognates, and 0.7% noncognates) were excluded from the
RT analysis. Using the same cut-off points as in Experiment 3.1, the same 12 participants
included in the analysis of the L2 English naming task were included, and 42 of the 60
original items remained for the L3 German analysis.
The L3 naming latency analysis yielded a significant effect of word type, F1 (2,22) =
6.92, MSE = 93411, p = .003, ηp2 = .39; F2 (2,39) = 3.80, MSE = 212932, p = .016, ηp2 = .16.
The post hoc analysis yielded significantly faster naming latencies for triple cognates than
noncognates (p1 = .017, p2 = .04), and for double cognates than noncognates (p1 = .028, p2 =
.016). Triple cognates and double cognates did not differ significantly (both ps > .30).

64

CHAPTER 3
The L3 accuracy data also revealed a significant effect of word type, F1 (2,22) = 7.81,

MSE = 284, p = .002, ηp2 = .42; F2 (2,39) = 5.03, MSE = 555, p = .006, ηp2 = .21. The post hoc
analysis yielded significantly higher accuracy rates for triple cognates than noncognates (p1 =
.025, p2 = .06), and for double cognates than noncognates (p1 < .001, p2 = .005). Triple
cognates and double cognates did not differ significantly (p1 > .40, p2 = .07). Figure 3.2
displays naming latencies and accuracy rates.
The results from Experiment 3.2 yielded significantly shorter naming latencies and
higher accuracies for triple cognates than for double cognates and noncognates in L2 naming,
which is in line with the results from Experiment 3.1. In L3 naming, triple cognates and
double cognates were named faster and more accurately than noncognates. The results
obtained with L1 Dutch trilinguals, who had never been immersed in an L3 German
environment, indicate that L3 only exerted sufficient co-activation in L2 naming to facilitate
naming significantly when stimuli were cognates across all three languages. In L3 naming, the
participants’ performance showed a pattern in which both triple cognates and double
cognates lead to co-activation that resulted in significant cognate facilitation compared to
noncognates. Thus, triple cognates and double cognate had similar effects in L3 naming
whereas in L2 naming they differed. This pattern of results suggests that in L2 naming both
the stronger L1 and the weaker L3 are co-activated to speed up naming triple cognates
compared to noncognates, indicating that even the much less-developed L3 seems to exert
enough influence to have a significant effect during language production. In L3 naming,
however, triple cognates had no significantly stronger effect than did double cognates. A
possible explanation is that L1 and L2 have higher baseline activation than L3, which in these
participants had not yet reached the proficiency threshold to exert more influence in L3
language production. One could assume that this may also be linked to the fact that these
participants were not immersed in their L3, in contrast to the participants in Experiment 3.1.
To further explore effects of immersion in L3 on language co-activation, and to
examine to what extent cognate effects would emerge in bilinguals whose languages have
different scripts, we tested L3 immersed and different-script L1 Russian trilinguals in
Experiment 3.3.

Experiment 3.3: L3-immersed different-script trilinguals naming in L2 and L3
Method
Participants
Twenty-eight female Russian-English-German trilinguals, enrolled in the English
department at Goethe University, Frankfurt, Germany, volunteered to take part in the
experiment. Their ages ranged from 23.6 to 32.4 years (M = 26.5, SD = 2.2). All participants
had been born in Russian-speaking countries. They had had English instruction for 10.3 years
(SD = 1.9) and had lived in an English-speaking environment for an average of 0.2 years (SD
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= 0.4). They had had German instruction for 5.5 years (SD = 2.3), most of which after their
arrival in Germany, and had been living in Germany for a period of 6.5 years (SD = 3.2); the
mean age of arrival was 20.1 (SD = 3.9). The L1 Russian trilinguals rated themselves highly
proficient in speaking Russian, and equally proficient in both English and German, t(27) =
1.70, p > .10. Participants also completed the X_Lex in English and the lexical decision tasks
in L2 English and L3 German (see Table 3.1 for results). The participants’ lexical decision task
scores in English and German did not differ significantly, t(27) < 1.
Materials
The materials consisted of two sets of experimental stimuli: one for the L2 English and
one for the L3 German picture naming task.
For the picture-naming task, one-hundred-and-twelve black-on-white line drawings
of common objects were selected (Székely et al., 2004). The L2 English materials consisted of
18 cognates between L1 Russian, L2 English, and L3 German (triple cognates), 19 L1-L2 and
L2-L3 cognates (double cognates), and 19 noncognates. The L3 German picture naming
materials entailed 18 triple cognates, 18 L1-L3 and L2-L3 double cognates, and 18
noncognates (see stimuli list in Appendices 3.C and 3.D).
The three types of stimuli, in English and in German, were matched on frequency
(CELEX database, Baayen, Piepenbrock, & Van Rijn, 1993), word length, name agreement,
visual complexity (Székely et al., 2004), and imageability (Lahl, Goeritz, Pietrowsky, &
Rosenberg, 2009), all ps >.10. Table 3.2 presents the mean word characteristics for the stimuli
sets.
Apparatus and procedure
The apparatus and procedure used were the same as in Experiments 3.1 and 3.2, the
only difference being that in both language conditions, the three experimental blocks were
made up of two blocks of 19 stimuli and one block of 18 stimuli.
Results and discussion
The data were analyzed as in Experiments 3.1 and 3.2.
Naming in L2 English. Trials associated with voice-key failures (8.4% triple cognates, 8.0%
double cognates, and 7.1% noncognates), incorrect responses, and outliers (1.3% triple
cognates, 2.3% double cognates, and 3.2% noncognates) were excluded from the RT analysis.
Using the same cut-off points as in Experiments 3.1 and 3.2, none of the participants and
items had to be dropped from both L2 English and L3 German naming data analyses.
The naming latency data analysis revealed a significant effect of word type, F1 (2,54) =
14.84, MSE = 26228, p < .001, ηp2 = .36; F2 (2,53) = 3.10, MSE = 52996, p = .027, ηp2 = .11. The
post hoc analysis yielded significantly shorter reaction times for triple cognates than double
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cognates (p1 < .001, but p2 > .20) and noncognates (p1 < .001, p2 = .032), while double
cognates and noncognates did not differ significantly (p1 > .40, but p2 = .06).
The L2 English accuracy data analysis showed a significant effect of word type by
participants, F1 (2,54) = 31.27, MSE = 65, p < .001, ηp2 = .54, which was only marginally
significant by items, F2 (2,53) = 2.08, MSE = 480, p = .068, ηp2 = .07. The post hoc analysis
showed significantly higher accuracy for triple cognates than for double cognates (p1 < .001,
but p2 > .15) and noncognates, (p1 < .001, p2 = .06); this data pattern mirrors the RT analysis.
Double cognates and noncognates did not differ significantly (both ps > .40). Figure 3.1
displays naming latencies and accuracy rates.
Naming in L3 German. In L3 naming, trials associated with voice-key failures (15.1% triple
cognates, 10.4% double cognates, and 12.7% noncognates), incorrect responses, and outliers
(0.6% triple cognates, 2.1% double cognates, and 3.4% noncognates) were excluded from the
RT analysis.
The naming latency data revealed a significant effect of word type, F1 (2,54) = 17.78,
MSE = 13833, p < .001, ηp2 = .40; F2 (2,53) = 4.74, MSE = 24103, p = .007, ηp2 = .15. The post
hoc analysis yielded significantly shorter naming latencies for triple cognates than double
cognates (p1 < .001, p2 = .025) and noncognates (p1 < .001, p2 = .008), while double cognates
and noncognates did not differ significantly (p1 > .15, p2 > .40).
The L3 German accuracy data revealed a significant effect of word type, F1 (2,54) =
12.73, MSE = 59, p < .001, ηp2 = .32; F2 (2,53) = 2.58, MSE = 126, p = .043, ηp2 = .09. The post
hoc analysis yielded significantly higher accuracy rates for triple cognates than double
cognates (p1 < .001, p2 = .05) and noncognates (p1 < .001, p2 = .07), while double cognates
and noncognates did not differ significantly (both ps > .40). Figure 3.2 displays naming
latencies and accuracy rates.
The different-script L1 Russian trilinguals’ performance in L2 and L3 naming showed
significantly shorter naming latencies and higher accuracy rates for triple cognates than
double cognates and noncognates. These results indicate that in these participants, who at the
time of the experiment were immersed in the L3 German environment, there is crosslanguage activation of their L1 Russian, L2 English, and L3 German both in L2 naming and
L3 naming. This suggests an equally high baseline activation of L2 and L3, possibly mirroring
both the active usage of English and German as languages of instruction at university and the
active usage of German (along with Russian) in personal interactions inside and outside of
university. These participants have thus reached and overcome possible thresholds in their L2
and L3 to allow these languages to exert influence on the other languages and thus for crosslanguage activation to take place. Again, while cross-language activation in bilinguals from
their L1 on L2 or L3 has been shown in multilinguals with a wide variety of L2 and L3
proficiency levels, the L2 or L3 only exerts influence on the L1 if sufficient L2 and/or L3
proficiency has been reached (Costa et al., 2000; Poarch & Van Hell, 2012; Van Hell &
Dijkstra, 2002).
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Overall Analyses Experiments 3.1 to 3.3
To address the predictions made in the Introduction concerning the impact of
immersion and relative language proficiencies in L2 and L3 on the ease (and thus the speed)
of lexical access and cross-language activation, two additional analyses were conducted on the
overall naming latencies and on the cognate effect magnitudes.
First, the participant groups’ overall L2 and L3 picture naming latencies were
compared to assess whether immersion and language proficiency would modulate speed of
access to L2 and L3, speeding up naming for those immersed and/or those with higher
relative language proficiency in contrast to those participants non-immersed and less
proficient. To test this, the collapsed overall picture naming latencies in L2 (English) and in
L3 (Dutch, German, Russian) as an index of relative ease of lexical access, the accuracy scores
in the L2 and L3 lexical decision tasks and the self-ratings for L2 and L3 as measures for L2
and L3 proficiencies, length of L2 and L3 instruction, and length of L2 and L3 immersion
were correlated. L2 naming latencies correlated with none of these factors. L3 naming
latencies, in contrast, correlated with length of immersion in L3 (r = -.67, p < .001), with
length of instruction in L3 (r = -.24, p < .05), and with L3 self-rating scores (r = -.76, p < .001).
Subsequent multiple regression analyses were performed on the naming latencies in
L3, with length of immersion in L3, length of L3 instruction, and L3 self-rating scores as
predictors. The regression analysis showed that 44.5% of the variance in the L3 naming
latencies was accounted for by length of immersion in L3 and 16.6% by the L3 self-rating
scores (F(2,49) = 38.51, p < .001); adding length of L3 instruction did not significantly
increase the variance accounted for. This means the longer the participants had been
immersed in L3 (B = -26.65, β = -.26, p < .05) and the higher their self-rated L3 proficiency (B
= -309.69, β = -.58, p < .001) the faster they named pictures in L3.
Second, to assess which of the variables may have had a modulating effect on crosslanguage activation as indexed by the cognate effect magnitudes, the magnitudes of the
cognate facilitation effect in L2 picture naming (English) and L3 picture naming (Dutch,
German, Russian) and the same set of variables used above were correlated (see Table 3.3 for
cognate effect magnitudes in L2 and L3 naming). The correlation analyses showed no
significant correlations for the cognate effect magnitudes in L2 with any of the factors. In
contrast, In contrast, the triple cognate effect and the double cognate effect in L3 naming
correlated with length of immersion in L3 (r = -.32, p < .01 and r = -.33, p < .01, respectively)
and with L3 proficiency (r = -.43, p < .01 and r = -.34, p < .01, respectively).
Subsequent multiple regression analyses were performed on the triple cognate effect
and on the double cognate effect in L3 naming, with length of immersion in L3 and L3
proficiency as predictors. The regression analysis showed that 10.3% of the variance in the
triple cognate effect magnitude in L3 naming was accounted for by length of immersion in L3
and 8.2% by L3 proficiency (F(2,49) = 5.58, p < .01). This means the longer the participants
had been immersed in L3 (B = -28.10, β = -.32, p < .05) and the higher their L3 proficiency (B
= -184.87, β = -.41, p < .05), the smaller the triple cognate effect magnitude in L3 picture
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naming. The regression analysis for the double cognate effect magnitude showed that 11.1%
of the variance was accounted for by length of immersion in L3 (F(1,50) = 6.23, p < .05) and
11.9% by L3 proficiency (F(1,50) = 6.73, p < .05). This means the longer the participants had
been immersed in L3 (B = -29.42, β = -.33, p < .05), and the higher their L3 proficiency (B = 158.91, β = -.34, p < .05), the smaller their double cognate effect magnitude in L3 picture
naming.
The results from these analyses indicate that both length of immersion and selfassessed proficiency are the best predictors for speed of lexical access and retrieval in L3
naming and for the cognate effect magnitudes in L3 naming. Particularly the magnitudes of
both the triple cognate facilitation effect and the double cognate facilitation effect were
significantly modulated by length of immersion in the L3 and self-assessed L3 proficiency. It
seems thus that immersion in L3 exerts influence in L3 naming across the three groups of
participants that differs from the influence it exerts in L2 naming.

General Discussion
The present study provides a unique contribution to the literature in that it examines
three groups of trilinguals who differed in relative language proficiency and immersion
experience. The goal of this study was to study triple and double cognate effects in these three
groups of trilinguals and to shed light on whether during language production cross-language
activation is modulated by relative language proficiency and immersion experience in adult
trilinguals who had sustained and substantial input in three languages. The findings indicate
that in trilinguals immersion experience and relative proficiency potentially affect crosslanguage activation of nontarget languages during L2 and L3 picture naming. The results are
in line with earlier findings of cognate facilitation in bilinguals by Costa et al. (2000),
Hoshino and Kroll (2008), and Poarch and Van Hell (2012), now extended to same- and
different-script trilinguals in various L3-immersion settings.
In line with earlier research on word recognition in trilinguals (cf. Lemhöfer, Dijkstra,
& Michel, 2004; Van Hell & Dijkstra, 2002), the results obtained in this study show crosslanguage activation of three languages during picture naming. As in the Lemhöfer et al. study,
but extended to language production, the cognate facilitation effect in the present study
accumulated over languages in that cognates across three languages yielded more facilitation
than cognates across only two languages in both same- and different-script trilinguals. This
was found consistently, however not always significantly, for all groups of trilinguals during
L2 naming. Such an effect can only be accounted for by assuming that all three languages,
irrespective of script, were involved during the process of retrieval and production.
The same-script German-English-Dutch trilinguals in Experiment 3.1 showed an L2
naming performance pattern in which triple cognates were processed significantly faster than
double cognates and noncognates. In L3 naming, in contrast, triple cognates were processed
significantly faster than noncognates only, which we tentatively interpret as L2 English
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exerting less influence in these speakers than L3 Dutch, the language in which they were
immersed. This view is supported by the accuracy data in which there is a similar pattern
with significant facilitation for double cognates over noncognates. Overall, the participants’
performance could be assumed to reflect the amount of exposure more so than relative
language proficiencies. In Experiment 3.2, the same-script Dutch-English-German trilinguals
displayed an L2 naming performance pattern in which facilitation became evident with triple
cognates only, while in L3 naming, the triple cognates and double cognates facilitated naming
significantly. This pattern might be a reflection of lack of exposure to L3 German and
relatively higher L2 English proficiency. In Experiment 3.3, the Russian-English-German
trilinguals showed similar naming performances in L2 and L3 both in terms of latencies and
accuracy rates, which parallels their relatively balanced language proficiencies in L2 English
and L3 German as well as regular language exposure to both languages. In these speakers, in
L2 and L3 naming, facilitation became evident when all three languages were involved.
How can the observed cognate facilitation effects be explained? The language coactivation view explains the cognate facilitation effect by postulating that cognate words
receive higher activation from all languages involved, whereas noncognates only receive
activation from their dominant language. Phonological and, to a lesser extent, orthographic
overlap would then be at the base of the cognate facilitation effect results found. If both the
target and the non-target languages are co-activated during word access, then the triple
activation of identical or near-identical phonology and orthography would be sufficient to
cause facilitation in naming such stimuli. Moreover, in bilingual speakers the links between
the semantic system and the lexical nodes are stronger in the dominant language compared to
the nondominant language (cf. Kroll & Stewart, 1994). As a consequence, when bilinguals
retrieve cognates during picture naming in the nondominant language, strong activation of
translation equivalents in the dominant language spread to the phonological level, which in
turn facilitate the retrieval of the phonological segments in the nondominant language. In
other words, if one assumes that during word retrieval one conceptual representation is
activated, and that pictures (denoting concrete words) have a large overlap in meaning in the
languages of bilinguals and trilinguals (e.g., Van Hell & De Groot, 1998; Laxén & Lavaur,
2009), then the activation of a cognate’s semantic representation should be stronger given
that this activation has at its base not only one but two or possibly three language sources that
provide phonological, orthographic, and semantic overlap.
Alternatively, in a cumulative frequency view (e g., Strijkers, Costa, & Thierry, 2010),
the cognate effect could simply be a word frequency effect that accumulates over time in
multilinguals, given the repeated activation of a cognate’s overlapping features irrespective of
in which language the word is accessed. Noncognates, which have no phonological and
orthographic overlap, would conversely be rendered lower frequency words, while cognates
would effectively be higher frequency words. This could then be at the base of the cognate
facilitation effect being strongest for triple cognates than double cognates and noncognates.
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Finally, a learning-based explanation could also be drawn on to explain the cognate
facilitation effect. In this view, pre-existing L1 memory representations are utilized during the
learning of L2 and L3 words (e.g., De Groot & Keijzer, 2000). Because the orthography and
phonology of L2 and L3 cognates are more similar to their L1 translations than those of
noncognates, learners are more inclined to directly map novel L2 and L3 cognates onto the
existing L1 lexical-semantic representations during learning. This results in higher crosslanguage overlap of orthographic, phonological, and semantic codes for cognates than for
noncognates. The facilitation effects of double and triple cognates during lexical retrieval in
picture naming should therefore reflect how extensively these cognates were mapped to the
L1 lexical-semantic representations during learning and how strongly they are co-activated
for production purposes. One would then expect triple cognates to possibly receive more coactivation than double cognates only if the triple cognate mapping was more extensive than
double cognate mapping (see De Groot & Van Hell, 2005, for the integration of newly learned
foreign language words). For non-immersed trilinguals, the fully overlapping integration of
triple cognates may be less likely, which is a possible explanation for the participants’ L3
naming performance in Experiment 3.2, in which the facilitation of triple cognates and
double cognates over noncognates did not differ significantly.
Irrespective of which specific account is more fitting, the pattern of the cognate effect
obtained in this study indicates parallel co-activation of all the languages involved. We have
shown that when trilinguals named pictures in one of their non-dominant languages not only
the dominant language exerts an influence on the non-dominant languages, but also the
second non-dominant language. Thus, the cognate facilitation found in bilingual picture
naming (Costa et al., 2000; Hoshino & Kroll, 2008; Poarch & Van Hell, 2012) can be extended
to trilingual picture naming. In trilinguals, not only the L1 exerts influence on L2 and L3, but,
critically, the non-dominant languages learned later in life also exert influence on one
another, as has been shown for syntax, lexicon, and phonology by, for example, De Angelis
(2007), De Angelis and Dewaele (2011), and Jarvis and Pavlenko (2008). One could then also
assume that both L2 and L3 should also exert influence on L1, which was borne out in the
study by Van Hell and Dijkstra (2002) in recognition tasks in relatively proficient trilinguals
and, more recently, in a picture naming study with bilingual and trilingual children (Poarch
& Van Hell, 2012).
Furthermore, the results obtained in the present study are in line with those in the
picture naming study by Hoshino and Kroll (2008), who observed cognate facilitation for
both different-script Japanese-English and same-script Spanish-English bilinguals, suggesting
language co-activation of phonology even in different-script bilinguals, which is in line with
the Russian-English-German trilinguals tested in Experiment 3.3.
To conclude, the results of the present experiments provide evidence for trilingual
language activation irrespective of whether all three languages share the same script or
whether one of the languages, in this case the L1, is of a different-script. Furthermore, crosslanguage activation in trilinguals is modulated by their time spent immersed in the
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nondominant languages and their usage frequencies, and their nondominant languages’
proficiencies. The activation levels of the nondominant language(s) need to be sufficiently
developed to allow for any cross-language activation that results in a cognate facilitation
effect when naming in one of the nondominant languages.
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Appendix 3.A

List of L2 stimuli used in Experiments 3.1 and 3.2.
English (L2)

German (L1 / L3)

Dutch (L1 / L3)

Triple cognates

Noncognates

apple

Apfel

appel

ant

Ameise

mier

baby

Baby

baby

bucket

Eimer

emmer

bench

Bank

bank

butterfly

Schmetterling vlinder

bus

Bus

bus

closet

Schrank

kast

camel

Kamel

kameel

cloud

Wolke

wolk

cat

Katze

kat

coin

Muenze

munt

cow

Kuh

koe

donkey

Esel

ezel

crab

Krebs

krab

duck

Ente

eend

dinosaurus

egg

Ei

ei

dinosaur

Dinosaurier

dolphin

Delphin

dolfijn

flower

Blume

bloem

door

Tuer

deur

glasses

Brille

bril

dragon

Drachen

draak

leaf

Blatt

blad

king

König

koning

lemon

Zitrone

citroen

lamp

Lampe

lamp

pencil

Bleistift

potlood

palm tree

Palme

palm

pig

Schwein

varken

penguin

Pinguin

pinguin

pool

Schmimmbad zwembad

pirate

Pirat

piraat

present

Geschenk

cadeau

ring

Ring

ring

roof

Dach

dak

tiger

Tiger

tijger

seal

Seehund

zeehond

shark

Hai

haai

Double cognates (with German)
cap

Kappe

pet

shower

Dusche

douche

carrot

Karotte

wortel

square

Viereck

vierkant

orange

Orange

sinaasappel

strawberry

Erdbeere

aardbei

safe

Safe

kluis

teacher

Lehrer

leraar

towel

Handtuch

handdoek
trein
vrachtwage
n

Double cognates (with Dutch)
bell

Klingel

bel

train

Zug

cake

Kuchen

cake

truck

Laster

clock

Uhr

klok

envelope

Umschlag

envelop

fork

Gabel

vork

tennis racket

Tennisschläger

tennisracket

tent

Zelt

tent

toe

Zeh

teen
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Appendix 3.B
List of L3 stimuli used in Experiments 3.1 and 3.2.
German (L3)

English (L2)

Dutch (L1)

Triple cognates
Anker
Balkon
Ball
Clown
Finger
Fisch
Herz
Kerze
Kreuz
Krone
Loewe
Nagel
Paket
Sonne
Telefon
Tisch
Traktor
Tuer

anchor
balcony
ball
clown
finger
fish
heart
candle
cross
crwon
lion
nail
package
sun
telephone
table
tractor
door

anker
balkon
bal
clown
vinger
vis
hart
kaars
kruis
kroon
leeuw
nagel
paket
zon
telefoon
tafel
traktor
deur

tree
bottle
frog
garden
ghost
dog
cage
camera
chain
queen
horse
snake
key
bag
toilet
stairs
bord

boom
fles
kikker
tuin
spook
hond
kooi
phototoestel
ketting
koningin
paard
slang
sleutel
tas
toilet
trap
vogel

elevator
board
stamp
attic
bicycle
window
painting
shop
pants
chicken
rabbit
map

lift
plank
postzegel
zolder
fiets
raam
schilderij
winkel
broek
kip
konijn
plattegrond

Double cognates
Baum
Flasche
Frosch
Garten
Geist
Hund
Kaefig
Kamera
Kette
Koenigin
Pferd
Schlange
Schluessel
Tasche
Toilette
Treppe
Vogel
Noncognates
Aufzug
Brett
Briefmarke
Dachboden
Fahrrad
Fenster
Gemaelde
Geschaeft
Hose
Huhn
Kaninchen
Karte

Dutch (L3)
Triple cognates
banaan
boek
clown
hart
kaars
kaas
kam
krokodil
kroon
kruis
ladder
leeuw
nagel
raket
schoen
tafel
telefoon
vinger
voet
Double cognates
ananas
boom
bot
fles
kasteel
ketting
koningin
paard
peer
pen
piano
pincet
pompoen
trap
vliegtuig
vogel
Noncognates
bureau
fiets
horloge
jurk
kikker
kip
konijn
krant
laars
lift
litteken
ouders

English (L2)

German (L1)

banana
book
clown
heart
candle
cheese
comb
crocodile
crwon
cross
ladder
lion
nail
rocket
shoe
table
telephone
finger
foot

Banane
Buch
Clown
Herz
Kerze
Käse
Kamm
Krokodil
Krone
Kreuz
Leiter
Loewe
Nagel
Rakete
Schuh
Tisch
Telefon
Finger
Fuss

pineapple
tree
bone
bottel
castle
chain
queen
horse
pear
pen
piano
tweezers
pumpkin
stairs
airplane
bird

Ananas
Baum
Knochen
Flasche
Burg
Kette
Koenigin
Pferd
Birne
Kugelschreiber
Klavier
Pinzette
Kuerbis
Treppe
Flugzeug
Vogel

desk
bicycle
watch
dress
frog
chicken
rabbit
newspaper
boot
elevator
scar
parents

Schreibtisch
Fahrrad
Uhr
Keid
Frosch
Huhn
Kaninchen
Zeitung
Stiefel
Aufzug
Narbe
Eltern
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German (L3)
Noncognates
Kiste
Kleid
Korb
Krawatte
Narbe
Pfeife
Pilz
Stiefel
Strasse
Teller
Tuete
Uhr
Zaun

English (L2)
box
dress
basket
tie
scar
pipe
mushroom
boot
street
plate
bag
watch
fence

Dutch (L1)
doos
jurk
mand
stropdas
litteken
pijp
paddestoel
laars
straat
bord
zak
horloge
hek

Dutch (L3)

English (L2)

German (L1)

Noncognates
paddestoel
plank
plattegrond
postzegel
raam
rekenmachine
riem
schilderij
staart
vuilnisbak
winkel
tas

mushroom
board
map
stamp
window
calculator
belt
painting
tail
trashcan
shop
bag

Pilz
Brett
Karte
Briefmarke
Fenster
Taschenrechne
r
Guertel
Gemaelde
Schanz
Muelleimer
Geschaeft
Tuete

Appendix 3.C
List of L2 stimuli used in Experiment 3.3.
English (L2)
Triple cognates
banana
cat
cow
cross
dinosaur
dragon
flag
gorilla
kangaroo
lion
nail
penguin
pirate
puzzle
rainbow
rocket
sun
toilet
Double cognates
apple
baby
balloon
bear
boat
bottle
butterfly

German (L3)

Russian (L1)

Russian (L1) Cyrillic

[Banane]
[Katze]
[Kuh]
[Kreuz]
[Dinosaurier]
[Drache]
[Flagge]
[Gorilla]
[Känguru]
[Löwe]
[Nagel]
[Pinguin]
[Pirat]
[Puzzle]
[Regenbogen]
[Rakete]
[Sonne]
[Toilette]

[ba’nan]
[kot]/[‘koschka]
[karowa]
[krest]
[dina’s/zawr]
[dra’kon]
[flag]
[ga'rila]
[kengu’ru]
[lev]
['nogot]
[pin’gvin]
[pi’rat]
[pazl]
['raduga]
[ra’keta]
[`sontse]
[tua’let]

банан
кот/кошка
корова
крест
динозавр
дракон
флаг
горилла
кенгуру
лев
ноготь
пингвин
пират
пазл
радуга
[ra’keta]
солнце
туалет

[Apfel]
[Baby]
[Ballon]
[Bär]
[Boot]
[Flasche]
[Schmetterling]

[‘jablako]
[mla'denets]
[vaz'dushnyj schar]
[med'ved]
['lotka]
[bu’tylka]
['babatschka]

яблоко
младенец
воздушный шар
медведь
лодка
бутылка
бабочка
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English (L2)
Double cognates
camel
camera
carrot
ghost
pan
parachute
piano
priest
racket
sweater
tank
tent
Noncognates
airplane
bell
belt
bicycle
bucket
cloud
fence
goat
parrot
pear
pen
pencil
present
pumpkin
rabbit
strawberry
truck
turtle
witch

German (L3)

Russian (L1)

Russian (L1) Cyrillic

[Kamel]
[Kamera]
[Karotte]
[Geist]
[Pfanne]
[Fallschirm]
[Klavier]
[Priester]
[Schläger]
[Pullover]
[Panzer]
[Zelt]

[wer'bljud]
[fotoappa'rat]
[mar'kofka]
[privi'denie]
[skawa'rotka]
[para'schut]
[pia'nino]
[swe'schennik]
[ra'ketka]
[‘switär]
[tank]
[pa'latka]

верблюд
фотоаппарат
морковка
привидение
сковородка
парашют
пианино
священник
ракетка
свитер
танк
палатка

[Flugzeug]
[Klingel]
[Gürtel]
[Fahrrad]
[Eimer]
[Wolke]
[Zaun]
[Ziege]
[Papagei]
[Birne]
[Kugelschreiber]
[Bleistift]
[Geschenk]
[Kürbis]
[Kaninchen]
[Erdbeere]
[Laster]
[Schildkröte]+
[Hexe]

[sama'löt]
[zwanok]
[re'men]
[velasi'ped]
[ved'ro]
['oblako]
[za'bor]
[ka'za]
[papu'gaj]
['gruscha]
['rutschka]
[karan'dasch]
[pa'darok]
['tykwa]
['krolik]
[klub'nika]
[gruza'wik]
[tchere'paha]
['wedma]

самолёт
звонок
ремень
велосипед
ведро
облако
забор
коза
попугай
груша
ручка
карандаш
подарок
тыква
кролик
клубника
грузовик
черепаха
ведьма

Appendix 3.D
List of L3 stimuli used in Experiment 3.3.
German (L3)

English (L2)

Russian (L1)

Russian (L1) Cyrillic

Triple cognates
Balkon
Bombe
Clown
Delphin
Gitarre
Kaktus
Krone
Maske
Maus
Palme
Papagei

[balcony]
[bomb]
[clown]
[dolphin]
[guitar]
[cactus]
[crown]
[mask]
[mouse]
[palm]
[parrot]

[bal’kon]
[‘bomba]
[‘kloun]
[del’fin]
[gi’tara]
[‘kaktus]
[ka’rona]
[‘maska]
[mysch]
[‘palma]
[papu'gaj]

балкон
бомба
клоун
дельфин
гитара
кактус
корона
маска
мышь
пальма
попугай
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German (L3)
Triple cognates
Rose
Telefon
Tiger
Traktor
Vulkan
Zebra
Double cognates
Anker
Ball
Bank
Bus
Daumen
Dusche
Esel
Kamm
Karte
Kartoffel
Kerze
König
Leiter
Ritter
Schwein
Strauß
Teller
Tisch
Tür
Windmühle
Noncognates
Baum
Dach
Ente
Fenster
Fledermaus
Gabel
Kissen
Knochen
Knopf
Korb
Pferd
Pilz
Pinsel
Schildkröte
Schmetterling
Tasse
Tüte
Zug

English (L2)

Russian (L1)

Russian (L1) Cyrillic

[rose]
[telephone]
[tiger]
[tractor]
[volcano]
[zebra]

[`roza]
[tele’fon]
[tigr]
[‘traktor]
[vul’kan]
[zebra]

роза
телефон
тигр
трактор
вулкан
зебра

[anchor]
[ball]
[bench]
[bus]
[thumb]
[shower]
[donkey]
[comb]
[map]
[potato]
[candle]
[king]
[ladder]
[knight]
[pig]
[ostrich]
[plate]
[table]
[door]
[windmill]

['jakor]
[mjatsch]
[ska'mejka]
[af'tobus]
[bal'shoj 'palets]
[dusch]
[a’söl]
[ras'tschöska]
[‘karta]
[kar'toschka]
[swe'tscha]
[ka'rol]
['lesnitsa]
[‘rytsar]
[svin'ja]
[‘straus]
[ta'relka]
[stol]
[dver]
['melnitsa]

якорь
мяч
скамейка
автобус
большой палец
душ
осёл
расчёска
карта
картошка
свеча
король
лестница
рыцарь
свинья
страус
тарелка
стол
дверь
мельница

[tree]
[roof]
[duck]
[window]
[bat]
[fork]
[pillow]
[bone]
[button]
[basket]
[horse]
[mushroom]
[brush]
[turtle]
[butterfly]
[cup]
[bag]
[train]

['derewo]
['kryscha]
['utka]
[ak'no]
[letutschaja mysch]
['wilka]
[pa'duschka]
[kost]
['pugavitsa]
[kar'zina]
['loschad]
[grib]
['kistotchka]
[tschere'paha]
['babatschka]
['tschaschka]
[pa'ket]
['poezd]

дерево
крыша
утка
окно
летучая мышь
вилка
подушка
кость
пуговица
корзина
лошадь
гриб
кисточка
черепаха
бабочка
чашка
пакет
поезд
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ABSTRACT
In this study, we tested the predictions of the Revised Hierarchical Model (RHM, Kroll &
Stewart, 1994) to examine how child learners map novel words to concepts during early
stages of L2 learning. Fifth grade Dutch beginning L2 learners of English with 8 months of
English instruction performed a translation recognition task followed by translation
production in both directions. The translation recognition task included word pairs that were
incorrect translations but semantically related. The children were already sensitive to L2 word
meaning as their translation recognition performance revealed longer response times and
lower accuracy for semantically related than unrelated word pairs. In translation production,
the children were faster in backward (L2 to L1) than forward direction (L1 to L2) as predicted
by the RHM. Critically, these children had learned L2 words in contexts enriched by pictures,
real-life problems, and listening and speaking exercises. The results demonstrate that,
depending on the task, Dutch beginning L2 learners exploit conceptual information during
L2 processing and map L2 word forms to concepts. This study also contributes to
accumulating evidence that manner of L2 instruction may majorly impact the activation of
lexical and conceptual information during translation.

*

A slightly modified version of this chapter has been submitted for publication as: Poarch, G. J., Van

Hell, J. G., & Kroll, J. F. Accessing word meaning in beginning second language learners: Lexical or
conceptual mediation?
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Introduction

In the Netherlands, as in most countries of the world, children are taught a foreign
language through classroom instruction at school. One focus in such instruction is to
continuously enhance the students’ vocabulary, a feat that second language (L2) learners
master with varying speed and success. One much addressed issue in research on second
language learning has been how learners integrate novel words in the L2 into their mental
lexicon and particularly whether lexical access to these words follows a route via the first
language, L1 (Kroll & Stewart, 1994; Talamas, Kroll, Dufour, 1999) or whether the conceptual
system can be directly accessed (Altarriba & Mathis, 1997; Finkbeiner & Nicol, 2003).
How then are associative links laid between the first and second language in speakers
learning a second language and how is meaning linked to words in a second language?
Previous work in this research domain has focused mainly on adult L2 learners and bilinguals
(for recent reviews and debate see Brysbaert & Duyck, 2010, Kroll, Van Hell, Tokowicz, &
Green, 2010, and Van Hell & Kroll, 2013). The present study examined children in the early
stages of L2 learning. More specifically, we studied L2 word form to concept mappings in
child classroom L2 learners in two paradigms previously used in research with adult L2
learners and bilinguals: translation recognition (Experiment 4.1) and translation production
(Experiment 4.2).
In a study by Potter, So, Von Eckhardt, and Feldman (1984), two models were
proposed to describe how L2 words are linked to L1 words and concepts. The “word
association hypothesis” posits a direct association between words in the L2 and the L1.
According to the word association model, a speaker names pictures in L2 by first activating
the L1 name of the concept and only then can the L2 name be retrieved. To translate from L2
to L1, the association between the L2 word and its translation equivalent can be accessed
directly. The word association model predicts that translation should therefore be faster than
picture naming because picture naming requires conceptual access to initiate speech planning
whereas translation does not. In contrast, the concept mediation model hypothesizes that
words in each language are able to access concepts directly. The concept mediation model
predicts no difference between translation and picture naming because in each language the
concept is hypothesized to be retrieved before its name. Potter et al. found no significant
difference in the time for to translate and name picture in L2, supporting the predictions of
the concept mediation model. A surprising result was that the same pattern was found for
highly proficient L2 speakers and for less proficient L2 learners, suggesting that even at early
stages of L2 learning it is possible to access meanings for L2 words. Subsequent studies (e.g.,
Kroll & Curley, 1988) challenged this conclusion by showing that adult learners with less than
two years of L2 instruction were indeed faster to translate than to name pictures in L2,
supporting the predictions of the word association model. Together, these early studies
suggested that, for adults, there was a developmental trajectory with initial reliance on the
translation equivalent to mediate access to meaning for L2 words and the ability to directly
access concepts for L2 words available only once learners become more skilled.
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Combining these two models of word-to-concept mapping, Kroll and Stewart (1994)
proposed the Revised Hierarchical Model (RHM) to account for the developmental changes
evident during the early stages of L2 acquisition (see Figure 4.1). The RHM proposed that
initially during L2 processing the L1 translation equivalent is exploited to mediate access to
meaning, whereas at later stages of L2 development direct conceptual access from the L2
word form becomes possible (for reviews, see, e.g., Kroll & Tokowicz, 2005, Kroll et al., 2010).

lexical links

L1

L2

conceptual
links

conceptual
links

concept

Figure 4.1 The Revised Hierarchical Model (RHM; adapted from Kroll & Stewart, 1994). Full
lines represent stronger connections while dotted lines represent weaker connections.

Two tasks commonly used to test the predictions by the RHM are the translation
recognition and translation production tasks. To explore the developmental changes in L2
word-to-concept mappings, Talamas et al. (1999) compared beginning and more advanced
L2 learners on a translation recognition task. Two words were presented to the learners, who
had to decide whether the second word was the first word’s translation or not. The critical
stimuli were incorrect translation pairs of which the second word was either related to the
correct translation in lexical form (e.g., GARLIC-OJO ´eye´, instead of GARLIC-AJO as in
the correct translation), or in meaning (GARLIC-CEBOLLA ´onion´). The results showed
that beginning L2 learners were influenced more by word form and less by its meaning. The
more advanced L2 learners, however, demonstrated a larger semantic interference effect,
suggesting that they were more sensitive to a word’s meaning. This pattern was taken as
support for the RHM in that beginning L2 learners used the lexical mediation route in
contrast to advanced L2 learners who used the conceptual mediation route, making the form
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of words irrelevant and rendering no influence on the translation task. Ferré, Sánchez-Casas,
and Guasch (2006) used orthographically related and semantically related conditions in a
translation-recognition task with early and late L2 learners of low and high proficiencies. The
highly proficient speakers were above all influenced by closely semantically related stimuli,
while the low-proficient speakers were more sensitive to orthographically-related stimuli.
These results, again, were in line with the RHM. Recent ERP evidence by Guo, Misra, Tam,
and Kroll (2012), however, indicates that even relatively proficient bilinguals show patterns of
activation in some contexts indicative of both lexical and conceptual mediation (see also
review by Van Hell & Kroll, 2013).
The predictions made by the RHM have not always been borne out in past research.
Altarriba and Mathis (1997) were interested in whether beginning L2 learners chiefly used the
lexical link during translation without directly activating the concept. For this purpose,
English learners of Spanish were taught a number of Spanish words, and were then tested in
two translation-recognition tasks. Their performance was compared to that of proficient
English-Spanish bilinguals. Spanish-English word pairs were shown of which some were
incorrect translations. In these pairs the second word was orthographically similar to the
correct translation equivalent (Experiment 1a) or where the second word was semantically
related to the correct translation equivalent (Experiment 1b). Both groups of participants
showed longer reaction times for incorrect word pairs than for unrelated stimuli, indicating
lexical interference. A semantic interference effect was also found for both groups of
participants, albeit more strongly in the fluent L2 speakers. Critically, the beginning L2
learners also activated semantic information when translating from L2 to L1, even though
they had followed only one training session. These results were interpreted as evidence
against the RHM, although Talamas and colleagues (1999) pointed out that the performance
by the low-proficient group may have been influenced by a priming effect through the initial
word learning. Sunderman and Kroll (2006) later obtained similar semantic interference
effects for both less and more proficient groups of speakers in a translation recognition task,
results suggest that the L2 word-to-concept link may be available for L2 learners at an earlier
point in their L2 acquisition than previously assumed (and see Dufour & Kroll, 1995, for
similar evidence from a semantic categorization task).
Another task that has been used to explore the lexical and conceptual connections
between a bilingual’s two languages and the conceptual store is translation production.
Depending on which direction the translation is performed, forward (L1 to L2) or backward
(L2 to L1), the RHM makes different predictions depending on relative proficiency in the L2.
While forward translation (L1 to L2) is thought to generally proceed via the conceptual store,
backward translation (L2 to L1) is assumed to proceed via the direct lexical link to L1 in lowproficient L2 speakers and via the concept in high-proficient L2 speakers. Particularly the
assumed strong lexical link between L2 and L1 in low-proficient L2 speakers, and the strong
conceptual link between L1 word form and concept should lead to an asymmetry between the
time required to translate from L2 to L1 and that from L1 to L2. This asymmetry between
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translating from L1 to L2 and vice versa was found in Dutch-English bilinguals by Kroll and
Stewart (1994). These bilinguals, it was reasoned, accessed the meaning of L2 words indirectly
via the lexical link from L2 to L1, as this was assumed to be much stronger that the L2
conceptual link. The authors assumed that more proficient L2 speakers, in contrast, would
have a decreased need to rely on the L1 translation for L2 processing, as such speakers
inadvertently strengthened the L2 conceptual link by becoming more fluent in the L2 (see
Fig. 1). In time, the more proficient the speaker became, a gradual shift from lexical to
conceptual mediation would take place and the magnitude of the asymmetry should also
decrease.
These predictions were borne out in the study by Kroll, Michael, Tokowicz, and
Dufour (2002) in which translation and picture naming tasks were performed by beginning
and proficient L2 learners. In accordance with the RHM, translation from L2 to L1 was faster
in both groups than vice versa, and the asymmetry between lexical and conceptual mediation
was larger for the beginning L2 learners than the fluent L2 speakers.
However, De Groot, Dannenburg, and Van Hell (1994), in a study systematically
controlling for word frequency, imageability, and concreteness, found conceptual mediation
during both backward and forward translation in unbalanced but relatively proficient DutchEnglish bilinguals, with semantic variables having a slightly higher impact on forward than
backward translation. These findings led the authors to propose a weaker version of the
asymmetry model by Kroll and Stewart (1994). Furthermore, in a study by La Heij,
Hooglander, Kerling, and Van der Velden (1996) using, amongst others, forward and
backward translation combined with a picture-word interference component, concept
mediation was found for both translation directions. The authors argued that this was due to
word retrieval in forward translation being relatively more difficult than activating the
concept in backward translation, which does not necessarily speak against the RHM, but
offers an alternative interpretation of the findings. Also, La Heij and colleagues comment on
the varying nature of stimuli materials (and their relative familiarity for participants) in
earlier studies and those used in theirs as the possible underlying reason for partially nonconverging results. Finally, in a recent review, Kroll et al. (2010) point out that task contexts
and properties of task items may involve differential processing loads for participants. This in
turn may have a variable impact on L2 language processing particularly when this is of a
challenging nature, resulting, for example, in translation asymmetries (i.e., shorter backward
than forward translation times) even in highly proficient bilinguals (Van Hell & De Groot,
1998).
As mentioned above, so far, the reported studies all focused on adults. Children, in
contrast, represent a group of individuals who are still in the process of developing their first
language and L1 word-to-concept mappings – thus the relative strength of these connections
may be differently balanced and a new language may have a different impact on their
mappings (for a study on cross-language activation in child second language learners,
bilingual, and trilingual children, see Poarch & Van Hell, 2012). In addition, children may a
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priori be more sensitive to meaning than adults, which could impact their L2 word-toconcept mappings differently as well. For example, Cheng and Leung (1989) found that child
beginning L2 learners performed differently to adult beginning L2 learners when L2 picture
naming and translation were compared. While the adult L2 learners were faster at translating
than picture naming, the child L2 learners named pictures faster than they translated. The
authors attributed this finding to differential L2 learning routes in children (who use pictures
more) in contrast to adults (who use words more). More recently, Comesaña, Perea, Piñeiro,
and Fraga (2009), had bilingual Spanish-Basque children perform a translation-recognition
task, and manipulated the semantic relationship of stimuli to the correct translation
(Experiment 1). The children made more errors and were slower in the semantically related
condition. In Experiment 2, monolingual Spanish children performed the same translationrecognition task after being taught Basque words. Critically, half the children learned the
Basque words through L2-L1 translation pairs, assumed to develop the L2-to-L1 lexical link,
while the other half learned the L2 words via pictures, assumed to develop the L2-to-concept
link. Only the novice L2 learners who had learned the L2 words via pictures showed a
significant semantic-interference effect (similar to the fluent bilingual children in Experiment
1), based on which Comesaña and colleagues concluded that beginning L2 learners can
activate concepts directly, but that this depended on the word learning method.
It thus seems that particularly the developmental aspect of the RHM could be
explored in more detail by focusing on child L2 learners. The present study is the first to our
knowledge that employs a combination of two experimental paradigms, translation
recognition and translation production, relevant to tapping into word-to-concept mappings
in children who are in the early stages of learning a second language. Given the mixed results,
particularly in studies using the translation recognition task, the theoretical rationale for
combining translation recognition and translation production in the present study was to
explore whether or not beginning learners’ performances would be similar in these two tasks,
which in turn could offer valuable insights into evidence of early word-to-concept mapping
as elicited by differing tasks.
The present study
The present study aims to explore language organization in children who are
beginning L2 learners in the early stages of L2 instruction. We focused on a group of primary
school children aged 10-11 who had received English as a second language lessons for around
8 months. First, a translation-recognition task was administered, in which L2 English words
were shown followed either by correct, incorrect, or incorrect but semantically related L1
Dutch word equivalents (Experiment 4.1). Second, the participants performed a forward (L1
to L2) and backward (L2 to L1) translation task (Experiment 4.2).
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Predictions
The predictions for the translation recognition task (Experiment 4.1) were that, if
beginning L2 learners are already able to exploit concept mediation, which means there is
activation of a link between the L2 word form and its concept, the children would show a
semantic-interference effect for the semantically related stimuli. This would cause longer
reaction times and lower accuracies in semantically related foils compared to incorrect but
unrelated stimuli.
In the forward and backward translation tasks (Experiment 4.2), the RHM predicts an
asymmetry in speed and accuracy for beginning L2 learners, with backward (L2 into L1)
being faster and more accurate than forward (L1 into L2) translation. According to the RHM,
during backward translation, speakers rely more on lexical mediation while during forward
translation they rely more on concept mediation. Furthermore, children should make more
errors in the L2 to L1 direction, given that they will likely bypass activating the concept and
directly access their richer L1 lexicon via the lexical link, which in turn offers them a greater
pool from which to simply guess the translation. In contrast, the children are hypothesized to
show more omissions from L1 to L2, as first they will activate the concept and then will
subsequently have to use the conceptual link to access the L2 word, a link that is assumed to
be weaker in the first place. Since they also have fewer words in the L2 lexicon to choose
from, this should lead to more omissions. In other words, errors and omission should differ
according to differential sizes of the lexicon (cf., Van Hell & De Groot, 2008).

Experiment 4.1: L2-L1 translation recognition
Method
Participants
The group consisted of 60 5th grade children (28 girls and 32 boys, mean age = 10.6,
SD = 0.5), who had had 1 hour of weekly English lessons for approximately 8 months, using
the ‘Real English – Hello World’ method (Van der Voort & Mol, 1998). None of the children
were dyslexic or spoke any other language than Dutch at home.
The children were also asked whether and how frequently they played Englishlanguage computer games, watched English-language television programs, and read Englishlanguage books or comics. They indicated this on 5-point scales (ranging from 1 = never to 5
= daily), the scores of which were used to assess the extent of exposure to English outside
school lessons. The results are reported in Table 4.1.
In order to measure L2 proficiency, the children performed an L2 English picturenaming task. For this task, 80 black-on-white line drawings of common objects were chosen
(Székely, Jacobsen, D'Amico et al., 2004; see Appendix 4.B). The children were asked to name
the objects displayed on the screen as quickly and as accurately as possible in English. Each
experimental trial began with a fixation cross being displayed for 1000 ms followed by a
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picture presented for 5000 ms or until the participant responded. Trial lists were created in a
pseudo-random order with the restriction that no more than three items would be displayed
in a row that had an identical initial phoneme. Trial lists were counterbalanced across
participants. For each participant and each item, mean reaction times and mean accuracies
were calculated. An accuracy threshold was set at 25%, below which participants were
assumed to have insufficient L2 proficiency and were thus excluded from further analyses.
This led to 35 children entering the final analysis.
Table 4.1

Means for participants’ age, length of instruction, language experience, frequency of
English usage, and proficiency measure response times and accuracy rates.
Mean

SD

Age

10.6

0.5

Number of months of L2 English instruction

8.0

0.0

Frequency of playing PC games in English*

3.6

2.0

Frequency of watching television in English*

4.3

1.9

Frequency of reading in English*

1.5

1.1

L2 picture naming proficiency measure RT

1475

261

L2 picture naming proficiency measure Acc

42.1

13.5

Note.

* Frequency ratings follow a 7-point Likert scale (1 = ‘never’ to 7 = ‘daily’) / RT = response
times / Acc = accuracies / SD = standard deviations.

Trials associated with voice-key failures (e.g., mouth clicks, stutters, false starts; 2.6%,
SD = 3.5) and incorrect responses were excluded from the RT analysis. Outliers with RTs
shorter than 200 ms or longer than 2.5 standard deviations (SDs) above the participant’s
mean (1.5%, SD = 0.8) were also excluded. The resulting mean RTs and accuracy scores are
presented in Table 4.1.
As 74 of the 80 stimuli for the picture naming proficiency task were also used as
stimuli in the translation recognition task in Experiment 4.1, the tasks were counterbalanced
across participants to avoid priming effects of having named many of the experimental
stimuli beforehand. This meant that half the children who performed the translation
recognition task did so after the picture-naming task while the other half did so before the
picture-naming task. To test whether the order of tasks had any effect on performance in the
translation recognition task, a one-factor ANOVA on the RTs of the word types (correct and
incorrect translations) used in the translation recognition task was run with group
(participants named pictures before the translation recognition task or participants named
pictures after the translation recognition task) as the independent measure. Critically, the
analysis yielded no significant main effect of group and no interaction between word type and
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group, Fs(1,33) < 1, ps > .30, indicating no difference in performance between those children
who had named pictures before and those who had after the translation recognition task.
Materials
For the translation recognition task, 88 sets of four concrete nouns were created (see
Appendix 4.A). The stimuli were chosen from the textbook Real English (Van der Voort &
Mol, 1998), which was used in the English language class of the participants. Each set
consisted of one correct translation between English and Dutch (duck – eend), one
semantically related, incorrect translation (duck – gans [goose]), and one unrelated, incorrect
translation (duck – klant [customer]).
The four groups of stimuli (English prime word, Dutch correct translation, Dutch
semantically-related incorrect translation, Dutch unrelated incorrect translation) were
controlled for word length as measured by number of syllables (prime: 1.5, SD = 0.6;
translation: M = 1.5, SD = 0.7; semantically related: M = 1.5, SD = 0.6; unrelated: M = 1.6, SD
= 0.7), number of letters (prime: 5.3, SD = 1.6; translation: M = 5.2, SD = 1.9; semantically
related: M = 5.2, SD = 1.5; unrelated: M = 5.4, SD = 1.6), and word frequency (prime: 1.6, SD
= 0.6; translation: M = 1.6, SD = 0.6; semantically related: M = 1.5, SD = 0.6; unrelated: M =
1.6, SD = 0.4; CELEX database, Baayen, Piepenbrock, & Van Rijn, 1993). A one-way ANOVA
was run to ascertain that there were no significant differences between the four groups of
words in number of syllables, number of letters, and frequency, all ps > .20.
Apparatus and Procedure
The experiment was programmed in E-Prime (Schneider, Eschman, & Zuccolotto,
2002) and conducted on a Pentium computer. Stimuli were presented using black, lower-case
letters on a white background. Reaction times were measured using an E-Prime serial
response button box (Schneider, 1995).
The children were tested individually and were seated in a quiet room approximately
50cm from the monitor. They were shown 88 word pairs and had to decide as quickly and as
accurately as possible whether or not the second word (Dutch) was the correct translation
equivalent of the first word (English) by pressing one of two buttons on a serial response
button box. The 88 two word pairs were generated randomly from the 88 four word sets
described in the Materials section. This lead to each child being shown 22 correct
translations, 22 semantically related, incorrect translations, 22 unrelated, incorrect
translations, and 22 correct filler pairs to equalize the number of correct and incorrect
translation responses. The experiment was designed in five blocks, the first of which being 8
additional practice trials. These trials were used to familiarize the children with the
experimental procedure and, if necessary, to give them additional instructions before
proceeding. There was an automatic 20-second pause between each of the four experimental
blocks of 22 stimuli each.
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The experimental trials were structured as follows. A fixation sign was displayed in
the center of the screen for 500 ms, then a blank for 200 ms, followed by a word in L2 English
for 300 ms, again followed by blank for 200 ms, and finally an L1 Dutch word for 3000 ms or
until the participant responded. Four trial lists were created in a pseudo-random order with
the restriction being that no more than three items would be displayed in a row coming from
the same condition. The trial lists were counterbalanced across participants.
Results and Discussion
For each participant and each item, mean reaction times (RTs) and mean percentage
of accuracy were calculated for the four conditions. RTs below 250 ms and above 2500 ms as
well as those exceeding 2.5 SDs above the mean were treated as outliers and were excluded
from the reaction time analysis. Outliers made up 1.3% (SD = 1.3%) in the translation
equivalent condition, 4.1% (SD = 3.8%) in the semantically related condition, and 1.5% (SD =
2.5%) in the unrelated condition. As participants were performing a binary choice task, there
was a 50% probability of the children giving the right answer by chance. For this reason, an
accuracy threshold for all conditions was set at 60%, a score below which participants would
not be included in the final analysis. All 35 children entered the final analysis. The data were
then analyzed as follows.
One-factor repeated-measures ANOVAs were performed by participants (F1) and by
items (F2) on mean RTs and accuracy rates, with word type (correct translation or incorrect
translation) serving as the independent variable. In the participant analyses, word type was
treated as a within-participant variable, while in the corresponding item analysis, word type
was treated as between-items factors. The resulting means and SDs are presented in Table 4.2.
The RT analysis yielded a significant effect of word type by participant, F1 (1,34) =
166.78, MSE = 4659, p < .001, ηp2 = .83, F2 (1,87) = 136.55, MSE = 12484, p < .001, ηp2 = .61.
A subsequent ANOVA on the two word types representing the incorrect translations (i.e. the
semantically related and unrelated word types), showed that children reacted significantly
slower to reject semantically related stimuli than semantically unrelated stimuli (semantic
interference effect = 80 ms), F1 (1,34) = 16.61, MSE = 6898, p < .001, ηp2 = .33; F2 (1,87) =
14.14, MSE = 21913, p < .001, ηp2 = .14.
The accuracy rates analysis yielded a significant effect of word type by participant, F1
(1,34) = 5.43, MSE = 53, p = .013, ηp2 = .14, F2 (1,87) = 3.71, MSE = 161, p = .029, ηp2 = .04.
The ANOVA including only the critical semantically related and unrelated word types
showed a semantic interference effect of 9.7%, F1 (1,34) = 34.96, MSE = 48, p < .001, ηp2 = .51;
F2 (1,87) = 23.75, MSE = 248, p < .001, ηp2 = .21.
The results obtained in Experiment 4.1 show that Dutch beginning L2 learners of
English with limited L2 instruction were influenced by the semantic manipulation, which
indicates that these children at an early stage in their L2 learning are able to access concepts
and semantic information directly from the L2.
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Mean reaction times (in ms) and accuracy rates (in %) for Experiment 4.1.

Experiment 4.1

RT

Acc

Correct Translation

879 (220)

76.4 (9.3)

Semantically-related

1130 (259)

75.6 (9.9)

Unrelated

1050 (207)

85.3 (11.7)

Semantic interference effect*

80

9.7

Note. Standard deviations are in parentheses. RT = reaction times / Acc = accuracy rates.
* Semantic interference effect calculated by subtracting the RTs of the unrelated stimuli from the
semantically-related stimuli and the accuracies of the semantically-related stimuli from the unrelated
stimuli.

The children’s performance in Experiment 4.1 showed that they were already able to
access meaning directly from the L2 words. If the L2 word-to-concept link in these children
has already become stronger after 8 months of L2 instruction, then their performance in a
translation production task could be used to test the predictions of the RHM concerning
forward translation and backward translation. While forward translation was assumed to rely
more on conceptual mediation, backward translation was assumed to rely more on lexical
mediation. To further explore word-to-concept mapping in these beginning L2 learners,
Experiment 4.2 was run approximately two months after Experiment 4.1 with the same group
of children using a forward and backward translation task.

Experiment 4.2: Backward and forward translation
Method
Participants
The 35 participants who had displayed sufficient L2 proficiency in Experiment 4.1 and
whose data were included in the final analyses took part in Experiment 4.2.
Materials
Trial lists of 88 translation pairs between English and in Dutch were created. The
stimuli were identical to the stimuli used in Experiment 4.1 (see Appendix 4.B).
Apparatus and Procedure
The experiment was programmed in E-Prime (Schneider et al., 2002) and run on a
Pentium computer. Reaction times were measured using a microphone that triggered the
voice key of an E-Prime serial response button box (Schneider, 1995). Children were asked to
translate the word presented on the screen as quickly and as accurately as possible into the
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target language, speaking into the microphone set before them. The experiment was designed
in five blocks, the first of which being 8 practice trials. Then, each of the four experimental
blocks (22 stimuli each) was initiated with the press of a button by the researcher.
Each experimental trial was structured as follows. A fixation sign was displayed for
1000 ms followed by a word for 5000 ms or until the participant responded. The
experimenter used the button box to code the participant’s utterances and the experiment
was digitally recorded for later analysis.
Each child was shown the 88 words in either English or Dutch, which then needed to
be translated into the other respective language. Half of the children received the stimuli in
L2 English and were asked to translate into L1 Dutch (backward translation), while the other
half received the stimuli in L1 Dutch and were asked to translate into L2 English (forward
translation). T-tests verified that the two groups did not differ significantly on any of the
measures reported in Table 4.1 (all ps > .10). Trial lists were created in a pseudo-random
order with the restriction being that no more than three items would be displayed in a row
with an identical initial phoneme. Trial lists and language conditions were counterbalanced
across participants.
Results and Discussion
For each participant and each item, mean RTs and mean error and omission
percentages were calculated for the two conditions. Responses that were not possible
translations according to Dutch-English/English-Dutch dictionaries (Martin & Tops, 1984;
1986) were considered errors. An error-omission threshold was set at 60%, above which
participants were not included in the final analysis. This led to 29 of the 35 children entering
the final analysis (14 participants for the backward translation and 15 participants for the
forward translation task)† Finally, stimuli that were translated above an error-omission
threshold of 60% were also eliminated from further analyses, which left 56 of 88 stimuli for
the final analyses for forward translation and 55 of 88 stimuli for backward translation.
An omission was scored if the children had not responded within the 5000 ms allotted
for naming after picture presentation (backward translation = 23.9%, SD = 14.0; forward
translation = 16.4%, SD = 9.2). Trials associated with voice-key failures such as clicks and
false starts (backward translation = 3.3%, SD = 2.9; forward translation = 0.3%, SD = 0.8) and
incorrect responses were excluded from the RT analysis. Outliers with RTs shorter than 200
ms or longer than 2.5 SDs above the participant’s mean (backward translation = 2.3%, SD =
1.5; forward translation = 1.9%, SD = 1.6) were also excluded from the RT analyses.
One-factor ANOVAs were performed by participants (F1) and by items (F2) on mean
reaction times, on error rates, and on omission rates, with translation direction (forward or
backward) serving as independent variable. In the participant analyses, translation direction
†

A re-analysis of the data obtained in Experiment 1 of only those 29 participants who entered
the final analysis in Experiment 2 yielded similar results as that of the 35 participants. All psremained the same.
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was treated as between-participant variable, while in the corresponding item analysis,
translation direction was treated as between-items factor. The resulting means and SDs are
presented in Table 4.3.
The data revealed a significant effect of translation direction in the latency analysis, F1
(1,28) = 6.96, MSE = 44486, p = .007, ηp2 = .21; F2 (1,110) = 18.32, MSE = 57791, p < .001, ηp2
= .14, with backward translation 206 ms faster than forward translation, and in the omission
rates analysis, F1 (1,28) = 2.92, MSE = 139, p = .05, ηp2 = .10; F2 (1,110) = 4.94, MSE = 313, p
= .014, ηp2 = .04, with 7.5% more omissions in backward translation than forward translation.
In contrast, the comparatively low error rates yielded no significant difference, F1 (1,28) =
1.72, MSE = 8, p > .10, ηp2 = .06; F2 (1,110) = 2.72, MSE = 20, p > .05, ηp2 = .02.
Table 4.3 Mean response times (in ms) and error rates and omission rates (in %) for Experiment 4.2.
Experiment 4.2

RT

ER

OR

Backward L2-L1 translation

1173 (179)

1.7 (2.0)

23.9 (14.0)

Forward L1-L2 translation

1379 (237)

3.1 (3.5)

16.4 (9.2)

Translation direction effect+

206

1.4

-7.5

Note. Standard deviations are in parentheses. RT = response times / ER = error rates / OR = omission
rates.
+

Translation direction effect calculated by subtracting RTs, error rates, and omission rates for

backward from forward translation.

The participants’ performance in the backward and forward translation task shows
that translation direction did have a significant effect, in that backward translation was
significantly faster (206 ms) than forward translation, while the omission rates were
significantly higher (7.5%) for backward than for forward translation. Particularly the
translation latency results suggest that these children rely more on lexical mediation in the L2
to L1 translation direction and more on conceptual mediation in the L1 to L2 translation
direction, which in line with the RHM should be evident in speakers whose L2 is relatively
weak (cf. Kroll et al., 2010). The omission results, running counter to those obtained for the
latencies, those obtained by Van Hell and De Groot (2008), and to the predictions made in
the Introduction, could be interpreted as resulting from the children having remained silent
instead of guessing when they did not know a particular word when translating from L2 to
L1. In contrast, when translating from L1 to L2, assuming concept mediation, more
conceptual neighbors may have become active, possibly offering more L2 word alternatives to
choose from, albeit not necessarily the correct one. This could also explain the slightly higher
error rates during translation from L1 to L2, as a sign of a greater willingness to guess the L2
word than to remain silent.
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Finally, to further explore the L2 word-to-concept mappings, the picture naming
proficiency measure RTs (Experiment 4.1; M = 1471, SD = 249) of only those children who
had performed the forward translation task and their forward translation production task
RTs (Experiment 4.2; M = 1379, SD = 237) were compared. This also tested the predictions
made by Potter et al. (1984). Task type (L2 picture naming vs. forward translation) would
show either one of two patterns: beginning L2 learners could be faster translating from L1 to
L2 than naming a picture in L2 (as predicted by the word association hypothesis), or
beginning L2 learners could be faster naming a picture in L2 than when translating from L1
to L2 (as predicted by the concept mediation hypothesis). An ANOVA on the mean naming
latencies with task type (forward translation vs. picture naming) as the independent variable
yielded a marginally significant effect of task type, F(1,14) = 2.83, MSE = 22287, p = .057, ηp2
= .17. This outcome fits better with the ‘word mediation’ hypothesis as proposed by Potter et
el. (1984) and corroborates the translation asymmetry in the latency data in Experiment 4.2.
Alternatively, children may be slower in retrieving the L2 word of a concept when this
concept is activated by a picture rather than an L1 word, as we will elaborate on below.
The above results, furthermore, are similar to those reported in Kroll and Curley
(1988) and Chen and Leung (1989) for low-proficiency adult learners but run counter to the
findings by Chen and Leung, who had also compared L2 picture naming with the L1 to L2
translation performance of child beginning L2 learners. They showed that child L2 learners
were faster at naming pictures than when translating (‘concept mediation’), while the adult
L2 learners were faster when translating than at naming pictures (‘word mediation’), results
that the authors assumed to be linked to L1 word decoding difficulties in the children under
study and/or to differing L2 word learning methods between child and adult learners.
The results obtained with the children in the present study, however, resemble those
of the adults and not those of the children in the Chen and Leung study. These diverging
results with children may have at its base the fact that, while the languages under
investigation in the present study, Dutch and English, are alphabetic languages, the languages
in the Chen and Leung study were Chinese and French, the former a logographic language.
Chen and Leung, who remarked that their findings with children were unexpected and
inconsistent with any of their hypotheses, interpreted the children’s performance as driven by
their need to use the concept-to-L2 word link in the early stages of learning caused by their
relatively low proficiency in reading L1 words. In other words, the L2 word-to-L1 word
lexical mediation route was rendered ineffective during L2 learning and unlikely to take place
by the nature of the L1 in this population. Thus, the language make-up may have been the
underlying cause for differing results with children.
In addition, Chen and Leung noted that the prominent learning strategy in child L2
learners in Hong Kong when learning novel L2 words is typically via pictures – this may have
added to an early boosting of the concept-to-L2 word connections, making L2 picture
naming in these children an often-repeated task. As such, this explains the performance in
forward translation an L2 picture naming. The Dutch child L2 learners, in contrast, while
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able to use concept mediation in the translation recognition task (Experiment 4.1), still relied
more on L1 word-to-L2 word lexical mediation during forward translation (Experiment 4.2),
possibly caused by the fact that they were less used to primarily naming pictures in L2 during
L2 learning. Hence, forward translation was lexically mediated from the L1 word form
straight to the L2 word from. When naming pictures, however, first the L1 word form was
accessed, using the well-developed concept-to-L1 word connection, followed by access to the
L2 word via the word-to-word lexical link. The less developed direct concept-to-L2 word
connection was thus not exploited yet during translation production.

General Discussion
This study tested two claims made by the RHM (Kroll & Stewart, 1994) particularly
regarding beginning L2 learners. For this purpose, L1 Dutch 5th graders with 8 months of
English instruction performed a translation recognition task and a translation production
task.
According to the predictions of the RHM, beginning L2 learners are less likely to
activate concepts when they have to translate from L2 to L1, and thus mostly use the lexical
link via L1 to access concepts. For this reason, beginning L2 learners should be less sensitive
to the meaning of a word in an L2 to L1 translation recognition task than more advanced L2
speakers. To explore this, incorrect word pairs in which the second word was semantically
related to the correct translation and incorrect unrelated word pairs were used. According to
the RHM, beginning L2 learners should process both types of word pairs similarly, yielding
similar naming latencies and accuracies. Contrary to this prediction, the children were slower
and less accurate in rejecting semantically related word pairs than with unrelated word pairs.
This corroborates the findings with adult L2 learners by Sunderman and Kroll (2006), who
interpreted their results by suggesting that even at early stages of learning L2 learners could
exploit L2 word form-to-concept mappings.
Given these results, we conclude that Dutch beginning learners of L2 English are able
to exploit the L2 conceptual link and thus activate concepts directly when translating from L2
into L1. These results also corroborate those by Comesaña and colleagues (2009), who found
semantic interference effects in children and concluded that beginning L2 learners were able
to translate similarly to more advanced L2 learners – via the conceptual link. Likewise, in an
ERP study with children performing, amongst others, a translation-recognition task,
Brenders, Van Hell, and Dijkstra (in revision) found corroborating evidence for concept
mediation even in beginning L2 learners when these translated from L2 to L1. The results of
these studies qualify the predictions made by the RHM and run counter to the results
obtained with adult learners by Talamas and colleagues (1999) as well as Ferré and colleagues
(2006), who had found that beginning L2 learners used the lexical link instead of the
conceptual link during translation. We assume that the vital differences to the present study’s

94

CHAPTER 4

results are the participant groups’ ages and the conditions under which the L2 had been
learned.
In a second experiment, we examined forward translation (from L1 to L2) and
backward translation (from L2 to L1). Whenever beginning L2 learners need to translate
from L2 to L1 (backward translation), the RHM predicts that this should be faster and more
accurate than when translating from L1 to L2 (forward translation). According to the RHM,
this asymmetry is most prominent in beginning L2 learners, as there is a direct link from L2
to L1, but an indirect link from L1 to L2. Translating from L1 into L2 uses the indirect link
via the concept. To test this asymmetry, we used a translation production task. The children
showed exactly this asymmetry in translation latencies – they were slower in forward than in
backward translation.
A possible alternative explanation for the translation production results is that it was
more difficult for these children learning English to produce L2 phonology. On the basis of
the present findings alone, we cannot determine the contribution of relatively weaker
phonology in the L2 than the L1 to the present results. On the one hand, if the slower times to
translate in the forward than backward direction of translation was due to difficulty in
producing the L2, then the results across the two experiments may not be as conflicting as we
have presented them. On the other hand, given that the forward translation latencies were
shorter than those in L2 picture naming, future research may need to focus on specific effects
of retrieving L2 phonology in picture naming compared to forward translation.
The translation recognition task indicates that the beginning L2 learners can exploit
the conceptual link between L2 word form and concepts, but the results on the backward
translation production tasks suggests that the L2 learners may also exploit lexical-level links.
Which route becomes more prominent during translation is likely related to specific task
demands related to translation recognition and translation production. The translation
recognition task is perceptual in nature and no verbal response is necessary. In the translation
production tasks, in contrast, participants need to actively give a verbal response, which
require the participants to access their lexicon and retrieve lexical items for production. La
Heij et al. (1996), who had found concept mediation in both translation directions in their
study, assumed that word translation was made up of two processes: activation of the concept
followed by word retrieval. The difficulty in backward translation, they reasoned, lay in
concept activation, whereas the difficulty in forward translation lay in L2 word retrieval.
These two processes may have a differential effect on an L2 learner’s translation performance.
In the present study, L2 word retrieval difficulties may have slowed down forward
translation, whereas difficulties in accessing the conceptual store in backward translation
when unknown L2 words were presented may have been responsible for the children to
remain silent. This would explain the higher omission rates in backward translation.
One important finding of the present work is that already at an early stage Dutch
beginning L2 learners of English can exploit L2 word form-to-concept mappings and access
the meaning of an L2 word in a direct way without mediation of the L1 word. This finding
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differs from some earlier findings with adult beginning L2 learners (Talamas et al., 1999;
Ferré et al., 2006; but see Altarriba & Mathis, 1997, and Sunderman & Kroll, 2006). A possible
reason for this finding is that the children in the present study were taught with an L2
learning method that fostered L2 word-to-concept mapping. The method used in the English
lessons of the children in this study, Real English (Van der Voort & Mol, 1998), focuses most
prominently on listening to spoken English, repeating of spoken English and repeating new
words. It is, incidentally, the method most commonly used nowadays in Dutch primary
schools in the Netherlands (Periodieke Peiling van het Onderwijsniveau [periodic poll on
education levels], Heesters, Feddema, Van der Schoot, & Hemker, 2008). In this method
much less stress is placed on translating Dutch words into English via paired associate
learning, which would strengthen L2 word to L1 word form connections instead of the L2
word form-to-concept connection.
Moreover, any language in a child’s environment besides the native language, and
particularly the soon-to-be-learned L2, may have an effect on later foreign language
acquisition. Even though all children participating in the experiments spoke only Dutch at
home, they grew up in a language environment in which English is ubiquitous in the media,
particularly in form of original English-language movies and series being aired with subtitles
instead of synchronized, as in, for example, in European countries such as Germany and
Italy. Koolstra and Beentjes (1999), in a study aimed at exploring the exposure of Dutch
children to L2 English via the media and its impact on building a basic L2 vocabulary and
possibly L2 language learning, showed that Dutch children who watched a television program
with an English-language soundtrack and Dutch subtitles had a larger English vocabulary
than children who watched an English-language program without subtitles. For this reason,
fifth-grade Dutch children, when they start receiving English lessons at school, may actually
be more advanced in their L2 learning than L2 learners who have never had any exposure
prior to learning the language. This could explain the children’s performance in the present
study in the translation recognition task being comparable to more advanced L2 learners’
performances found in earlier studies with.
In conclusion, the findings of present study offer new insights to the question how
child classroom L2 learners integrate novel L2 word forms into their mental lexicon, and how
they connect novel L2 words to concepts and to word forms in the L1. The results from the
translation recognition task, a perceptual task in which no verbal response is required, show
that even beginning L2 learners activate concepts. With changed task demands in the
translation production task, however, they rely more on the lexical link and less on the
conceptual link particularly during backward translation. During backward translation
production, after reading the L2 word, the L1 lexicon needs to be accessed and lexical items
need to be retrieved before production takes place. Thus, the results obtained indicate that
child beginning L2 learners are able to exploit conceptual and lexical links depending on the
contextual task demands, possibly also influenced by the language learning context (cf., Van
Hell & Kroll, 2013).
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Appendix 4.A
List of stimuli used in Experiment 4.1.
English
word

Dutch
translation

semantic.related

unrelated

airplane
arrow
aunt
bag
basket
bike
bird
bottle
boy
breakfast
bridge
butterfly
candle
car
carrot
chair
cheese
chicken
church
cloud
coat
country
curtain
desk
dog
doll
dress
duck
ear
eye
flower
frog
girl
glasses

vliegtuig
pijl
tante
tas
mand
fiets
vogel
fles
jongen
ontbijt
brug
vlinder
kaars
auto
wortel
stoel
kaas
kip
kerk
wolk
jas
land
gordijn
bureau
hond
pop
jurk
eend
oor
oog
bloem
kikker
meisje
bril
geweer
paard
echtgenoot
sleutel
koning
mes
been
leeuw
spiegel
geld

lucht
boog
oom

brand
boete
drank

rugzak
riet
wiel
nest
glas
meisje
boterham
rivier
zomer
vlam
stuur
groente
tafel
muis
haan
priester
regen
vest
dorp
stof
computer
kat
kind
feest
gans
mond
wimper
tuin
prins
dochter
neus
oorlog
ruiter
bruiloft
deur
kroon
vork
voet
tijger
badkamer
kassa

gebouw
ster
melk
paus
film
markt
regering
student
zuster
plank
vlag
kantoor
boek
maan
vlek
wenkbrauw
boerderij
zolder
riem
trap
pagina
huis
beeld
baard
klant
duin
dichter
zee
sigaar
kunst
gast
muziek
leger
publiek
vloer
brief
kast
matje
suiker
voordeur
toestel

gun
horse
husband
key
king
knife
leg
lion
mirror
money

English
word

Dutch
translation

semantic.related

unrelated

monkey
mountain
newspaper
onion
parrot
peanut
pencil
pig
pillow
plate
potato
queen
rabbit
rainbow
road
rope
sailor
sausage
scarf
shark
sharpener
shop
shower
skirt
smoke
snake
spider
spoon
stairs
strawberry
suit
suitcase
tail
teacher
teeth
towel
town
tree
turtle
waiter
wall
wife
window
witch

aap
berg
krant
ui
papegaai
pinda
potlood
varken
kussen
bord
aardappel
koningin
konijn
regenboog
weg
touw
matroos
worst
sjaal
haai
puntenslijp
er
winkel

banaan
heuvel
journalist
spek
vleugel
olifant
viltstift
modder
deken
eten
schil
paleis
vacht
kleur
spoor
draad
schip
vlees
winter
vis
potlood
kleding
zeep
zon
vuur
tong
web
bestek
lift
druif
trui
handtas
kapsel
leerling
tandarts
afwas
flat
tak
dier
terras
huis
moeder
kozijn
bezem

toren
vinger
buurman
stier
sneeuw
vrachtwagen
laars
schotel
brood
hotel
camera
ijzer
soep
lol
vlieg
zout
plant
beer
oever
hek
schilderij
boel
vijver
blok
roos
dak
doos
fabriek
huid
indiaan
veer
telefoon
schuur
geweld
vakantie
zadel
eigeel
bus
slot
school
spinazie
wind
straat
licht

douche
rok
rook
slang
spin
lepel
trap
aardbei
pak
koffer
staart
leerkracht
tanden
handdoek
stad
boom
schildpad
ober
muur
vrouw
raam
heks

100

CHAPTER 4
Appendix 4.B

List of stimuli used in Experiment 4.2.
English (backward translation)

Dutch (forward translation)

airplane

curtain

monkey

shower

aap

heks

meisje

sleutel

arrow

desk

mountain

skirt

aardappel

hond

mes

spiegel

aunt

dog

newspaper

smoke

aardbei

jas

muur

spin

bag

doll

onion

snake

auto

jongen

ober

staart

basket

dress

parrot

spider

been

jurk

ontbijt

stad

bike

duck

peanut

spoon

berg

kaars

oog

stoel

bird

ear

pencil

stairs

bloem

kaas

oor

tanden

bottle

eye

pig

strawberry

boom

kerk

paard

tante

boy

flower

pillow

suit

bord

kikker

pak

tas

breakfast

frog

plate

suitcase

bril

kip

papegaai

touw

bridge

girl

potato

tail

brug

koffer

pijl

trap

butterfly

glasses

queen

teacher

bureau

konijn

pinda

ui

candle

gun

rabbit

teeth

douche

koning

pop

varken

car

horse

rainbow

towel

echtgenoot

koningin

vliegtuig

carrot

husband

road

town

eend

krant

chair

key

rope

tree

fiets

kussen

potlood
puntenslijp
er
raam

cheese

king

sailor

turtle

fles

land

regenboog

vrouw

chicken

knife

sausage

waiter

geld

leeuw

rok

weg

church

leg

scarf

wall

geweer

lepel

rook

winkel

cloud

lion

shark

wife

gordijn

leraar

schildpad

wolk

coat

mirror

sharpener

window

haai

mand

sjaal

worst

country

money

shop

witch

handdoek

matroos

slang

wortel

vlinder
vogel

List of stimuli used in the L2 picture naming proficiency measure (Experiment 4.1).
airplane

bucket

church

ear

kite

pencil

sailor

suitcase

arrow

butterfly

city

eye

knife

pig

scarf

tail

bag

can

cloud

flower

leg

pillow

shark

teeth

basket

candle

coat

frog

lion

plate

shower

towel

belt

car

curtain

girl

mirror

potato

skirt

tree

bike

carrot

desk

glasses

monkey

queen

smoke

turtle

bird

chain

dog

gun

mountain

rabbit

snake

umbrella

bottle

chair

doll

horse

onion

rainbow

spoon

waiter

boy

cheese

dress

key

parrot

road

stairs

window

bridge

chicken

duck

king

peanut

rope

strawberry

witch
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Executive functions and inhibitory control in multilingual children
Evidence from second language learners, bilinguals, and trilinguals *
CHAPTER

5

ABSTRACT
In two experiments, we examined inhibitory control processes in three groups of bilinguals
and trilinguals that differed in nonnative language proficiency and language learning
background. German 5- to 8-year-old second language learners of English, German-English
bilinguals, German-English-language X trilinguals, and 6- to 8-year-old German
monolinguals performed the Simon task and the Attentional Networks (ANT) task. Language
proficiencies and socioeconomic status were controlled. We found that the Simon effect
advantage, reported in earlier research for bilingual children and adults over monolinguals,
differed across groups with bilinguals and trilinguals showing enhanced conflict resolution
over monolinguals and marginally so over second language learners. In the ANT, the
bilinguals and trilinguals displayed enhanced conflict resolution over second language
learners. This extends earlier research to child second language learners and trilinguals, who
were in the process of becoming proficient in an additional language, while corroborating
earlier findings demonstrating enhanced executive control in bilinguals assumed to be caused
by continuous inhibitory control processes necessary in competition resolution between two
(or possibly more) languages. The results are interpreted against the backdrop of the
developing language systems of the children, both for early second language learners and
early bilinguals and trilinguals.

This chapter has been published as: Poarch, G. J., & Van Hell, J. G. (2012). Executive functions and
inhibitory control in multilingual children: Evidence from second language learners, bilinguals, and
trilinguals. Journal of Experimental Child Psychology, 113(4), 535-551.

*
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Introduction

Recent research has demonstrated that when bilinguals and second language learners
use one language only, both languages are active and may compete for selection (e.g., Costa,
Miozzo, & Caramazza, 1999; Hermans, Bongaerts, De Bot, & Schreuder, 1998; Hermans,
Ormel, Besselaar, & Van Hell, 2011; Kroll, Bobb, & Wodniecka, 2006; Poarch & Van Hell,
2012). Managing two languages at the same time requires a control mechanism that resolves
the competition between the two languages effectively in order to use one language, the
intended language that is, for communication. Such an inhibitory control mechanism for
bilingual lexical access has been proposed by, for example, Green (1998). In other research it
has been suggested that continuously utilizing such a bilingual control mechanism to cope
with competition between languages has more general cognitive consequences, namely
enhanced cognitive control in bilingual compared to monolingual children and adults (e.g.,
Bialystok, Craik, Klein, & Viswanathan, 2004). Past research has focused on comparing
bilinguals and monolinguals in various age groups, but so far has neglected child second
language learners, whose proficiency in the second language is substantially lower than that
in the native language, and trilingual children, whose proficiency in their third language is
lower than that in their two native languages. By tapping into executive control processes in
these distinct groups, we attempt to shed light on whether second language learners, who
could be posited between monolinguals and bilinguals on a “language development
continuum”, and trilinguals, who could be posited beyond bilinguals, show the same
cognitive enhancement as bilinguals have been shown to do.
In this paper, we report two experiments in which we examined to what extent early
second language learners, bilingual, and trilingual children, with different levels of
proficiency in their second and third languages and with different language learning
backgrounds display differences in cognitive control in two tasks of executive function. More
specifically, we aimed at determining whether second language learners already showed
enhanced cognitive control over monolinguals, mirroring the need to control two languages,
and whether trilingual children, due to their possibly greater need to monitor and control
multiple languages, showed equal or advanced cognitive control compared to bilinguals.
Before reporting these experiments, we briefly review the available evidence suggesting that
during second language (L2) usage, the first language (L1) is also active and, consequently,
bilingual speakers need to control their languages to prevent interference. This mechanism, it
is assumed, has consequences in the non-verbal domain and may confer enhanced executive
functions in bilinguals.
Language control in bilinguals
Although both a bilingual’s languages are active, bilingual speakers are able to
separately use their two languages. Thus, bilingual speakers evidently display the capacity to
choose between their two languages and produce only one – this process calls for some kind
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of language control mechanism (Costa, La Heij, & Navarrete, 2006; Costa, Santesteban, &
Caño, 2005; Costa et al., 1999; Green, 1998; Kroll et al., 2006). Depending on the bilingual
speaker’s interlocutor, one language, the target language, needs to be activated over the other,
the nontarget language.
Proposals on how bilinguals deal with multiple languages so far all posit an attentional
control mechanism at the base of this process. Green (1998), for example, suggested that
bilingual language production was possible because the non-target language representations
were inhibited and their activation suppressed. Meuter and Allport (1999) argued similarly,
based on their findings of asymmetrical switching costs in a language switching study with
low-proficient bilinguals (see also Costa & Santesteban, 2004, and Costa, Santesteban, &
Ivanova, 2006 for studies with highly-proficient bilinguals and more symmetrical switching
costs). This asymmetry in switching was interpreted as indicating that stronger inhibition was
necessary to suppress the L1 language representations during L2 usage than to suppress the
L2 language representations during dominant L1 usage (for alternative interpretations of the
switching cost, see, e.g., Finkbeiner, Almeida, Janssen, & Caramazza, 2006).
Recently, there has been a shift from viewing inhibition as the single hypothesized
attentional control component in bilingual language control to a more global executive
functioning idea (see Bialystok, 2010, 2011; Costa, Hernández, Costa-Faidella, & SebastiánGallés, 2009). Bialystok (2010), for example, found a bilingual advantage in 6-year-olds in
conflict resolution tasks even when processing complex stimuli that involved no explicit
inhibitory component. Using two sets of conflict tasks, with varying executive demands and,
critically, varying involvement of inhibition, Bialystok was able to tease apart whether the
bilingual advantage could be traced solely to the inhibition component or whether it also
involved other aspects of executive control such as shifting and updating. The results are
interpreted as indicative of a bilingual advantage in executive control components that are
related to monitoring and shifting, which extends the previously suggested inhibition and
conflict resolution as responsible factors. Furthermore, in a study specifically tapping into the
three core executive control components working memory, inhibition, and shifting, Bialystok
(2011) obtained results indicating that the bilingual advantage may stem from an enhanced
general executive control network and a more effective recruitment of combined executive
control components in bilinguals.
Given that language acquisition histories may have variable repercussions in the
domain of language control and thus possibly more generally on cognitive control, a focus on
the multilingual children’s onset of L2 acquisition, relative language proficiencies, and
intensity and length of language exposure seems pertinent at this point. Children, in contrast
to adults, are still developing an effective control mechanism in order to keep their languages
apart. Research has shown that when bilinguals use one language, the other language is also
active (for a review, see Van Hell & Tanner, 2012). Such cross-language activation has been
shown to be bidirectional (i.e., L1 on L2, and vice versa) in, for example, highly proficient
bilingual children exposed to German and English from birth (Poarch & Van Hell, 2012),
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making continuous control of the two languages necessary to avoid intrusion of the nontarget
language. In contrast, child second language learners with low L2 proficiency have been
shown to display unidirectional cross-language activation (i.e., only L1 on L2; e.g., Brenders,
Van Hell, & Dijkstra, 2011; Poarch & Van Hell, 2012), which implies that low proficiency L2
speakers do not need to exert much effort to control their two language systems.
Thus, if one assumes a multilingual continuum, at one end, there are children who are
exposed to and develop two (or more) languages from birth onwards (De Houwer, 2009;
Genesee & Nicoladis, 2006), who show various degrees of language mixing (see, e.g., Lanza,
1997; Tracy, 2000), from which follows that they need to actively control their languages for
successful communication. Further along the continuum, one could place child second
language learners who are exposed to a second language between the ages of approximately
three to six in immersion environments (thus, substantially later than the first-mentioned
group of children). At the other end of the continuum, we have monolingual children who
learn their second language in classroom settings at a point at which their L1 is already fairly
well developed (after age six), who have limited exposure to the second language and do not
(yet) have a long history of having to control their two language systems. These different
language-learning histories, particularly regarding L2 acquisition, are related to how much
practice these children have accrued in controlling their language systems, which, critically,
may have different repercussions on more general cognitive control.
Consequences of bilingualism for executive functions
If inhibitory processes are indeed responsible for conferring language control to
bilinguals, then one could assume that non-linguistic areas in bilinguals requiring inhibitory
control might also be affected. Previous research suggests that repeated and regular use of
two languages, and the associated control over two languages, has an impact on executive
functions in bilingual speakers. This has been shown particularly with young children and
elderly adults, whose performance differed from matched monolinguals in executive
functions tasks such as the Simon Task and an antisaccade task (Bialystok et al., 2004;
Bialystok, Craik, & Ryan, 2006; Bialystok & Shapero, 2005; Craik & Bialystok, 2005; MartinRhee & Bialystok, 2008). Compared to monolinguals, child and young adult bilinguals have
also been shown to display enhanced executive control on the attentional network task
(Costa, Hernández, & Sebastián-Gallés, 2008; Yang, Yang, & Lust, 2011) and greater conflict
resolution through reactive inhibition of irrelevant information (Colzato et al., 2008).
Whereas in the studies of both Costa et al. (2008) and Colzato et al. (2008) the adult
bilinguals tested had grown up with and been immersed in two languages since early
childhood, Carlson and Meltzoff (2008) tested bilingual kindergarten children and found that
they outperformed monolingual and immersed L2 learners in tasks measuring conflict
resolution, one of which being the Attentional Networks Task. The authors suggested that the
need to switch between and control their two languages had honed the bilingual children’s
executive functions. Furthermore, the 6 months of immersion for the L2 learners had not
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been a sufficient period of exposure to induce an advantage in executive functioning over the
monolingual group.
In a study exploring cognitive control in late adult bilinguals, Festman, RodriguezFornells, and Münte (2010) asked participants to perform a battery of tests tapping into
executive functions, including Tower of Hanoi, Divided Attention, and Go/noGo tasks. The
results indicated that participants who (indirectly) exhibited stronger language control as
measured by a bilingual picture-naming task also performed better on the executive function
tests. It thus seems that having to extensively control the interference between two languages
also enhances late bilinguals’ non-language executive control and that this is modulated by
the strength of their language control abilities.
Overall, bilinguals have been found to display a cognitive advantage over
monolinguals in various conflict resolution and distractor inhibition tests, which is thought
to emerge from repeated and regular practice of language control. This is supported by
imaging studies (e.g., Hernandez & Meschyan, 2006) in which language control and executive
functions were shown to be subserved by the same brain areas, even at lower levels of L2
proficiency, suggesting a close relationship between bilingual language use and executive
control (for a recent meta-analysis, see Luk, Green, Abutalebi, & Grady, 2012).
However, in a review of studies on the bilingual advantage in executive control
mechanisms, Hilchey and Klein (2011) point out that many of the studies on cognitive
advantages in inhibitory control processes have used differing designs and methodologies,
and the results obtained do not unequivocally converge on the same pattern. This pattern is
supposed to converge on two bilingual advantages: (a) an overall (global) RT effect showing a
bilingual advantage in response latencies in congruent and incongruent conditions, and (b)
an interference effect as indexed by the magnitude of difference between congruent and
incongruent conditions showing a bilingual advantage. In this regard, the authors also
comment on the inconsistent patterns of bilingual advantages found in children, young,
middle-aged, and elderly adults. It should, thus, be informative to take a closer look at the
group in which global RT and interference effect advantages have been so elusive, namely
children. Moreover, the link between varying language learning histories and levels of L2
proficiency, on the one hand, and inhibitory control enhancement, on the other hand, could
be explored in more detail by contrasting not only bilinguals and monolinguals, as has been
done previously, but to also examine second language learners and trilinguals.
The present study
Building on studies with monolingual and bilingual children (e.g., Martin-Rhee &
Bialystok, 2008) and adults (e.g., Costa et al., 2008, 2009), we investigated non-linguistic
effects of language control in early second language learners, bilinguals, and trilinguals. All
children had had extensive contact with at least two languages in an immersion environment
at home and/or at kindergarten/school.
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All children completed the Simon task (Simon & Rudell, 1967) and the Attentional
Networks Task (ANT) (Rueda, Fan, et al., 2004) (see materials sections for detailed
overviews). The Simon task and the ANT are conflict-processing tasks that are used to assess
the attentional component of executive control, a component that involves two executive
control processes: conflict monitoring, which includes detection of conflict and preparation
of specific subsequent actions, and conflict resolution, which includes, for example,
inhibitory control, planning, and rule-holding (Posner & Fan, 2004). Whereas the Simon task
is a forced-choice task with two alternative responses in which participants need to choose
between targets that appear left or right of a fixation stimulus, the ANT asks participants to
respond to the direction of a center stimulus (pointed to the left or the right) that appears
after various fixation stimuli. Thus, both tasks, after activating conflicting representations,
induce participants to make a decision between two competing responses and then make the
appropriate response.
There are critical differences between the Simon task and the ANT. First, to perform
the Simon task, participants need to keep in mind and heed the stimulus-response rule that,
depending on which color the stimulus is, the respective button needs to be pressed. In
contrast, for the ANT, the component of keeping in mind a stimulus-response rule is much
less pronounced as, depending on which direction the critical stimulus points, the
corresponding left or right button need to be pressed. Thus, different attentional components
are addressed in these two tasks. Second, in the Simon task a preponderant response needs to
be suppressed in that the response should be in accordance with the stimulus-response rule
and not the stimulus location, while in the ANT, both target and flankers call for the same
response type. Third, the Simon task uses on-screen position as distractor and color as target
dimension, which means there are different formats used, whereas the ANT employs the
same format in form of arrows for both dimensions.
The Simon task and the ANT are assumed particularly appropriate for assessing
potential cognitive differences between monolinguals and bilinguals (see, e.g., Bialystok,
Martin, & Viswanathan, 2005; Carlson & Meltzoff, 2008) because they rely only to a minimal
extent on language and memory processes that may interact with bilingualism or
multilingualism. The present study provides more detailed insights into the cognitive benefits
of dealing with multiple languages regularly by also including multilinguals who have been
understudied, namely L2 learners and trilinguals.
Predictions
If being subjected to two or more languages on a daily basis (and having to control the
usage of these languages depending on one’s interlocutor and situational demands) conferred
advantages in executive control of participants, then the following predictions may be made:
(1) In both tasks, the magnitude of the difference between congruent and incongruent trials
should be largest for monolinguals, smaller for L2 learners, and smallest for bilinguals
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and trilinguals. This is based on the presupposition that bilinguals and trilinguals have
accrued the most extensive training in language control, while L2 learners have accrued
less and monolinguals none.
(2) In both tasks, bilinguals have been found to outperform monolinguals in overall
response times in inhibitory control tasks (e.g., in the Simon task, Bialystok, 2006; in the
ANT, Costa et al., 2008), even in those components that do not induce conflict (e.g.,
congruent trials), which is assumed to be linked to enhanced monitoring processes in
bilinguals. In tasks with congruent and incongruent trials, participants need to
continuously monitor the stimuli for potential conflict and prepare the appropriate
response, a process that draws on the executive control network. Thus, overall response
times (also called global RTs) should successively become faster from monolinguals
(slowest) over L2 learners (slower) to bilinguals (faster) and trilinguals (fastest) for both
congruent and incongruent trials.
(3) The predictions for the alerting and orienting networks (only addressed by the ANT; see
Experiment 5.2) are overall faster responses in trials in which an alerting cue is presented
(alerting network) and in trials in which the position of the target is indicated by a cue
beforehand (orienting network). As Costa and colleagues (2008, p. 67) have pointed out,
these are general predictions that do not pertain to bilinguals more so than to
monolinguals.

Experiment 5.1: Simon Task
Methods
Design
A 2 (Stimulus Type: congruent or incongruent) x 4 (Language Group: second
language learners, bilinguals, trilinguals, or monolinguals) factorial design was used.
Participants
Seventy-five children took part, all of whom had grown up and lived in Frankfurt,
Germany. The second language learners, bilinguals, and trilinguals attended a bilingual
German-English immersion Montessori kindergarten and primary school, and the
monolingual children attended a German-only primary school. The four groups of
participants are described below.
Second language learners.

These participants were nineteen German second language

learners of English (M = 6.9, SD = 0.8; age range: 5.2 to 7.8 years; 8 girls and 11 boys). They
had been immersed for 1.3 years (SD = 0.8) and spoke standard German as their first or
native language (L1) and English as their second language (L2). None of the children had
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grown up with or, prior to attending the immersion program, had had any continuous
exposure to a language apart from standard German since birth.
Bilinguals. These participants were eighteen German-English bilingual children (M = 6.8, SD
= 0.7; age range: 5.2 to 8.2 years; 9 girls and 9 boys). Their mean length of immersion was 2.8
years (SD = 0.9), and they had grown up bilingually with German and English spoken at
home from birth onward (8 children had a German-speaking mother and an Englishspeaking father, while 10 children had an English-speaking mother an a German-speaking
father). None had had any continuous exposure to languages apart from standard German
and English.
Trilinguals. These participants were eighteen bilingual third language (L3) learners of either
German or English (M = 6.8; SD = 0.9; age range: 5.2 to 8.1 years; 11 girls and 7 boys). Their
mean length of immersion was 2.4 years (SD = 1.1). Of these eighteen children, nine had
grown up bilingually with standard German and another language apart from English as dual
L1 at home, and nine children had grown up with English and a language apart from German
as dual L1 at home. Thus, nine children were growing up with two languages, and were
exposed to L3 English at kindergarten/school at an average of 5.2 years (SD = 1.7), and nine
children were early trilinguals, exposed to L3 German in the environment from birth and to
German and English at kindergarten at an average of 3.2 years (SD = 1.3).
Monolinguals. These participants were twenty monolingual children (M = 7.1, SD = 0.5; age
range: 6.0 to 7.9 years; 9 girls and 11 boys). They spoke standard German as their first and
native language and had not yet begun second language instruction, participated. None had
had any continuous exposure to a language save standard German.
Children’s language proficiencies in German and English were assessed by the Tests
for Reception of Grammar (TROG) for English (Bishop, 2003) and for German (Fox, 2006)
(see Materials section for detailed descriptions). While the four groups of children did not
differ significantly in German, they did so, as expected, in English. Furthermore, only the
bilinguals showed balanced German-English proficiencies, while the other groups’
proficiencies were higher in German than in English. Table 5.1 displays the children’s
proficiencies and length of immersion.
Children’s parents signed a consent form and filled in a questionnaire on their
education levels and their children’s language background. Parents’ ratings of their children’s
proficiency in German and English, using a 5-point scale (1 = no proficiency to 5 = native-like
proficiency), yielded no significant differences for German but did so for English. Finally, all
children were considered by their parents to be more proficient in German than English,
even the bilinguals. Parents’ education levels were considered to represent the family’s
socioeconomic status (SES) (e.g., Hoff, 2003); it did not differ significantly across groups,
Fs(3,71) < .10, p > .30. Table 5.1 displays the parents’ education levels.
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Materials
The materials consisted of the Test for Reception of Grammar and the Simon task
experimental stimuli.

Table 5.1

Characteristics of participant groups.
Group

Characteristic

L2 learners

Bilinguals

Trilinguals

Monolinguals

Age (years)

6.9 (0.8)

6.8 (0.7)

6.8 (0.9)

7.1(0.5)

Sex (girls:boys)

8:11

9:9

11:7

9:11

Length of bilingual immersion (years)

1.3 (0.8)

2.6 (0.9)

2.0 (1.1)

N/A

Mother’s educationa

3.5

3.2

3.7

3.5

Father’s education

3.5

3.3

3.6

3.6

113.7 (13.1)

108.8 (18.9)

105.0 (18.5)

114.3 (13.5)

a

Proficiency in L1
TROG German (Standard scoreb)

F(3,71) = 1.40, p > .10, Tukey HSD post hoc comparison (ps > .10)
Parents’ ratingc German

4.9 (0.3)

4.7 (0.5)

4.7 (0.6)

4.9 (0.3)

F(3,71) = 1.43, p > .10, Tukey HSD post hoc comparison (ps > .10)
Proficiency in L2
TROG English (Standard score)

80.8 (14.0)

112.3 (13.2)

96.1 (18.1)

56.4 (1.1)

F(3,71) = 63.36, p < .001, Tukey HSD post hoc comparison (ps < .005)
Parents’ rating English
c

1.5 (0.6)

4.1 (0.6)

3.4 (0.9)

1.0 (0.0)

F(3,71) = 119.20, p < .001, Tukey HSD post hoc comparison
(ps < .001) (save L2 learners vs. monolinguals, p < .04).
Proficiency comparison
TROG German and English

p < .05

p > .10

p < .05

p < .05

Parents’ rating German and English

p < .01

p < .01

p < .01

p < .01

Note. Standard deviations are in parentheses.
a

Education quantified using a 5-point scale (1 = middle school, 2 = high school graduate, 3 =

bachelor’s degree, 4 = master’s degree, and 5 = doctoral degree).
b

German standard score calculated on the basis of the TROG-D T-score on a range of 20 to 80

(mean 50, SD 10) and, for easier comparison, transferred to the TROG-2 English standard score range
of 55 to 145 (mean 100, SD 15). Formula for converting T-scores into standard scores: b = [((a – a
mean)/ a SD) x b SD] + b mean, where a = T score and b = standard score.
c

Parents’ rating follows a 5-point language proficiency scale (1 = no proficiency, 2 = low

proficiency,3 = moderate proficiency, 4 = moderate to high proficiency, and 5 = native-like proficiency).

110

CHAPTER 5

Test for Reception of Grammar (TROG-2 & TROG-D). The Test for Reception of Grammar,
developed for English (TROG-2) by Bishop (2003) and for German (TROG-D) by Fox
(2006), measures children’s receptive language proficiency. The two tests were administered
with a two-week time lag between tests in order to prevent any spillover effects, and two
weeks before the first experiment took place. (Note that half of the materials differ in the two
tests.).
Simon Task. In the Simon task (Bialystok et al., 2004; Simon & Rudell, 1967), a series of
colored squares is presented on the screen one at a time. The squares vary in color (in this
study, blue or red) and location on the screen (left of fixation, right of fixation, or at fixation).
Participants were told to press a left or right button colored accordingly on a button box with
their left or right index finger in response to the color of the square on the screen, irrespective
of the square’s location. In the congruent trial the square appeared on the same side as the
correct button response (e.g., a square on the right of fixation that required a right index
finger button box response), a response thus in which stimulus and response locations match.
In the incongruent trial the square appeared on the opposite side of the correct button
response (e.g., a square on the right of fixation that required a left hand button box response).
In the central trial the square appeared at fixation and thus was neither incongruent nor
congruent with the correct response location.
Extensive evidence has been reported (e.g., Simon & Rudell, 1967) showing that
response times are longer on incongruent trials than on congruent trials caused by the effect
of a mismatch between the spatial location of stimulus and location of response, also called
the Simon effect. The magnitude of this effect is assumed to reflect a participant’s ability to
inhibit the prepotent response evoked by the spatial location of the stimulus.
Apparatus and procedure
The experiment was presented on a laptop Gateway Solo 2150 computer with a 12inch monitor. The experimental tasks were programmed and run using E-Prime (Schneider,
Eschman, & Zuccolotto, 2002). Response latencies were measured using an E-Prime serial
response button box (Schneider, 1995). The experimental procedure was based on that used
by Bialystok et al. (2004). Each trial started with a fixation (+) displayed in the center of the
screen for 800ms, followed by a blank of 250ms. Then, a blue or red square appeared at the
center (x = 0.00°, y = 0.00°), on the left (x = 0.02°, y = 0.36°), or the right (x = 0.82°, y = 0.36°)
side of the screen, remaining there for 1000ms if there was no response. Participants were
instructed to press the left button box key (color-coded “blue”) when they saw a blue square
and the right button box key (color-coded “red”) when they saw a red square. Timing began
at stimulus onset, while the participant’s response terminated the stimulus. Before the onset
of the next trial, a 500-ms blank was shown. The 126 experimental trials, a third of which
presented the square centrally (neutral trials), a third on the same side as the associated
response key (congruent trials) and a third on the opposite side (incongruent trials), were
presented in random order.
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Participants were tested individually and were seated in a dimly lit room approximately
50cm from the monitor. They were asked to press the respective button as quickly and as
accurately as possible. The Simon task was set up in four blocks, the first of which being 24
practice trials. These trials were used to familiarize the participants with the experimental
procedure and, if necessary, to give them additional instructions before proceeding. Each of
the three experimental blocks (blocks of 42 stimuli each) was started with the press of a
button by the researcher. The entire experiment lasted approximately 10 min.
Results and discussion
For each participant, mean response latencies (RT) and mean percentages of errors
were calculated for the Simon task. Trials after incorrect responses were excluded from the
RT and error rate (ER) analysis. Outliers with RTs shorter than 200ms or longer than 2.5
standard deviations (SDs) above the participant’s mean (second language learners = 3.6%,
SD = 1.7; bilinguals = 3.3%, SD = 1.9; trilinguals = 3.1%, SD = 1.5; monolinguals = 3.5%, SD =
1.8) were also excluded from the RT analyses.
First, a 2 (stimulus type: congruent, incongruent) x 4 (language group: second language
learners, bilinguals, trilinguals, monolinguals) analysis of variance (ANOVA) was run, with
stimulus type as a within-participant variable and language group as a between-participant
variable. Then, one-factor (stimulus type: congruent, incongruent) repeated measures
ANOVAs were performed on the mean RTs and ERs separately for each group, treating
stimulus type as within-participant variable. The resulting means and SDs are presented in
Table 5.2.
The RT data yielded a significant main effect of stimulus type, F(1,71) = 480.05, MSE =
534, p < .001, ηp2 = .87, indicating different response latencies for incongruent vs. congruent
stimuli. The main effect of language group was not significant, F(3,71) < 1.00, p > .10, but the
interaction between stimulus type and language group was significant, F(3,71) = 3.31, p =
.025, ηp2 = .12, indicating that the Simon effect, in other words the magnitude of the
difference between congruent and incongruent trials, differed significantly between groups.
Post hoc Tukey HSD (honestly significant difference) comparisons of the magnitude of the
Simon effect showed that monolinguals displayed a significantly greater effect than trilinguals
(p = .016) and a marginally significantly greater effect than bilinguals (p = .062). None of the
other pairs differed significantly (ps > .10).
The error data analysis yielded a significant overall effect of stimulus type, F(1,71) =
67.11, MSE = 31, p < .001, ηp2 = .49, no main effect of language group, F(3,71) < 1.00, p > .10,
and no interaction between stimulus type and language group, F(3,71) < 1.00, p > .10,
indicating different error rates for incongruent vs. congruent stimuli – the Simon effect – but
no significant differences between the groups in regard to the magnitude of the Simon effect.
Finally, one-factor ANOVAs on each of the four groups separately showed significant Simon
effects in both RTs (all ps < .001) and ERs (all ps < .004).
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Mean RTs (ms) and ERs (%) for the Simon Task by language group for Experiment 5.1.
RT (ms)
L2 learners

Bilinguals

Trilinguals

Monolinguals

Center

685 (101)

670 (85)

686 (108)

689 (100)

Incongruent

752 (106)

720 (90)

735 (114)

745 (113)

Congruent

662 (104)

646 (81)

666 (110)

647 (107)

Effect

90

74

69

98

ER (%)
Center

11.0 (8.6)

7.7 (3.6)

11.5 (11.8)

9.1 (4.1)

Incongruent

15.9 (10.1)

14.8 (4.3)

16.4 (8.4)

15.0 (6.4)

Congruent

8.7 (5.3)

7.3 (4.0)

9.9 (9.2)

6.8 (3.2)

Effect

7.2

7.5

6.5

8.2

Note. Standard deviations are in parentheses.

The results obtained in Experiment 5.1 indicate that the trilinguals, and marginally so
the bilinguals, display conflict resolution in this task superior to that of the monolinguals
(Prediction 1), which is manifested by a smaller effect magnitude for the bilinguals and the
trilinguals in the RT analysis. We take this as an indication of enhanced cognitive control in
these multilingual children caused by their need to regularly and repeatedly draw on language
control processes. Remarkably, the magnitude of the Simon effect for the L2 learners did not
differ significantly from that of the monolinguals, on the one hand, and those of the
bilinguals and trilinguals, on the other hand. It is assumed that the length of immersion and
L2 experience for the L2 learners may not have been sufficient to enhance their conflict
resolution to differ significantly from that of the bilinguals and trilinguals or from that of the
monolinguals. Finally, concerning task monitoring as measured by overall (global) reaction
times in the congruent and incongruent conditions (Prediction 2), none of the groups
differed significantly, indicating no monitoring global RT advantage for any of the groups.
Given that conflict resolution differences had been found in Experiment 5.1 between
monolinguals, on the one hand, and bilinguals and trilinguals, on the other hand, with
second language learners holding the middle ground, the main focus of Experiment 5.2 was
to explore whether the second language learners, bilingual, and trilingual children would
perform similarly in an alternative task that measures not only conflict but also other
components of executive control (the Attentional Networks Task). Having established that
the second language learners did not differ significantly from the monolinguals, and in line
with the focus of this study on cognitive control in multilingual children with different
language proficiencies and language learning histories and uses, we chose to disregard the
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monolinguals and focus instead on comparing the second language learners’ performance to
that of the bi- and trilinguals. Therefore, the ANT was administered with the second language
learners, bilingual, and trilingual children six to eight months later.

Experiment 5.2: Attentional Networks Task
Methods
Design
A 4 (Cue Condition: no cue, double cue, center cue, or spatial cue) by 2 (Flanker
Type: congruent or incongruent) by 3 (Language Group: second language learners, bilinguals,
or trilinguals) factorial design was used.
Participants
The participants were fifty-six participants comprising three language groups:
nineteen second language learners, nineteen bilinguals, and eighteen trilinguals. Note that
these children were the same as those in Experiment 5.1 save one additional bilingual
matched in age and proficiency to all other participants.
Experiment 5.2 was conducted six to eight months after Experiment 5.1. Thus, second
language learners (M = 7.6; SD = 0.8), bilinguals (M = 7.3, SD = 0.7), and trilinguals (M = 7.5;
SD = 1.0) were correspondingly older than in Experiment 5.1.
Materials
The materials consisted of the Attentional Networks Task experimental stimuli. The
ANT, developed by Fan, McCandliss, Sommer, Raz, and Posner (2002), is a combination of a
cue reaction time task (Posner, 1980) and a flanker task (Eriksen & Eriksen, 1974). The ANT
has been used in a wide range of studies on attention, ranging from developmental studies
(Rueda, Fan, et al., 2004; Rueda, Posner, Rothbart, & Davis-Stober, 2004; ) to genetic studies
(Fan, Fossella, Sommer, Wu, & Posner, 2003; Fossella et al., 2002) of attention. The ANT is
constructed so as to explore three distinct so-called attentional networks: executive control
(monitoring and conflict resolution), alerting (attainment and maintenance of an alert state),
and orienting (selection of information from sensory input). In this experiment, the child
version of the ANT (Rueda, Fan, et al., 2004) was used, which is based on the original version
of Fan et al. (2002).
In the ANT, participants press one of two buttons on a keyboard, mouse, or response
box to indicate whether a central arrow displayed on the screen points to the left or right.
This central arrow is flanked to the left and right by two arrows each pointing in the same
direction (congruent trial) or in the different direction (incongruent trial) than the target
arrow (for the child version of the ANT used in this study, see Apparatus & Procedure
section below; see also Rueda, Fan, et al., 2004). The incongruent trials tend to elicit slower
responses than the congruent trials, as participants have to overcome and resolve the conflict
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that arises between the target stimulus and the to-be-ignored flankers. It is assumed that the
conflict arising in this task, the conflict effect, taps the functional properties of the executive
control network. Furthermore, all congruent and incongruent trials are preceded by one of
four visual cues: a double cue, no cue, a spatial cue, or a central cue (for a schematic of cue
types, see Costa et al., 2009). These cues tap the so-called alerting and the orienting networks.
The alerting network is explored by displaying a double cue or no cue before the target
stimulus; responses are slower when the target is not preceded by an alerting cue than when it
is. In a final step, the orienting network is studied by either displaying a spatial cue that
indicates where exactly the target stimulus will appear on the screen or a central cue that does
not; responses are slower when there is a central cue that does not signal where the target will
appear than when there is a spatial cue that does so.
Apparatus and procedure
The apparatus was identical to that of Experiment 5.1. The experimental procedure
was based on that used by Rueda, Fan, et al. (2004). Each trial began with a fixation (+) at the
center of the screen. The target was a yellow colored line drawing of a single fish or a
horizontal row of five fish, presented below or above fixation, over a turquoise background.
The participants were asked to respond according to whether the central fish was pointing to
the right or left by pressing the corresponding left or right button on the button box. On
incongruent trials the flanking fish pointed in the opposite direction as the central fish, on
congruent trials the flanking fish pointed in the same direction as the central fish, and on
neutral trials the central fish appeared without flanking fish. Each target stimulus was
presented either approximately 1° below or above fixation and was preceded by one of four
warning cue conditions: a center cue (in which an asterisk is presented at the location of the
fixation cross), a double cue (in which an asterisk appears at the locations of the target below
and above the fixation cross), a spatial cue (a single asterisk is presented in the position of the
upcoming target), or no cue (see Rueda, Fan, et al., 2004, 1031-1032, for exact spatial
information of stimuli display).
As in Experiment 5.1, participants were tested individually and were seated in a dimly
lit room approximately 50cm from the monitor. They were asked to place their left and right
index fingers on the left and right buttons of the button box and press the respective button
as quickly and as accurately as possible. Automatic computer-generated feedback for each
trial was supplied through headphones and each session lasted about 15 to 20 min. The
session consisted of 24 practice trials and three experimental blocks of 48 trials each. A trial
represented one out of 12 conditions in equal proportions: three target types (congruent,
incongruent and neutral) times four cues (no cue, central cue, double cue and spatial cue).
Trials began with a fixation (+) displayed between 400ms and 1600ms with random
variable duration. Afterwards, on some trials a 150-ms warning cue was displayed. After the
cue disappeared, a 450-ms fixation (+) appeared, followed by either the target presented alone
or the target presented simultaneously with the flanker items; this remained on the screen for
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a maximum of 1700ms or until a response was made by the child. The child received visual
and auditory feedback after making a response by pressing a button. A correct response
prompted a short animation in which the target fish blew bubbles while cheering “Woo-hoo”.
An incorrect response was followed by no animation of the fish and a single tone being
played.
Children were instructed to feed the hungry fish at the middle of the screen by
pressing the button on the button box corresponding to the direction in which the fish was
pointing. They were told that the hungry fish sometimes swam alone and sometimes swam
with other fish, but that they were always to feed the one in the middle. After receiving the
test instructions, the experimenter remained in the room and participants started with the
practice block, after which the three experimental blocks began. Between each of the four
blocks, children could take a short break.
Results and discussion
For each participant, mean response latencies (RT) and mean percentages of errors
were calculated. Trials after incorrect responses were excluded from the RT and ER analysis.
Outliers with RTs shorter than 200ms or longer than 2.5 SDs above the participant’s mean
(second language learners = 7.1%, SD = 6.6; bilinguals = 9.7%, SD = 7.7; trilinguals = 8.7%, SD
= 6.3) were also excluded from the RT analyses. The RT and error data were analyzed by
means of a 4 (Cue Type: no cue, double cue, center cue, or spatial cue) by 2 (Flanker Type:
congruent or incongruent) by 3 (Language Group: second language learners, bilinguals, or
trilinguals) ANOVA, treating cue type and flanker type as within-participant variables, and
language group as a between-participant variable. These analyses will be reported under the
subheading General Analyses below. In subsequent Attentional Networks analyses (see, e.g.,
Tao, Marzecová, Taft, Asanowicz, & Wodniecka, 2011), the three effects measured by the
attentional networks task were compared separately. The alerting effect was calculated by
subtracting the double cue type from the no cue type, the orienting effect was indexed by the
difference between the center cue type and the spatial cue type, and, finally, the conflict effect
was indexed by the difference between incongruent and congruent flanker types. The
resulting means and SDs are presented in Table 5.3. Figure 5.1 displays the RTs for the two
types of flankers, while Figure 5.2 displays the RTs for the three types of effect by participant
groups.
General Analyses
In the RT analysis, the main effects of cue type, F(3,159) = 47.49, MSE = 3868, p <
.001, ηp2 = .47, and flanker type, F(1,53) = 32.90, MSE = 4521, p < .001, ηp2 = .47, were
significant, but not that of language group, F(2,53) < 1. The interactions between language
group and cue type, F(6,159) = 1.67, MSE = 3868, p = .066, ηp2 = .06, and language group and
flanker type, F(2,53) = 1.93, MSE = 4521, p = .078, ηp2 = .07, were marginally significant. The
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other interactions were not significant (p > .10). In the error analysis, only the main effect of
cue type, F(3,159) = 6.13, MSE = 24, p < .001, ηp2 = .10, was significant (language group and
flanker type, Fs < 1). There were no significant interactions .(all ps > .10). Thus, the absence
of a main effect of language group indicates that overall performance of the three groups of
children (as measured by RTs and ERs) did not differ. In the following analyses, we tested
specific predictions on differences between the three groups of children in the three
attentional networks.
Table 5.3

Mean RTs (ms) and ERs (%) for the ANT by language group in Experiment 5.2.
Flanker
Congruent
L2 learners

Incongruent
Bilinguals

Conflict

Trilinguals

L2 learners

Bilinguals

Trilinguals

L2 learners Bilinguals

Trilinguals

RT (ms)

None

899 (186)

942 (156) 909 (131)

994 (207)

973 (138) 951 (143)

95

31

43

Double

881 (223)

874 (115) 847 (154)

944 (188)

963 (134) 893 (136)

63

89

47

Center

857 (195)

904 (144) 855 (129)

962 (231)

961 (124) 929 (149)

105

58

74

Spatial

857 (219)

862 (138) 839 (132)

952 (203)

914 (129) 870 (128)

96

52

31

Alerting

18

67

62

49

10

58

42

16

9

47

58

Orienting 0
ER (%)
None

3.0 (6.2)

3.3 (6.7)

3.8 (4.7)

6.7 (7.2)

4.8 (7.2)

5.4 (6.5)

3.7

1.5

1.6

Double

2.6 (5.0)

4.1 (6.0)

2.0 (3.9)

4.8 (5.4)

4.8 (6.6)

5.8 (6.6)

2.2

0.8

3.8

Center

4.0 (5.4)

3.9 (7.0)

3.4 (4.1)

4.4 (4.3)

5.7 (8.1)

6.7 (11.8)

0.4

1.8

3.4

Spatial

3.7 (5.1)

3.6 (6.7)

3.2 (6.2)

5.3 (7.4)

3.9 (6.3)

5.8 (6.1)

1.5

0.3

2.5

Alerting

0.4

-0.8

1.9

1.9

0.0

-0.3

0.3

0.1

-0.8

1.8

0.9

Orienting 0.3

Note. Standard deviations are in parentheses.

Attentional Networks
In these analyses, the three effects of the attentional networks (as indexed by the
alerting effect, the orienting effect, and the conflict effect) are assessed independently in
relationship to language group (second language learners, bilinguals, or trilinguals).
Interactions between attentional networks effects and the variable language group will be
used as an index of the effect of bilingualism/trilingualism.
Alerting network. The alerting effect (double cue vs. no cue trials) was significant in the RT
analysis, F(1,53) = 20.21, MSE = 2694, p < .001, ηp2 = .28, but the effect of language group and
the interaction between language group and alerting effect were not (Fs < 1). In the ER
analysis, no significant effects were observed (all Fs >1).
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Orienting network. The orienting effect (center cue type vs. spatial cue trials) in the RT
analysis was significant, F(1,53) = 10.96, MSE = 2116, p = .001, ηp2 = .17, but the effect of
language group was not (F < 1). The interaction between language group and orienting effect
was marginally significant, F(2,53) = 1.97, MSE = 2116, p = .075, ηp2 = .07. No significant
effects were observed in the error analysis (all Fs >1).
Executive network. The conflict effect (incongruent vs. congruent trials) yielded a significant
effect, F(1,53) = 119.89, MSE = 991, p < .001, ηp2 = .69, but the effect of language group was
not significant (F < 1). The interaction between language group and conflict effect was
significant, F(2,53) = 4.37, MSE = 991, p = .009, ηp2 = .14. For the error rates, there was also a
significant conflict effect, F(1,53) = 13.17, MSE = 8, p < .001, ηp2 = .20, but the main effect of
language group and the interaction between language group and conflict effect did not reach
significance (all Fs < 1).

Figure 5.1 Mean RTs for congruent and incongruent stimuli in the ANT by language groups
for Experiment 5.2. Error bars represent standard errors.

The Attentional Network analyses yielded interactions between language group and
conflict in the Orienting network and the Executive network, in the RT analysis but not in the
ER analysis. To further examine the differences in the Orienting network and the Executive
network, separate analyses to compare the groups of children (i.e., second language learners
vs. bilinguals, second language learners vs. trilinguals, and bilinguals vs. trilinguals) were
conducted on the RT data.
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Second language learners vs. bilinguals. The bilinguals displayed a significantly greater
orienting effect (44ms) than second language learners (5ms), F(1,36) = 3.17, MSE = 4634, p =
.042, ηp2 = .08, indicating a greater benefit induced by the orienting cue for bilinguals. In the
resolution of conflict, second language learners were less efficient (90ms) than bilinguals
(57ms), F(1,36) = 4.57, MSE = 2115, p = .019, ηp2 = .11. The two groups did not differ in
overall reaction times to either orienting or conflict trials (Fs < 1), showing no global RT
advantage for bilinguals over second language learners.
Second language learners vs. trilinguals. For orienting, the trilinguals displayed a marginally
significantly greater orienting effect (37ms) than trilinguals second language learners (5ms),
F(1,35) = 2.37, MSE = 4059, p = .067, ηp2 = .06. For conflict resolution, trilinguals showed
significantly less conflict (49ms) than second language learners (90ms), F(1,35) = 7.93, MSE =
1961, p = .004, ηp2 = .19. No global RT difference was found for either network (Fs < 1).
Bilinguals vs. trilinguals. The bilinguals and trilinguals displayed similar orienting and
conflict resolution effects (orienting: 44ms vs. 37ms; conflict: 57ms vs. 49ms), Fs(1,35) < 1.00,
p > .30. No global RT difference was found for either network (Fs < 1).

Figure 5.2

Effect magnitudes (RT) in the ANT of the three language groups for Experiment 5.2.
Error bars represent standard errors.
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The attentional networks analyses indicated that all three groups of children showed
alerting, orienting, and conflict effects, only two of which differed between groups: the
orienting and the conflict effect. The subsequent comparative analyses on the orienting effect
yielded a bilingual and trilingual advantage over second language learners in benefiting from
the orienting cue, whereas the conflict effect indicated that bilinguals and trilinguals
experienced less interference than second language learners from incongruent flankers.
Finally, no global RT advantage, indicative of enhanced task monitoring, was found for any
of the groups.
General Discussion
Multilingual speakers who regularly and repeatedly use more than one language need
to display one trait that monolingual speakers do not: the control over which language to
choose depending on interlocutor and/or speaking context while avoiding interference from
the language not in use. The present study explored whether the necessity for multilingual
children to regularly activate attentional control mechanisms during speech production has
any effect on the efficiency of these children’ general attentional system. For this purpose, we
ran two experimental tasks, the Simon task, and the Attentional Networks Task, with various
groups of children with differing language backgrounds. We were particularly interested in
whether the groups’ performances would inform us about their capacity to resolve conflict, to
monitor tasks, and to shift attention – capacities connected to the executive control network.
As expected, all groups of children responded faster in congruent than in incongruent
conditions both in the Simon task and in the ANT, displaying results that are in line with
previous studies (e.g., Bialystok et al., 2004; Carlson & Meltzoff, 2008; Rueda, Fan, et al.,
2004). Furthermore, in the ANT, participants’ responses were faster when a warning cue was
presented prior to the target stimuli (alerting network), and the location of the target stimuli
was indicated by a spatial cue beforehand (orienting network).
There were, however, critical, quantitative differences between the groups. As
predicted, bilinguals and trilinguals displayed less interference in the incongruent Simon task
condition than monolinguals, indicating that the language control continuously exercised by
the bilinguals and trilinguals has a more general effect on attentional control mechanisms
(see Figures 5.1 and 5.2). While numerically, there was an advantage for the L2 learners over
the monolinguals, and a disadvantage for the L2 learners over the bilinguals and trilinguals,
this was not borne out statistically. This suggests that the L2 learners’ enhanced attentional
control was emerging but had not yet reached performance levels of the bilinguals and
trilinguals. Compared to the bilinguals and trilinguals, the L2 learners had had limited L2
immersion experience and less experience in controlling their two languages. In addition, the
L2 learners may still have been in a stage of language acquisition in which their L2 speech
production output, and thereby the need for language control, was limited. As reported by
the English-speaking teachers in the bilingual schools in which data collection for this study
took place, the L2 learner children were able to understand their interlocutors’ English, but
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prominently chose their L1 German to produce language (see also Paradis & Nicoladis, 2007,
for language dominance influencing language choice in bilinguals preschoolers).
The Attentional Networks Task showed significant advantages for the bilingual and
trilingual children over the second language learners in benefiting from the orienting cue and
in showing less interference in resolving conflict. At the same time, no global RT advantage
was found for any of the groups, so the groups do not differ in task monitoring. As such, the
observation made in the ANT in that bilinguals and trilinguals displayed enhanced conflict
resolution over L2 learners, are in line with the Simon task results. Moreover, the fact that
bilinguals and trilinguals did not differ significantly in their performances in either the Simon
task or the ANT suggests that dealing with and negotiating between three languages, instead
of between two languages, on a daily basis does not suffice to enhance attentional control
even more.
Finally, in the present study the ANT yielded no group differences in the alerting
network, which is contrary to the results reported by Costa et al. (2008) with adult CatalanSpanish bilinguals but is in line with Costa et al.’s (2009) findings in the same population.
Furthermore, group differences in the ANT were found in the orienting network, running
counter to results obtained with adult bilinguals in Hernández, Costa, Fuentes, Vivas, and
Sebastián-Gallés (2010). Possibly, while all children in the present study profited from the
spatial cue indicating the correct location of the following target, the bilingual and trilingual
children were able to exploit the orienting cue to a significantly greater extent than the
second language learners. In line with Tao et al. (2011), we explain this effect difference as
stemming from bilingual and trilingual children displaying an enhanced ability to exploit and
utilize location stimuli more efficiently. Furthermore, the observation that the children in our
study show significant differences in this network can be viewed as a developmental
phenomenon. It could be evidence that the enhanced language control these individuals need
to administer within their still developing language systems in order to choose the target
language for communication boosts their orienting performance in this task.
The fact that bilinguals and trilinguals in the present study suffered less interference
from incongruent trials than monolinguals and L2 learners suggests that the general
executive control network is differently developed in the bilingual and trilingual children and
can be explained in two ways, namely that (a) bilingualism helps in monitoring, shifting
attention, and resolving conflict when responding to specific stimuli or (b) bilingualism
attenuates the impact of irrelevant information for the task at hand. These results partially
replicate and, critically, expand previous research showing that multilingualism affects the
performance of children and adults in non-linguistic tasks that require attentional control.
Furthermore, it has provided novel evidence for similar performance of bilinguals and
trilinguals in such tasks, indicating that dealing with more than two languages does not lead
to more strongly enhanced attentional control in trilinguals compared to bilinguals. As such,
whether dealing with more than one language or more than two languages seems to have no
differential effect. Moreover, the data of the L2 learners showed that being subjected to a
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second language at an early age is insufficient to fully accrue the cognitive control advantages
found in bilinguals. Evidently, a specific threshold in exposure and usage needs to be reached
before such advantages as outlined above take full effect.
A further prediction made in the Introduction of this study was that bilinguals and
trilinguals would also outperform the other speaker groups in overall reaction times. This was
not borne out in either experiment in that bilinguals and trilinguals were not significantly
faster than L2 learners and monolinguals in the Simon task and bilinguals and trilinguals not
significantly faster than L2 learners in the ANT, in both congruent and incongruent trials.
This observation contrasts those of Bialystok et al. (2004, 2005, 2006), who found overall
faster RTs for bilinguals over monolinguals and interpreted this as an enhanced bilingual
monitoring capacity connected to the more efficient executive control mechanism caused by
continuous bilingual language control. In other words, the possible switch between
incongruent and congruent trials engages a participant’s cognitive resources in monitoring
the task, even in trials without conflict resolution. Thus, participants with more efficient
executive control mechanisms will respond faster in both kinds of trials, as they will be less
affected by the increased attentional demands of the task. As pointed out above, the groups in
our study did not differ in overall reaction times. Costa et al. (2008) note that, while the two
mechanisms (monitoring and conflict resolution processes) are related to the same network,
they are affected relatively independently by bilingualism. That is, conflict resolution
processes becoming more efficient does not necessarily mean that monitoring processes also
improve. Thus, the interaction between these two components of the executive control
network requires further exploration, in light of the observations made in this study
compared with the mixed results in earlier studies.
Future research could focus specifically on, for example, exploring the time course of
possible enhancements in executive control in young L2 learners, assessing how much and
how long L2 learners need to be immersed for significant effects to emerge, and determining
whether bilingual and trilingual populations show within-group differences in language
control behavior that could prove to be helpful in controlling participant group variability.
Addressing these issues should be beneficial in informing research in the domain of
bilingualism and multilingualism.
In conclusion, the results presented in this article add to the growing body of evidence
showing the benefits of bilingualism on the executive control network’s efficiency. The tasks
used in our experiments tapped into the executive control network components, and the
results suggest a beneficial effect for one subcomponent in particular, namely that of conflict
resolution. Critically, the present study also showed that cognitive control benefits for second
language learners with limited input in their L2 (as compared to bilinguals and trilinguals)
were not (yet) accrued. Moreover, dealing with three languages rather than two languages,
which potentially increases the need for language control to navigate and use these languages
accordingly, did not materialize in larger cognitive control advantages in trilingual children
relative to bilingual children.
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Summary and discussion
CHAPTER

6

ABSTRACT
This chapter features a summary of the main findings of the present thesis and a discussion of
the implications of the results reported in this thesis. More specifically, it highlights the
modulating factors in cross-language interaction in second language learners, bilinguals, and
trilinguals, as well as the representation of words in the beginning second language learner’s
mental lexicon and the effects of early bi- and multilingualism on cognitive control.
Suggestions for future research conclude the chapter.
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CHAPTER 6
Summary

The central topics of this thesis are cross-language interaction, word representation
and processing, and cognitive control in multilinguals. While previous psycholinguistic
research focused mainly on bilinguals to explore these issues (for reviews, see Bialystok, 2009;
Costa, 2005; Kroll, Bobb, & Wodniecka, 2006), the present thesis aimed at extending the scope
of previous research by more closely examining understudied groups of speakers with specific
language backgrounds. The main motivation in doing so was the need to shift the focus of
research in the field of psycholinguistics away from mostly adult populations to those
populations becoming ever more common: child learners of a second language and children
growing up with more than one language. This focus, it was assumed, might offer unique and
novel insights into the processing of multiple languages and the possible consequences
thereof, mostly from a cognitive psycholinguistic perspective. First, children in the process of
language acquisition were investigated, while, critically, expanding the participant population
to include not only bilinguals and monolinguals but also second language learners and
trilinguals. The latter two groups of individuals were hypothesized to be differentially affected
by the interaction of multiple languages during speech production and, as a result, in
cognitive control compared to bilinguals and monolinguals. These hypotheses were tested in a
number of experiments that tested single word production and cognitive control (Chapters 2
and 5). Second, adult trilinguals who differed in onset and length of L3 immersion were asked
to perform picture-naming tasks in their L2 and L3. Here, it was of interest how the multiple
languages in these adult speakers interacted during speech production in L2 and L3 (Chapter
3). Finally, Dutch children who were second language learners of English performed word
comprehension and translation tasks. These tasks aimed at tapping into word representation
and processing during the early stages of second language acquisition (Chapter 4).
Below, after a brief summary of the empirical studies reported in this thesis, I give an
overview of the key findings of the studies reported in this thesis. I then discuss the
consequences for research on bi- and multilingual language processing, the implications for
models of word representation and foreign language instruction, and, finally, the effects of
bilingualism on executive functions and cognitive control.
Summary of the empirical studies in this thesis
Chapter 2 presents a picture naming experiment in which cross-language activation
during word production in children and adults was examined. The main focus was to shed
light on lexical access during word production in four groups of young children who were still
in the process of first language acquisition and who differed in non-native language
proficiency and language learning backgrounds (Experiments 2.1, 2.2, 2.3, & 2.4). This was
contrasted with the same type of experiment conducted with highly proficient adult bilinguals
(Experiment 2.5).
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A basic question in earlier studies on bilingual lexical access was whether or not the
languages in bilinguals are co-activated during lexical retrieval, the so-called languageselective and the language non-selective access views (e.g., Bloem & La Heij, 2003; Colomé,
2001; Costa, Caramazza, & Sebastián-Gallés, 2000; Costa, Miozzo, & Caramazza, 1999;
Hermans, Bongaerts, De Bot, & Schreuder, 1998). Ubiquitous evidence for language nonselective access in adult bilinguals has since been presented (see review by Kroll et al., 2006).
One way to tap into lexical processes and possible cross-language activation is to use
experimental paradigms during which speakers need to access phonological, orthographic,
and semantic information. One such task is the picture naming task, in which participants are
required to name pictures as quickly and as accurately as possible. Using a cognate
manipulation, in which pictures with cognate names and pictures with noncognate names
between two specific languages make up the experimental stimuli, it is possible to assess
whether speakers activate both their languages or only one language during lexical retrieval.
For this, the time it takes for participants to name pictures with cognate names and pictures
with noncognate names is compared. If both languages are active to the phonological level
during naming in one language, then naming cognate pictures should be facilitated due to the
additional activation offered by the nontarget language compared to naming noncognate
pictures (Costa et al., 2000). This cognate facilitation effect has been found in adult bilinguals
of varying relative L1 and L2 proficiencies. While the participants in Costa et al.’s (2000) study
displayed the effect in both their L1 and in their L2, Kroll et al. (2000) found facilitation only
in the weaker L2. These results indicate that cross-language activation is modulated by relative
language proficiency and language background (age of acquisition, and recency, length, and
quantity of exposure).
The rationale for focusing on lexical retrieval in children in Experiments 2.1, 2.2, and
2.3 was that so far production studies have focused exclusively on adults. Because children are
still developing both their L1 and L2, and will access lexical-semantic information and name
pictures more slowly than adults, their patterns of lexical retrieval and cross-language
activation may differ from that of adults. The slower lexical access by children and the
subsequently extended time window in the naming of pictures could lead to one of two
outcomes: Either the children would show little or no coactivation of their languages due to
greater decay in activation over time during lexical retrieval, or the slower language
processing in these children would give language coactivation more time to take hold and
ultimately boost cognate effects. If the children did show coactivation of their languages, it
was predicted that depending on the relative language proficiencies in L1 and L2, the cognate
effects should be larger in the weaker language and smaller or absent in the stronger language
(e.g., Costa & Caramazza, 1999; see also Costa et al., 2000, in which cognate effects were found
in L2 and L1, albeit more strongly in L2, whereas in Kroll et al., 2000, cognate effects were
found in the L2 only). The same pattern of cognate effects was expected in the adult bilinguals
in Experiment 2.5, who were late bilinguals with relatively high L2 proficiency, and as such
were more comparable to the participants in the Kroll et al. study than the Costa et al. study.
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The groups of bilinguals and trilinguals differed in nonnative language proficiency and
language learning backgrounds. In Experiments 2.1, 2.2, 2.3, and 2.5, German 5- to 8-year-old
second language learners of English, German-English bilinguals, German-English-Language
X trilinguals, and adult German-English bilinguals, respectively, performed a picture naming
task in two languages, German and English. In Experiment 2.4, 6- to 8-year-old German
monolinguals named pictures in German. The experimental manipulation in both language
conditions was whether the picture to be named was a cognate or a noncognate between
German and English (Anker – anchor vs. Fenster – window).
The bilingual and trilingual children in Experiments 2.2 and 2.3 showed a significant
cognate facilitation effect in both L2 and L1 picture naming, while the child second language
learners in Experiment 2.1 displayed a cognate effect in L2 but not in L1, signifying that only
the dominant L1 German had an effect on the non-dominant L2 English. Critically, the agematched monolingual children, a control group that only performed the picture naming task
in German (Experiment 2.4), showed no cognate effect, indicating that the results obtained in
Experiments 2.1, 2.2, and 2.3 were not driven by a lexical confound in the stimuli. These
results indicate that there is language coactivation in children exposed to multiple languages,
that this coactivation of the nontarget language is stronger when pictures are named in the
weaker or nondominant language, and that relative language proficiency is a modulating
factor. The cognate facilitation effect in the L2 only displayed by the second language learners
is assumed to have been caused by their asymmetry in the activation of L2 language codes
compared to the dominant language. Possibly their L2 exposure had not been sufficient for
the coactivation of phonology to materialize and induce an observable cognate facilitation
effect in the L1. Overall, the findings demonstrate how the integration of languages into a
child’s system follows a developmental path that, at lower levels of proficiency, allows only
limited cross-language activation.
The adult German-English bilinguals in Experiment 2.5, all of whom had learned their
L2 at a later age (after age 10), displayed cross-language activation in their L2 and in the L1,
albeit to a greater extent in L2 than in L1. These results are in line with those presented in
Costa et al. (2000) and bespeak a gradual shift of cross-language activation in bilinguals: crosslanguage activation that is found exclusively in the L2 at earlier stages of proficiency and
cross-language activation found in both L2 and L1 at higher levels of L2 proficiency. This is
influenced primarily by the factors recency, length, and quantity of exposure, while the oftquoted early L2 acquisition, in other words age of acquisition, may have less impact than
previously assumed. Compared to the highly proficient (early) bilinguals in the Costa et al.
(2000) study and the unbalanced bilinguals in the Kroll et al. (2000) study, the adult L1
German-L2 English bilinguals in Experiment 2.5 reported in this thesis were late learners with
extensive L2 input, particularly at the time of test. A high quantity of exposure and its recency
influences how balanced these individuals’ languages are and may make language processing
in general and cross-language activation in particular more susceptible to bidirectional
influences.
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Whereas Chapter 2 has its focus mainly on children, Chapter 3 investigates language
processing in adult trilinguals. The goal of the study reported in Chapter 3 was to shed light
on whether during language production cross-language activation is modulated by relative
language proficiency and immersion experience, only now with a focus on adult trilinguals.
Specifically, it was examined (1) whether cognate effects accrue across languages (and script)
in word production, and (2) whether immersion in L3 is a modulating factor in crosslanguage activation. It was of particular interest whether in the L3-immersed trilinguals, the
non-L3-immersed trilinguals, and the different-script L3-immersed trilinguals additive
cognate effects would emerge across languages during target language word production, given
the coactivation of non-target language knowledge, and whether cross-language activation
would be modulated by immersion in L3. Van Hell and Dijkstra (2002), for example, had
Dutch-English-French trilinguals perform word association and lexical decision tasks in their
L1. Word association and lexical decision times to L1-L2 and L1-L3 cognates were shorter
than those to noncognates, the L1-L3 cognate facilitation effect only reaching significance in
trilinguals with sufficient L3 proficiency. These results suggest that the coactivation of
nontarget languages only becomes evident after a specific proficiency threshold has been
reached, in this study in the L3. In a study with proficient Dutch-English-German trilinguals,
Lemhöfer, Dijkstra, and Michel (2004) used an L3 lexical decision task and obtained results
indicating that all the trilinguals’ languages were activated during word recognition.
Moreover, they found that cognate facilitation for triple cognates (Dutch-English-German)
was stronger than for double cognates (Dutch-German). The cognate effect can thus
accumulate over languages in language comprehension tasks if the trilinguals display
sufficient proficiency. Again using the picture naming paradigm, we examined cross-language
activation during speech production in three groups of adult trilinguals: L3-immersed
German-English-Dutch, non-L3-immersed Dutch-English-German, and L3-immersed
Russian-English-German trilinguals. While in the study reported in Chapter 2, cognate status
was manipulated in the participants’ L1 and L2, we now used cognate and noncognate
pictures that had to be named in L2 and L3 as the critical task manipulation. Furthermore, the
stimuli were more diverse as they now consisted of triple cognates across all three languages,
double cognates between only two of the three languages, and noncognates.
We found cognate facilitation in the same-script trilinguals across all languages,
although with patterns modulated by the trilinguals’ L3-immersion status and L3 proficiency.
This corroborates and extends earlier findings in bilingual adults and children. For the
German-English-Dutch trilinguals in Experiment 3.1, when naming in L2, significant cognate
facilitation was found for naming latencies and accuracies with triple cognates. When naming
in L3, significant cognate facilitation was found in the naming latencies with triple cognates
only, and for the accuracies with triple cognates and double cognates. This was interpreted as
displaying limited influence of L2 English in L3 naming, possibly stemming from active daily
usage of L3 Dutch and overall strong activation of L1 German. The Dutch-English-German
trilinguals in Experiment 3.2, in contrast, showed a limited influence of L3 German and more
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influence of L2 English. Although, as in Experiment 3.1, significant cognate facilitation was
found in L2 naming for triple cognates, in L3 naming, in contrast, significant cognate
facilitation was found for triple cognates and double cognates. This finding was interpreted as
higher baseline activation of L1 and L2 over L3, which was assumed to have less influence due
to its not having reached sufficient proficiency. Critically, the different-script trilinguals in
Experiment 3.3 displayed significant cognate effects in the triple cognate pictures in both
languages of naming. For one, this indicated the activation of their L1 Russian phonology. It
also mirrors these trilinguals’ active use of L2 and L3.
Taken together, the findings indicate that in trilinguals immersion experience in L2
and/or L3 and L2 and L3 proficiencies potentially affect both the ease of lexical access to L2
and L3, as indexed by overall naming latencies, and cross-language activation of nontarget
languages during L2 and L3 picture naming. Moreover, not only the dominant L1 exerts
influence (in the form of cross-language activation) on the non-dominant language that is
required for the task, but also the second non-dominant non-target language does so. This
indicates that languages speakers learn later in life also interact with one another. Finally,
cognate effects accrue across languages and also take effect during naming in L2 and L3 even
if the L1 is of a different script, which is in line with results obtained in a picture naming study
by Hoshino and Kroll (2008) with Japanese-English bilinguals.
Chapter 4 reports a study in which we tested the predictions of the Revised
Hierarchical Model (RHM) by examining child learners’ mapping of novel words to concepts
during the early stages of L2 learning. The RHM predicts that beginning L2 learners initially
access L2 word meaning indirectly via the L1 translation equivalent. With increasing L2
proficiency, it is assumed that L2 word meanings are increasingly accessed directly from the
L2 word form to the corresponding concept. Corroborating evidence for this was presented by
Talamas et al. (1999), who compared beginning and advanced L2 learners using a translation
recognition task and explored L2 word-to-concept mappings at different stages of
development. Their results indicated that beginning L2 learners were more sensitive to word
form and less to word meaning, while the more advanced L2 learners were more sensitive to a
word’s meaning. This was interpreted as supporting the RHM in that L2 learners used the
lexical mediation route in the early stages of L2 learning whereas more advanced L2 learners
used the conceptual mediation route. The RHM’s predictions were tested in 5th grade Dutch
beginning L2 learners of English who had had 8 months of English classes at school. The
children performed a L2 to L1 translation recognition task (Experiment 4.1) and a translation
production task in both directions of translation, backward from L2 English to L1 Dutch and
forward from L1 Dutch to L2 English (Experiment 4.2). The translation recognition task
included word pairs that were correct translations (duck – eend), word pairs that were not
correct translations but semantically related to the correct translation (duck – gans [goose]),
and word pairs that were not correct translations and unrelated to the correct translation
(duck – klant [customer]). The results obtained in Experiment 4.1 show that their translation
recognition performance was slower and less accurate for semantically related than for
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semantically unrelated word pairs, which indicates that the children were already sensitive to
L2 word meaning in English.
These findings corroborate earlier translation recognition studies, for example those
by Sunderman and Kroll (2006), who obtained semantic interference effects for less and more
proficient adult speakers. Contrary to previous assumptions that semantic interference effects
would only emerge in more proficient L2 speakers, their results suggested an earlier
emergence of L2 word-to-concept links during learners’ L2 acquisition process. This is also
indicated by more recent studies conducted with children by Comesaña, Perea, Piñeiro, and
Fraga (2009) and in an ERP study with children by Brenders, Van Hell, and Dijkstra (in
revision), who also found evidence for concept mediation in beginning L2 learners when
translating from L2 to L1. In Experiment 4.2, the children displayed faster backward
translation latencies (L2 to L1) than forward translation latencies (L1 to L2), which is in line
with the translation asymmetry between backward and forward translation predicted by the
RHM for speakers who are more proficient in their L1 than in their L2 and is also in line with
results obtained with adult beginning L2 learners (e.g., Kroll, Michael, Tokowicz, & Dufour,
2002).
These results indicate that Dutch beginning classroom L2 learners are able to exploit
conceptual information during translation, but that this depends heavily on whether the task
requires language comprehension (Experiment 4.1) or language production (Experiment 4.2)
and on the processing demands of the respective task. Evidently, in the translation recognition
task in Experiment 4.1 the conceptual link is exploited sufficiently to show semantic
interference in these beginning L2 learners, while in the translation production task in
Experiment 4.2 lexical mediation still plays a greater role. The results obtained provide further
evidence that L2 learners are able to map L2 word forms to concepts even at early stages of
their L2 learning. In summary, depending on which task needs to be performed, Dutch
beginning classroom L2 learners are able to directly access conceptual information in
processing the L2, providing further evidence for L2 word-to-concept mapping in some L2
learners. Evidently the specific task demands induced by either translation recognition or
translation production are responsible for the more prominent mediation route during
translation. Translation recognition is perceptual in nature and necessitates no verbal
responses, a task thus that may not have required the beginning L2 learners’ cognitive
resources as heavily and possibly allowed them to mediate conceptually. Conversely,
translation production requires verbal responses, which involves accessing the lexicon and
retrieving lexical items – possibly a more taxing task with a higher cognitive load. This study
also contributes to accumulating evidence that possibly a change in focus in foreign language
teaching is at the base of these findings (see General Discussion of Chapter 4 for a more
detailed account).
Finally, Chapter 5 reports a study that explored whether the necessity for multilingual
children to regularly activate attentional control mechanisms during speech production has
any effect on the efficiency of their general attentional system. For this purpose, various
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groups of children with differing language backgrounds performed the Simon task and the
Attentional Networks Task (ANT), both of which have been used extensively in research on
executive functions. It was of particular interest whether the groups’ performances would
inform us about their capacity to resolve conflict, to monitor tasks, and to shift attention,
capacities connected to the executive control network.
Four groups of children performed the Simon task, three of whom also performed the
ANT. These were the children who also took part in the study reported in Chapter 2 of this
thesis (German 5- to 8-year-old second language learners of English, German-English
bilinguals, German-English-language X trilinguals, and 6- to 8-year-old German
monolinguals; see combined statistical analysis below). In an extension of earlier research,
which had focused on comparing monolinguals to bilinguals (e.g., Bialystok & Martin, 2004;
Bialystok & Viswanathan, 2009; Carlson & Meltzoff, 2008; Martin-Rhee & Bialystok, 2008;
Yang, Yang, & Lust, 2011), we added two groups of children: second language learners and
trilinguals. This enabled us, on the one hand, to trace the development of the previously found
bilingual cognitive control advantage through exploring the performance of the second
language learners, and, on the other hand, assess whether the need for even more language
control in trilinguals compared to bilinguals conferred even more enhanced cognitive control
to the trilinguals relative to the bilinguals. Furthermore, recent work by Bialystok (2010, 2011)
has indicated a shift from explaining the bilingual cognitive control advantage through
enhanced inhibition in bilinguals to a more global executive function idea, an idea that posits
the bilingual advantage in executive control components related to monitoring and shifting,
thus beyond solely those of inhibition and conflict resolution.
In Experiment 5.1, using the Simon task, we found a Simon effect advantage that
differed across groups with bilinguals and trilinguals displaying significantly enhanced
conflict resolution over monolinguals and marginally so over second language learners. This
corroborates earlier findings for bilinguals over monolinguals (Bialystok, Craik, Klein, &
Viswanathan, 2004; Carlson & Meltzoff, 2008; Costa, Hernández, & Sebastián-Gallés, 2008;
Martin-Rhee & Bialystok, 2008), both in children and adults, and suggests that the continuous
language control the bilinguals and trilinguals need to exercise has a more general effect on
their attentional control mechanisms. Moreover, while the L2 learners showed an advantage
over the monolinguals and a disadvantage in relation to the bilinguals and trilinguals, these
differences were not borne out statistically. These results suggest emerging enhanced
attentional control in the L2 learners, without this yet reaching the performance levels of the
bilinguals and trilinguals. It was assumed that, in contrast to the bilinguals and trilinguals, the
L2 learners had had limited L2 immersion experience, lower L2 proficiency, and thus possibly
less need to control their two languages continuously.
The result obtained in Experiment 5.2, using the ANT, are in line with those from
Experiment 5.1 in that the bilinguals and trilinguals outperformed the second language
learners in conflict resolution. Furthermore, the bilinguals and trilinguals also were able to
exploit the orienting cue significantly better than the second language learners. This indicates
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that the general executive control network in the bilingual and trilingual children has
developed differently. One could assume that using more than one language daily either
assists in the domains of shifting attention, monitoring, and resolving conflict when
responding to specific stimuli or that this attenuates the impact of irrelevant information for
the task at hand. More specifically, the present findings could be interpreted as a
developmental phenomenon within multilingual individuals: The enhanced language control
needed to control their developing language systems may be responsible for boosting their
conflict resolution and the orienting performance in this task. Moreover, the fact that there
were no significant differences between the bilinguals and trilinguals in the Simon task and
the ANT suggests that the daily use of three instead of two languages does not enhance
attentional control in trilinguals over bilinguals. Finally, the groups differed neither in global
RTs (Experiments 5.1 and 5.2) nor in the alerting network (Experiment 5.2), indicating
similar task monitoring abilities for all children, irrespective of how many languages they
needed to control (but see Videsott, Della Rosa, Wiater, Francheschini, & Abutalebi, 2012, for
research reporting enhanced alerting networks for bilingual children living in Northern Italy).
Our results from Chapter 5 substantially expand previous research on the effects of
multilingualism on the performance of children and adults in non-linguistic tasks requiring
attentional control by focusing on both second language learners and trilinguals.
Furthermore, we have provided novel evidence for bilinguals and trilinguals performing
similarly in such tasks, indicating that dealing with two or with three languages seems to have
similar effects. Moreover, and critically, the L2 learners’ performance indicates that a specific
threshold in L2 exposure and usage needs to be reached before fully accruing the cognitive
control advantages found in multilinguals.

General Discussion
The empirical studies in this thesis offer important insights into bilingual and
multilingual language processing in children and adults as well as into cognitive control in
children of varying language learning backgrounds and proficiencies. In the discussion below,
I will elaborate on the implications the studies reported in Chapters 2 through 5 have, where
applicable, when contrasted and/or combined with one another.
Cross-language activation between L1 and L2 and cognitive control
Given that the monolinguals, second language learners, bilinguals, and trilinguals who
took part in the studies presented in Chapters 2 and 5 were identical, the findings of Chapter 2
of this thesis have several implications for those presented in Chapter 5 and vice versa.
Chapter 2 reports that bilinguals and trilinguals display bidirectional cross-language
activation between L1 German and L2 English, whereas second language learners showed only
unidirectional cross-language activation of L1 German on L2 English but not vice versa. If one
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views this bidirectional cross-language activation in child bilinguals and trilinguals as an
indication of both relative proficiency in each language and repeated, long-term usage of these
languages, then this would reflect the children having reached a proficiency threshold that
allows both languages to be permeable for influence from the other language. At the same
time, the results from Chapter 5 indicate that these children also exhibit enhanced cognitive
control compared to monolinguals and marginally so compared to second language learners.
As such, bidirectional cross-language activation and enhanced cognitive control may be
viewed as two sides of the same coin. In light of the fact that enhanced cognitive control in
bilingual children is assumed to stem from their more or less permanent need to monitor,
control, and shift between two languages, and that bidirectional cross-language activation is
modulated by relative language proficiency and use, one may adduce that both cross-language
activation and cognitive control possibly develop in parallel along the same trajectory. Thus,
in other words, the results of both studies, viewed together, may indicate parallel development
of relative language proficiency and corresponding cross-language activation and an
enhanced development of executive functions.
To test this, the magnitudes of the cognate facilitation effect in L1 German and in L2
English as an index of cross-language activation, the scores in the Test for Reception of
Grammar in English and German (TROG; see Chapters 2 and 5) as measures for L1 and L2
proficiencies, length of immersion, and the Simon effect and the two effects obtained in the
ANT, orienting and conflict, were correlated. The correlation analyses showed proficiency in
L2 English to correlate significantly with the cognate facilitation effect in L2 English, r = -.27,
p < .05, and with the magnitude of the Simon effect, r = -.24, p < .05. Furthermore, length of
immersion correlated with the cognate facilitation effect in L1 German, r = .26, p < .05, with
the cognate facilitation effect in L2 English, r = -.34, p < .01, and with the proficiency in L2
English, r = .36, p < .01. There was also a negative correlation between the cognate facilitation
effect in L2 English and that in L1 German, r = -.32, p < .01, indicating that while one effect
becomes greater the other becomes smaller. These results partially confirm the impact of L2
proficiency and length of immersion on cross-language activation; the development of
enhanced cognitive control, however, correlated only with L2 proficiency.
Furthermore, the results presented in Chapters 2 and 5 also indicate that second
language learners in immersion contexts who did not grow up with multiple languages at
home, in contrast to bilingual children who grew up with two languages from birth at home,
may accrue the cognitive control benefits that have been shown for bilingual children (see
Bialystok & Barac, 2012 for a recent study on emerging bilingualism in an immersion
context). To further examine this idea, simple regression analyses were performed on the
cognate facilitation effect in L1 German, the cognate facilitation effect in L2 English, and on
the Simon effect, with English proficiency and length of immersion as separate predictors.
With English proficiency as a predictor, the regression analysis showed that 7.1% of the
variance in the magnitude of the cognate facilitation effect in English was accounted for by the
proficiency in L2 English, F(1,51) = 3.83, p = .05. This means the higher the English
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proficiency scores were, the lower the magnitude of the cognate facilitation effect in English, B
= -3.23, β = -.27, p = .05. Furthermore, 5.6% of the variance in the Simon effect magnitude was
accounted for by L2 English proficiency, F(1,51) = 2.98, p = .09, which means higher English
proficiency scores meant smaller Simon effect magnitudes, B = -.31, β = -.24, p = .09, although
this effect was only marginally significant.
With length of immersion as a predictor, the results showed that 6.7% of the variance
in the magnitude of the cognate facilitation effect in German was accounted for by the length
of immersion, F(1,50) = 3.59, p = .06. This marginal effect suggests that the greater the length
of immersion was, the greater the magnitude of the cognate facilitation effect in German, B =
14.55, β = .26, p = .06. Moreover, 11.2% of the variance in the magnitude of the cognate
facilitation effect in English were accounted for by length of immersion, F(1,50) = 6.30, p =
.015, indicating that the greater the length of immersion was, the smaller the magnitude of the
cognate facilitation effect in English, B = -56.70, β = -.34, p = .015. Finally, 13.0% of the
variance in English proficiency were accounted for by length of immersion, F(1,50) = 7.49, p <
.01, indicating that the greater the length of immersion, the higher the proficiency in English,
B = 5.05, β = .36, p < .01.
Even though in Chapter 2 unidirectional instead of bidirectional cross-language
activation was found in second language learners in an immersion context, indicating that
these children had possibly not reached the proficiency threshold (yet) to allow influence of
the L2 on the L1 (as found in the bilinguals and trilinguals), there was evidence in Chapter 5
suggesting that second language learners’ cognitive control was beginning to show an
enhancement compared to monolingual children in the Simon Task (Experiment 5.1). To
explore this possible difference, the second language learners’ and the monolinguals’
performances in the Simon Task’s congruent and incongruent trials were compared, the
difference between which is assumed to reflect participants’ ability to inhibit responses
induced by the spatial location of a stimulus. For this purpose, a 2 (Stimulus type: congruent,
incongruent) x 2 (Language group: second language learners, monolinguals) analysis of
variance (ANOVA), with stimulus type as a within-participant variable and language group as
a between-participant variable, was used. The results indicate a significant effect of stimulus
type, F(1,32) = 430.87, p < .001, ηp2 = .93, and a marginally significant effect of language
group, F(1,32) = 2.25, p = .072, ηp2 = .07, but no interaction between stimulus type and
language group, F(1,32) < 1, p > .10, ηp2 = .03. This indicates that the children’s cognitive
control as measured by the Simon effect did not differ sufficiently between the groups to
speak of enhanced cognitive control for the L2 learners. Given the limited number of
participants, exploring a possible difference with a larger number of children may be
necessary.
Should an enhanced cognitive control development in second language learners
become statistically evident, then this could be of particular interest for prospective
immersion schools and educational policy makers. While foreign language teaching has been
an important pillar of primary and secondary education in various countries for many years,
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there are shortcomings such as relatively limited time that is allowed for foreign language
instruction and correspondingly limited exposure to the foreign language. In response, there
has been a recent shift towards increasing the quantity and quality of foreign language input
in schools by offering various forms of (partial) immersion and Content and Language
Integrated Learning (CLIL; Coyle, Hood, & Marsh, 2010; Wannagat, 2007). Longitudinal
studies exploring the development of cross-language activation and cognitive control in
immersed second language learners and children following CLIL classes could be an
interesting avenue for future research and possibly offer educational policy makers and
schools helpful information (e.g., Hermanto, Moreno, & Bialystok, 2012). Together, the
results of Chapters 2 and 5 imply that the impact of using two or more languages on a daily
basis may have an impact on both linguistic and non-linguistic domains.
Cross-language activation between L1, L2, and L3
The findings in Chapter 3 with adult trilinguals combined with the findings in Chapter
2 indicate that different developmental pathways and different relative language proficiencies
cause different degrees of cross-language activation between three languages (Chapter 3) and
between two languages (Chapter 2) to emerge through the lifespan. In line with results
obtained by Van Hell and Dijkstra (2002) for language comprehension, in which proficiencies
in the nontarget languages modulated cross-language activation in form of cognate
facilitation, the results in Chapter 3 indicate that bidirectional cross-language activation may
be extended to cross-language activation between three languages if there has been sufficient
exposure to all the languages to accrue sufficient proficiency in each. For example, the
German-English-Dutch trilinguals (Experiment 3.1) and the Dutch-English-German
trilinguals (Experiment 3.2) displayed distinctive patterns of cross-language activation: the
language to which they had had least exposure and in which they had accrued little or no
immersion experience (L2 English for the German trilinguals and L3 German for the Dutch
trilinguals) exerted significantly less influence than the other non-dominant language. In
contrast, the Russian-English-German trilinguals, who had gained more exposure time to
both the L2 and the L3, displayed cross-language activation in which both non-dominant
languages exerted significant influence during word production. These results highlight the
modulating effects of immersion experience, without which advanced language proficiency is
less likely to be reached and thus cross-language activation may remain limited to the exertion
of L1 influence on the other language(s). Taken together, Chapters 2 and 3 illustrate that both
bilinguals from birth and late bilinguals and trilinguals may exhibit cross-language activation
in which the dominant and the non-dominant language(s) have reciprocal effects on one
another.
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Cross-language activation between L1 and L2 and word-to-concept mappings
Finally, the findings in Chapter 4 with child second language learners, who showed L2
word-to-concept mapping in the early stages of second language learning, are indicative of
possibly differing developmental pathways in second language learners depending on how
novel words are mapped to concepts during the L2 learning process. Although not specifically
tested in the study reported in Chapter 4, the developmental pathway could be linked to the
prominent manner of L2 instruction. Possibly, if L2 learners are taught using word-to-word
association learning and in an environment that lacks semantic depth, the word association
route may be activated to a greater extent. In contrast, L2 instruction that focuses on learning
vocabulary through listening and speaking exercises and in meaningful contexts may have a
major impact on how lexical and conceptual information is activated during translation.
Students in foreign language classrooms may nowadays more so than in previous times learn
L2 words in contexts enriched by pictures, real-life problems, and perform listening and
speaking exercises. This may facilitate direct L2 word-to-concept mapping, it may make the
L2 word-to-concept link available to these L2 learners at an earlier point in their L2
acquisition, and as such have a significant impact on the activation of lexical and conceptual
information during translation. As such, being in an immersion or CLIL context (see above),
in which the learning situation is semantically rich through, amongst others, meaningful
interaction, may boost the concept mediation route from the onset of learning. Two recent
studies indeed suggest that specific characteristics of the instruction method affect how lexical
and conceptual links are established in the L2 learners’ mental lexicon (Comesaña et al., 2009;
Jeong et al, 2010). Comesaña et al. (2009) had children learn L2 words by one of two methods:
either by L2-L1 word association learning or by L2-picture association learning. In the test
phase, children completed a translation recognition task with a semantic manipulation (see
Experiment 4.1, this thesis), in which only the group that had learned via the L2-picture
association method showed semantic sensitivity. Evidently, using pictures may have been
conducive to developing L2 word-to-concept mappings. Furthermore, Jeong et al. (2010) have
shown that the manner in which L2 words are learned, for example, via the written L1
translation or embedded in context-rich situations, has a differential effect on which cortical
structures are engaged during L2 word retrieval. Future research could further investigate in
how far variations in learning a foreign language have an impact on word-to-word and wordto-concept mappings in second language learners.
For bilingual word comprehension, Grainger, Midgley, and Holcomb (2010) have
recently suggested that as L2 proficiency increases in second language learners, the
connectivity between form and meaning representations in L1 and L2 is also modified,
indicating that not only the L2 connections but also the L1 connections may be affected by
becoming more proficient in an additional language. Furthermore, they pose the question
whether early bilinguals and late L2 learners are likely to develop similar extents of
connectivity between L1 and L2, a question also addressed by Hernandez and Li (2007). This
ties in with the findings in Chapters 2 in which the permeability of speakers’ two languages (in
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form of either bidirectional or unidirectional cross-language activation) depended on how
much L2 exposure the bilinguals had had, how proficient they had become in both languages,
and how often they had used their two languages. In other words, bilinguals who grow up
with two languages from birth may exhibit language usage patterns that cause word-toconcept mappings in both languages to differ in terms of strength and level of activation from
the word-to-concept mapping in the single language of a monolingual. After all, bilinguals
have to distribute their language use between two languages, potentially generating less time
activating each language and the word-to-concept connections than their monolingual peers
in the one language at their disposal. At the same time, at the conceptual level, for example,
semantic convergence has been found to affect category boundaries and category centers in
bilinguals’ two languages (Ameel, Malt, Storms, & Van Assche, 2009) and that these differ
from those of monolinguals. Future research could focus on tracing the development of wordto-concept mappings by comparing child second language learners in various learning
contexts and bilingual children, a comparison that could yield valuable insights into various
stages of lexical and conceptual representations.
Suggestions for further research
In this thesis, studies are reported in which the magnitudes of the cognate facilitation
effect were significant in the dominant L1 and the nondominant L2 of bilingual and trilingual
children and bilingual adults (Chapter 2) and cognate facilitation effects accrued across three
languages in the adult trilinguals’ L2 and L3 (Chapter 3). Using neurocognitive measures
could supplement the so far obtained results by offering a measure of covert responses
additionally to the overt responses of the behavioral measures used in the present studies.
Recording event-related brain potentials (ERPs), for example, should allow for a more
detailed analysis of the time course of the cognitive processes involved in naming pictures.
Various components are measured by ERPs, and particularly two could be informative in this
domain. The N200 component is assumed to, amongst others, give an indication of
orthographic word form processing (e.g., Elston-Güttler, Paulmann, & Kotz, 2005) and
response inhibition (e.g., Schmitt, Münte, & Kutas, 2000), while the N400 component is
indicative of lexical-semantic and phonological processes (see, e.g., Ganushchak, Christoffels,
& Schiller, 2011; Kutas & Federmeier, 2000, 2011; Moreno, Rodríguez-Fornells, & Laine,
2008). ERPs could show that processing of cognates, which are assumed to receive activation
from two languages in bilinguals, hence their being named faster, might show a different
pattern of activation than noncognates. More specifically, the processing of cognates and
noncognates should begin either at differing points during lexical retrieval or show differing
ERP component amplitudes reflecting processing differences, possibly also driven by the
strong activation of the translation equivalent (Midgley, Holcomb, & Grainger, 2011; see also
Strijkers, Costa, & Thierry, 2010 for an overt picture naming study using EEG). For example,
in a word comprehension study Midgley et al. (2011) specifically tested processing of cognates
and noncognates in the L1 and the L2 of second language learners. They found cognate effects
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in L2 and L1, a result that has so far predominantly been shown in relatively proficient
bilinguals (for word comprehension, Van Hell & Dijkstra, 2002; for word production, Poarch
& Van Hell, 2012 – Chapter 2 this thesis). Their participants also exhibited a smaller N400
amplitude for processing cognates than for noncognates and time course differences for
cognates and noncognates within a language. More specifically, the differences for cognates
vs. noncognates appeared earlier when L1 was involved than when L2 was involved,
corroborating results obtained by Christoffels, Firk, & Schiller (2007). These results indicate
that cognate status has an effect during the early stages of lexical access (see, e.g., Strijkers et
al., 2010), a finding that could possibly be further explored with children, given their slower
lexical retrieval, instead of adults in a word production study. This may also provide new
insights into the differences between the processing of cognates in L1 versus that in L2,
depending also on L2 proficiency and L2 exposure (as borne out in the study reported in
Chapter 2 of this thesis), and may help establish the locus of the cognate effect in language
production, which so far has been elusive in behavioral studies.
Furthermore, lexical and conceptual processing in L1 and L2 could be explored more
in depth through ERPs (see, e.g., Moreno et al., 2008; Osterhout, McLaughlin, Pitkänen,
Frenck-Mestre, & Molinaro, 2006; for a recent review of ERP and behavioral studies on
mapping of words to concepts in bilinguals, see Van Hell & Kroll, in press). In addition to the
behavioral measures used in the study reported in Chapter 4 of this thesis, ERPs offer a more
sensitive measure of the time course of language processing, and could thus provide a valuable
means to address the question how initial word-to-concept mapping changes over time in
child L2 learners. This may also shed new light on the so far mixed results in translation
recognition studies, results obtained mostly in studies conducted with adult L2 learners. The
N400 ERP component, in particular, has been of interest in translation recognition studies,
the findings of which indicate significant differences in N400 peak latencies and amplitudes
between bilinguals and monolinguals and between the directions of translation in bilinguals.
More specifically, the N400 component should show modulation in response to, e.g., word
form distractors, to semantic distractors, or to translation direction depending on whether the
L2 learners are able to access their concepts from the L2 or not (for studies with adults, see
Guo, Misra, Tam, & Kroll, 2012; Palmer, Van Hooff, & Havelka, 2008; Thierry & Wu, 2004,
2007). There is to date only one study that has addressed this question in child classroom L2
learners (Brenders, Van Hell, & Dijkstra, in revision), the results of which indicate the
activation of both lexical and conceptual codes during the time course of translation
recognition. Critically, the authors not only combined word form and semantic distractor
pairs in their experimental set-up to assess the strength of word-to-concept mapping but also
contrasted two group of beginning L2 learners with differing lengths of language learning
experience. As such, this could be a promising direction of research in the future: including
several groups of L2 learners with varying extents of L2 language exposure through similar
classroom instruction and using both translation recognition and forward and backward
translation production (as reported in Chapter 4) in an attempt to trace the possibly more

142

CHAPTER 6

subtle changes in the development of word-to-concept mappings over time and with differing
task demands induced by translation recognition or translation production.
As mentioned above (see Summary section), in translation recognition, by nature a
perceptual task, there is no need to give a verbal response, and as such this task may not
involve cognitive resources in beginning L2 learners’ as heavily as translation production
does, which requires a verbal response in addition to lexical access and retrieval. The differing
cognitive loads triggered by translation recognition and translation production may lead to
differing paths of mediation in beginning L2 learners. Meuter (2009) also highlights the need
for an extension of ERP research “with greater and consistent use of experimental paradigms
that allow for neurolinguistic verification of the independent contribution of task demands
[...] on lexical selection” (p. 9). Overall, ERP studies may offer valuable evidence for neural
processes in L2 learners that go beyond the behavioral measures classically used in second
language acquisition and bilingualism research, and may allow the “investigation of the
temporal flow and scalp distribution of well-established behavioral effects (e.g., semantic
interference)” (Ganushchak et al. 2011, p. 5).
ERPs would also be an avenue of research in cognitive control tasks such the Simon
task and the Attentional Networks Task (ANT) (see, e.g., Leuthold, 2011). For example, the
N200 component has been identified as indicating response inhibition (e.g., Pfefferbaum,
Ford, Weller, & Kopell, 1985) and response conflict (e.g., Nieuwenhuis, Yeung, Van der
Wildenberg, & Ridderinkhof, 2003; Yeung, Botvinick, & Cohen, 2003); the P300 component is
assumed to indicate stimulus evaluation and response selection (Leuthold, 2011). Both
components may offer a more fine-grained analysis of the differences we found between
bilinguals, trilinguals, and monolinguals. We assume that the components mentioned above
would be differentially modulated in the groups we tested – the N200, for example, should
show smaller amplitude modulation for the bilinguals and trilinguals if they are less affected
by the response conflict inherent in the tasks. We interpreted the performance of the L2
learners, whose performance was “in between” the other groups of children, as having not yet
profited sufficiently from the language control they needed to exert to catch up with the
bilinguals and trilinguals. ERPs may offer a more sensitive measure to interpret the L2 learner
data and possibly catch more subtle differences between the groups, differences that may have
remain undetected in the less sensitive behavioral measures used so far.
Another interesting line of research could be to focus on how long and how often
control of two languages needs to be exerted to incur advantages over monolinguals (see
Bialystok & Barac, 2012, for the influence of the duration of bilingualism on executive
control). For example, tracing the development of cognitive control in immersed L2 learners
over time could deliver a clearer picture of the trajectory of the incurred advantages. This
could also be informative in research on early bilinguals, who do not always have similar
quantities of exposure to their two languages and may differ in their intentional and
unintentional switching frequencies between two languages. Festman and Münte (2012)
recently found that Russian-German adult bilinguals’ unintentional language switching
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behavior had an effect on their performance in cognitive control tasks. Those bilinguals who
displayed fewer unintentional switches had a more efficient self-monitoring system and
enhanced cognitive control compared to bilinguals who unintentionally switched more often
to the other language. Thus, switching behavior differences may have a modulating effect on
general cognitive control driven by the amounts of language control speakers need to exhibit
and actually do exhibit. This may make differentiation within bilingual populations necessary.
Future research could also focus on comparing participant groups that have been
taught English lessons in a comparable manner but with different lengths of exposure. Not
only would this allow tracing the developmental trajectory of word-to-concept mappings in
young L2 learners, it would also enable researchers to explore the dynamic nature of this
process and should yield valuable insights onto the processing of multiple languages in
children. While the study reported in Chapter 4 does offer valuable results from young
beginning L1 Dutch – L2 learners of English, these children had had prior exposure to English
in their environment through the media, and in this respect they cannot be considered as
purely beginning L2 learners.
More generally, future research should aim at determining in what way L2 proficiency,
length and recency of immersion, and age of acquisition (AoA) interact and are decisive in
exerting influence on cross-language activation and bidirectional permeability during word
processing. In research so far, L2 proficiency and differences in age of L2 acquisition are often
confounded. It should thus be informative to tease apart the effects of variations in L2
proficiency and differences in the age of L2 acquisition on patterns in bilinguals’ lexical access
and lexical-semantic processing (cf. Van Hell & Tanner, 2012). For example, Wartenburger et
al. (2003) indicate that the level of L2 proficiency influenced the neuronal correlates of lexicalsemantic processing, while AoA influenced the neural substrates of grammatical processing, a
view that recent research has converged on: While L2 proficiency seems more important for
lexical access and lexical-semantic processing, age of acquisition seems to have more influence
on L2 grammatical processing (see, e.g., review by Hernandez & Li, 2007).
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Conclusion

The goal of this thesis was to investigate cross-language activation and cognitive
control in various groups of multilinguals who differed in nonnative language proficiencies
and language learning backgrounds, and to explore word representation and processing in
children who were beginning second language learners. In particular, the additional focus on
second language learners and trilinguals extended earlier research based extensively on
comparing bilinguals and monolinguals. The findings reported in this thesis indicate that
bilingual and trilingual children as well as bilingual adults who had not grown up bilingually
show bidirectional cross-language activation, in that their stronger language had an effect on
their weaker language and, critically, the weaker also on the stronger language. This contrasts
the performance of child second language learners who had been bilingually immersed for 1.5
years. They showed unidirectional cross-language activation of their stronger on the weaker
language, indicating an asymmetry in activation between the two languages that did not allow
bidirectional activation to emerge. Furthermore, the thesis has offered evidence that bilingual
and trilingual children profit from their multilingualism in form of enhanced cognitive
control when contrasted with monolinguals. The performance of second language learners
with limited exposure to their second language indicates that a specific threshold in L2
exposure and usage needs to be reached before fully accruing the cognitive control advantages
found in multilinguals. Finally, depending on the translation task to perform, second language
learners are able to exploit the L2 word-to-concept route even in the beginning stages of L2
acquisition. As such, this thesis extends previous research on multilingual children and adults
and can constitute a valuable starting point for future exploration of cognitive processes
involved in speakers of multiple languages.
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De centrale onderwerpen van dit proefschrift zijn tussentaalinteractie,
woordrepresentatie en –verwerking, en cognitieve controle bij meertaligen. Eerder onderzoek
op dit gebied richtte zich voornamelijk op tweetaligen en vaak ook op volwassenen (zie
bijvoorbeeld Bialystok, 2009; Costa, 2005; Kroll, Bobb, & Wodniecka, 2006). Het doel van het
huidige proefschriftonderzoek was om nieuwe groepen sprekers met specifieke
taalachtergronden te onderzoeken, namelijk kinderen die een tweede taal leren en kinderen
die meertalig opgevoed worden. Deze kinderen vormen een groeiende groep, en het is
daarom belangrijk dat psycholinguïstisch onderzoek en theoretische modellen op het gebied
van de cognitieve processen van meertaligheid niet alleen gebaseerd zijn op tweetalige
volwassenen, maar ook op kinderen die twee of meer talen leren. Met deze focus op een
andere groep proefpersonen kan niet alleen de empirische basis van eerder onderzoek
aangevuld worden, maar biedt ook unieke en vernieuwende inzichten in de verwerking van
meerdere talen en de mogelijke consequenties hiervan, voornamelijk vanuit een cognitief
psycholinguïstisch perspectief.
Ten eerste werden één-, twee-, en drietalige kinderen in de loop van hun
taalontwikkeling onderzocht, alsmede kinderen die een tweede taal aan het leren zijn. Van de
drietalige kinderen en de tweede-taalleerders werd verwacht dat de mate van
tussentaalinteractie tijdens taalproductie en (dus ook) cognitieve controle anders is dan bij
tweetaligen en ééntaligen. Deze hypotheses werden getest in een serie experimenten waarin
geïsoleerde woordproductie en cognitieve controle werden getest (hoofdstukken 2
respectievelijk 5). Ten tweede werden volwassen drietaligen onderzocht die verschilden in
aanvangsleeftijd en lengte / duur van drietaligheid. De vraag was hier hoe de verschillende
talen zouden interacteren tijdens spraakproductie in de tweede en derde taal. Dit werd
onderzocht door deze personen plaatjes-benoemtaken te laten uitvoeren in zowel hun tweede
als derde taal (Hoofdstuk 3). Als laatste werden Nederlandse kinderen onderzocht die Engels
leerden als tweede taal. Deze kinderen voerden woordherkenning- en vertaaltaken uit, die
inzicht bieden op het gebied van lexicale representaties en woord-concept relaties in het
mentale lexicon tijdens de vroege stadia van tweedetaalverwerving (Hoofdstuk 4).
Hieronder volgt een beknopte samenvatting van de empirische studies die
gerapporteerd zijn in dit proefschrift en een overzicht van de belangrijkste bevindingen.
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Samenvatting van de empirische studies in dit proefschrift
In hoofdstuk 2 wordt een plaatjesbenoem-experiment beschreven, waarin lexicale
tussentaalactivatie werd onderzocht bij kinderen en volwassenen. Een belangrijke vraag op
het gebied van lexicale toegang bij tweetaligen is of de talen van tweetaligen tegelijkertijd
actief zijn tijdens het ophalen van woorden uit het mentale lexicon. Hierbij worden vaak twee
hypotheses tegenover elkaar gesteld: taalselectieve lexicale toegang versus taalnonselectieve
lexicale toegang (zie bijvoorbeeld, Bloem & La Heij, 2003; Colomé, 2001; Costa, Caramazza,
& Sebastián-Gallés, 2000; Costa, Miozzo, & Caramazza, 1999; Hermans, Bongaerts, De Bot, &
Schreuder, 1998).
De plaatjesbenoemtaak is een veelgebruikte techniek om deze hypotheses over
tweetalige lexicale toegang te testen. In een plaatjesbenoemtaak moeten proefpersonen zo
snel en accuraat mogelijk plaatjes benoemen. Deze taak meet een centraal proces van
taalproductie, namelijk het ophalen van woorden uit het mentale lexicon. Door gebruik te
maken van plaatjes met cognaatnamen tussen twee specifieke talen (bijvoorbeeld DuitsEngels Anker – anchor) en plaatjes met niet-cognaatnamen (bijvoorbeeld Fenster – window)
en vervolgens het verschil in benoemtijden tussen deze twee typen plaatjes te meten, is het
mogelijk om te bepalen of sprekers hun beide talen, of slechts één taal, activeren tijdens het
ophalen van woorden. Als het benoemen van cognaatplaatjes sneller gaat dan het benoemen
van niet-cognaatplaatjes betekent dit dat beide talen actief zijn op het niveau van fonologie
(cognaten zijn immers fonologisch overlappend tussen talen), wat het benoemen van
cognaten faciliteert (Costa et al., 2000). Een dergelijk cognaatfacilitatie-effect is eerder
gevonden bij volwassen tweetaligen met verschillende niveaus van taalvaardigheid, hoewel uit
deze studies ook is gebleken dat het cognaateffect gemoduleerd kan worden door relatieve
taalvaardigheid in de moedertaal en de tweede taal en taalachtergrond (leeftijd waarop de taal
werd geleerd, alsmede recentheid, lengte en kwantiteit van blootstelling). Zie bijvoorbeeld
Kroll et al. (2006) voor een overzicht van empirisch bewijs op dit gebied.
Eerdere studies naar lexicale toegang bij tweetaligen zijn gebaseerd op taalproductie
door volwassenen. Het doel van de studie in hoofdstuk 2 was om meer inzicht te krijgen in
lexicale toegang tijdens woordproductie bij jonge kinderen. Er werden vier groepen jonge
kinderen getest (tussen 5-8 jaar), die verschilden in taalleerachtergrond en in hun
bekwaamheid in de niet-moedertaal: Duitse kinderen die Engels leerden (Experiment 2.1),
Duits-Engels tweetaligen (Experiment 2.2), Duits-Engels-Taal-X drietaligen (Experiment
2.3), en Duitse ééntaligen (Experiment 2.4). De resultaten van de kinderen werden vergeleken
met die van Duits-Engels tweetalige volwassen, die hetzelfde experiment hadden uitgevoerd
(Experiment 2.5). Alle twee- of meertalige groepen proefpersonen voerden een
plaatjesbenoemtaak uit in het Duits en in het Engels (Experiment 2.1, 2.2, 2.3, 2.5); de
ééntalige groep voerde alleen een Duitse plaatjesbenoemtaak uit (Experiment 2.4). De
experimentele manipulatie was of het te benoemen plaatje een cognaat of niet-cognaat tussen
Duits en Engels was (bijvoorbeeld Anker – anchor versus Fenster – window).
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Het is niet vanzelfsprekend dat de geteste kinderen dezelfde resultaten zouden laten
zien als volwassenen. Kinderen zitten immers nog volop in de ontwikkeling van hun eerste en
tweede taal, hebben langzamer toegang tot lexicosemantische informatie en hebben (dus) ook
meer tijd nodig om plaatjes te benoemen. Dit leidt tot twee mogelijke uitkomsten: óf de
kinderen laten weinig of geen tussentaalactivatie zien vanwege een grote mate van verval van
activatie over tijd bij het ophalen van woorden uit het lexicon, óf de langzamere
taalverwerking bij deze kinderen kan er voor zorgen dat er juist meer tijd en gelegenheid is
voor tussentaalactivatie om cognaateffecten teweeg te brengen. Op basis van eerder
onderzoek bij volwassenen (bijv., Costa & Caramazza, 1999, Costa et al., 2000, Kroll et al.,
2000) werd in ieder geval voorspeld dat, áls kinderen inderdaad tussentaalactivatie zouden
laten zien, cognaateffecten groter zouden zijn in hun zwakkere taal en zwakker of afwezig
zouden zijn in hun sterkere taal, afhankelijk van de relatieve taalbekwaamheid in beide talen.
Hetzelfde patroon van cognaateffecten werd verwacht in Experiment 2.5 met volwassen
tweetaligen, aangezien hun taalachtergrond soortgelijk was als die van de tweetaligen in Kroll
et al. (2000).
De tweetalige en drietalige kinderen in Experimenten 2.2 en 2.3 lieten een significant
cognaatfacilitatie-effect zien, zowel in hun tweede als in hun eerste taal, terwijl de kinderen
die een tweede taal leerden (Experiment 2.1) alleen een cognaateffect lieten zien in hun
tweede taal (Engels). Dit betekent dat alleen de dominante eerste taal een effect had op hun
niet-dominante Engels. Een belangrijke bevinding was dat de even oude ééntalige kinderen
die de taak alleen in het Duits uitvoerden (Experiment 2.4) geen cognaateffect lieten zien. Dit
geeft aan dat de resultaten van Experimenten 2.1, 2.2 en 2.3 inderdaad tweetaligheidseffecten
zijn, en niet verklaard kunnen worden door toevallige lexicale effecten in de stimuli. Deze
resultaten laten zien dat bij kinderen die blootgesteld worden aan meerdere talen beide talen
actief zijn tijdens het produceren van woorden, dat deze coactivatie van talen sterker is als de
plaatjes benoemd worden in de zwakkere of niet-dominante taal, en dat relatieve
taalbekwaamheid (dus) een modulerende factor voor tussentaalactivatie is. Het feit dat de
tweede-taalleerders (kinderen met een lagere taalvaardigheid in de tweede taal dan de
tweetaligen en de drietaligen) het cognaatfacilitatie-effect alleen in de tweede taal lieten zien
wordt waarschijnlijk veroorzaakt door de asymmetrie van activatie tussen de twee talen.
Waarschijnlijk was de taalvaardigheid in de tweede taal nog niet hoog genoeg, en daarmee de
fonologische coactivatie nog te gering, om een cognaatfacilitatie-effect te veroorzaken in de
eerste taal. Tezamen laten deze bevindingen zien hoe de integratie van talen bij kinderen een
ontwikkeling vormt die, bij lagere bekwaamheidsniveaus, voor beperkte tussentaalactivatie
zorgt.
De volwassen Duits-Engels tweetaligen in Experiment 2.5 (die allemaal hun tweede
taal na hun tiende levensjaar hebben geleerd) lieten tussentaalactivatie zien in hun tweede taal
en in hun eerste taal, hoewel het effect groter was in hun tweede taal. Deze resultaten zijn
vergelijkbaar met die van Costa et al. (2000) en laten een geleidelijke verschuiving van
tussentaalactivatie zien, van tussentaalactivatie die uitsluitend gevonden wordt in de tweede

NEDERLANDSE SAMENVATTING

153

taal bij sprekers die minder bekwaam zijn in hun tweede taal tot tussentaalactivatie in zowel
de eerste als de tweede taal bij zeer bekwame tweetaligen. Dit wordt primair beïnvloed door
recentheid, lengte en kwantiteit van de blootstelling aan beide talen. De leeftijd waarop de taal
werd geleerd lijkt een minder grote invloed te hebben dan eerder aangenomen. Vergeleken
met de zweer bekwame (vroege) tweetaligen in Costa et al. (2000) en de ongebalanceerde
tweetaligen in Kroll et al. (2000) waren de volwassen Duits-Engels tweetaligen van
Experiment 2.5 late tweede-taalleerlingen met uitgebreide input in hun tweede taal, zeker
toen ze getest werden. Een hoge kwantiteit van blootstelling en de recentheid hiervan lijken
van invloed te zijn op hoe gebalanceerd de talen van deze individuen zijn, en zou
taalverwerking in het algemeen, en tussentaalactivatie in het bijzonder, vatbaarder kunnen
maken voor bidirectionele invloeden van taalactivatie.
Het doel van Hoofdstuk 3 was om verder inzicht te krijgen in de vraag of
tussentaalactivatie bij taalproductie beïnvloed wordt door relatieve taalvaardigheid en
ervaring met immersie (‘onderdompeling’ in een taal). Ditmaal werden alleen volwassen
drietaligen getest. Er werd onderzocht of (1) cognaateffecten beïnvloed worden door variaties
in overlap in schrift tussen talen, en (2) of immersie in de derde taal een modulerende factor
van tussentaalactivatie is. Specifiek werd onderzocht of er verschillen zouden zijn in
cognaateffecten tussen drietaligen die ondergedompeld zijn in hun derde taal (immersie),
drietaligen die niet ondergedompeld zijn in hun derde taal, en drietaligen die wel
ondergedompeld zijn in hun derde taal, maar waarbij deze taal een ander schrift heeft dan
Duits en Engels. Hierbij werd ook het bekwaamheidsniveau in de derde taal meegenomen.
Van Hell en Dijkstra (2002) hebben eerder aangetoond dat Nederlands-Engels-Frans
drietaligen pas tussentaalactivatie laten zien boven een bepaald taalvaardigheidsniveau in de
drie talen. Bekwame drietaligen in Nederlands-Engels-Duits lieten zien dat alle talen
geactiveerd waren bij woordherkenning (Lemhöfer, Dijkstra, & Michel, 2004). Ook werd
gevonden dat cognaatfacilitatie sterker was voor driedubbele cognaten (Nederlands-EngelsDuits) dan voor dubbele cognaten (Nederlands-Duits). Het cognaateffect kan dus toenemen
over talen in taalbegripstaken als de drietaligen voldoende bekwaam zijn in deze talen.
Wederom werd gebruik gemaakt van een plaatjesbenoemtaak waarin
tussentaalactivatie tijdens spraakproductie werd onderzocht bij drie groepen drietaligen:
Duits-Engels-Nederlandse drietaligen woonachtig in een Nederlandse omgeving, nietondergedompelde Nederlands-Engels-Duits drietaligen, en Russisch-Engels-Duits
tweetaligen woonachtig in een Duitse omgeving. In tegenstelling tot hoofdstuk 2, waar
cognaatstatus tussen de eerste en de tweede taal werd gemanipuleerd, werd nu cognaatstatus
tussen de tweede en de derde taal gemanipuleerd. Daarnaast bestonden de stimuli niet alleen
uit cognaten tussen twee talen en niet-cognaten, maar ook uit driedubbele cognaten.
We vonden cognaatfacilitatie in de identiek-schrift drietaligen tussen alle talen,
hoewel dit werd beïnvloed door immersiestatus en bekwaamheid in de derde taal. Dit
patroon van data in drietaligen is parallel aan eerdere bevindingen bij tweetalige volwassen en
kinderen. Tijdens het plaatjes benoemen in de tweede taal lieten de Duits-Engels-Nederlands
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tweetaligen (Experiment 3.1) cognaatfacilitatie zien met betrekking tot de snelheid en de
accuratesse van het benoemen van de driedubbele cognaten. Tijdens het benoemen in de
derde taal werd cognaatfacilitatie gevonden voor de snelheid waarmee de driedubbele
cognaten werden benoemd, en voor de accuratesse in dubbele en driedubbele cognaten. Dit
effect weerspiegelt een beperkte invloed van de tweede taal (Engels) op woordbenoeming in
de derde taal, mogelijke vanwege het feit dat de derde taal (Nederlands) dagelijks gebruikt
werd, en vanwege de algemeen sterke activatie van de eerste taal (Duits). De NederlandsEngels-Duits drietaligen (Experiment 3.2) lieten echter een beperkte invloed zien van de
derde taal (Duits) en meer invloed van de tweede taal (Engels). In de tweede taal werden
cognaatfacilitatie-effecten alleen gevonden bij driedubbele cognaten, terwijl er in de derde
taal cognaateffecten gevonden werden voor zowel de dubbele als de driedubbele cognaten.
Dit effect werd geïnterpreteerd als een hogere basisactivatie voor de eerste en tweede taal
vergeleken met de derde taal. Hierbij werd aangenomen dat de derde taal minder invloed
heeft omdat proefpersonen niet bekwaam genoeg waren in deze taal. Cruciaal echter was dat
de verschillend-schrift drietaligen van Experiment 3.3 significante cognaateffecten lieten zien
in de driedubbele cognaatplaatjes in beide benoemtalen. Dit liet niet alleen zien dat hun
fonologie van hun eerste taal (Russisch) was geactiveerd, maar ook dat de tweede en derde
taal van deze drietaligen actief waren. Tezamen laten deze resultaten zien dat het gemak van
lexicale toegang tot de tweede en derde taal in drietaligen beïnvloed wordt door immersieervaring in de tweede en/of de derde taal en bekwaamheid in de tweede en derde taal.
Bovendien is het zo dat niet alleen de dominante eerste taal invloed uitoefent (in de vorm van
tussentaalactivatie) op de niet-dominante taal benodigd voor de taak, maar ook dat de tweede
niet-dominante niet-doeltaal dit doet. Dit suggereert dat talen die later geleerd worden ook
met elkaar interacteren. Als laatste bleek dat effecten van driedubbele cognaten groter waren
dan die voor dubbele cognaten bij benoeming in de tweede en derde taal, zelfs als de eerste
taal in een ander schrift is. Dit laatste resultaat is vergelijkbaar met de resultaten van JapansEngels en Spaans-Engels tweetaligen beschreven in Hoshino en Kroll (2008).
In Hoofdstuk 4 werden de voorspellingen van het Revised Hierarchical Model (RHM)
getest door te onderzoeken hoe jonge kinderen nieuwe woorden verbinden met concepten in
de vroege stadia van het leren van een tweede taal. Het RHM voorspelt dat beginnende
tweede-taalleerders in eerste instantie de betekenis van een woordvorm in de tweede taal
achterhalen via een koppeling met het vertaalequivalent uit de eerste taal. Vervolgens wordt
verondersteld dat, met groeiende tweede-taalvaardigheid, de betekenis van het woord in de
tweede taal niet meer via de L1-vertaling wordt achterhaald, maar via een directe ‘mapping’
tussen het woord in de tweede taal en de conceptuele betekenis van het woord. Bewijs
hiervoor werd gegeven door Talamas et al. (1999) die bij een vertaalherkenningstaak vonden
dat beginnende tweede-taalleerders gevoeliger waren voor woordvormafleiders (=
manipulatie van lexicale mediatie) en minder voor woordbetekenisafleiders (= manipulatie
van conceptuele mediatie), terwijl het omgekeerde gold voor meer gevorderde tweedetaalleerders. Dit laat dus zien dat beginnende tweede-taalleerders meer gebruik maken van de
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lexicale mediatieroute (via vertaalequivalent) en gevorderde tweede-taalleerders meer van de
conceptuele mediatieroute (directe mapping tussen woordvorm en concept).
De voorspellingen van het RHM werden getest bij leerlingen van groep 7 die op het
moment van testen acht maanden Engelse lessen hadden gevolgd op school. De kinderen
voerden een vertaalherkenningstaak uit van Engels naar Nederlands (Experiment 4.1) en een
vertaalproductietaak van zowel Engels naar Nederlands als van Nederlands naar Engels
(Experiment 4.2). De vertaalherkenningstaak bestond uit woordparen die correcte
vertalingen van elkaar waren (duck – eend), woordparen die niet correct vertaald waren maar
wel semantisch gerelateerd (duck – gans), en woordparen die ongerelateerd waren (duck –
klant). De resultaten wezen uit dat vertaalherkenningsprestatie langzamer en minder accuraat
was voor semantisch gerelateerde woordparen dan voor ongerelateerde woordparen, wat laat
zien dat de geteste kinderen al gevoelig waren voor woordbetekenissen in het Engels. Deze
bevindingen bevestigen eerdere studies die gedaan waren bij volwassenen (bijvoorbeeld,
Sunderman & Kroll, 2006). In tegenstelling tot eerdere aannames dat semantische
interferentie-effecten alleen zichtbaar zouden zijn bij meer bekwame tweede-taalleerders,
veronderstelden de gegevens van Sunderman en Kroll namelijk dat directe woordconceptverbindingen vrij vroeg worden ontwikkeld tijdens het tweede-taalleerproces. Dit is
later ook aangetoond in studies met kinderen (Comesaña, Perea, Piñeiro, & Fraga, 2009) en
in een ERP-studie met kinderen (Brenders, Van Hell, & Dijkstra, in revisie). In de
vertaalproductietaak (Experiment 4.2) waren kinderen sneller in het vertalen van hun tweede
taal (Engels) naar hun eerste taal (Nederlands) dan andersom. Dit komt overeen met
voorspellingen van het RHM en met resultaten op basis van dezelfde soort taak bij
beginnende volwassen tweede-taalleerders (bijvoorbeeld, Kroll, Michael, Tokowicz, &
Dufour, 2002).
Deze resultaten laten zien dat Nederlandse beginnende tweede-taalleerders in staat
zijn om conceptuele informatie te gebruiken bij het vertalen, maar dat dit mede afhankelijk is
van of de taak taalbegrip (Experiment 4.1) of taalproductie (Experiment 4.2) test en van de
verwerkingseisen van de betreffende taak. Samenvattend kan gesteld worden dat, afhankelijk
van de uit te voeren taak, jonge beginnende tweede-taalleerders in staat zijn om direct
conceptuele informatie te gebruiken bij het verwerken van de tweede taal, wat hiermee het
bewijs gevonden bij volwassen tweede-taalleerders versterkt. Daarnaast lijken de
taakverwerkingseisen van de vertaalherkenningstaak en de vertaalproductietaak
verantwoordelijk voor de route die gebruikt wordt bij het vertaalproces. Vertaalherkenning is
perceptueel van aard en behoeft geen verbale respons. Dit zou minder cognitieve vermogens
kunnen vereisen, wat het mogelijk maakt om direct conceptuele mediatie toe te passen.
Vertaalproductie vereist daarentegen wel een verbale respons, wat het ophalen van lexicale
items uit het lexicon met zich meebrengt, en zodoende mogelijkerwijs een veeleisender taak
is. Ten slotte draagt deze studie bij aan groeiend bewijs dat een verandering in de manier
waarop vreemdetaalonderwijs wordt gegeven mogelijkerwijs ten grondslag zou kunnen
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liggen aan deze bevindingen (zie General Discussion van Hoofdstuk 4 voor een verdere
uitwerking van deze gedachte).
In Hoofdstuk 5 wordt een studie gerapporteerd waarin werd onderzocht of de
noodzaak voor meertalige kinderen om regelmatig aandachtscontrolemechanismes te
activeren tijdens spraakproductie effect heeft op de efficiëntie van hun algemene attentionele
systeem. In deze studie voerden meerdere groepen kinderen met verschillende
taalachtergronden de Simon taak en de Attentional Networks Task (ANT) uit. Beide taken
zijn veelvuldig gebruikt in onderzoek naar executieve functies. De voornaamste vraag was of
kinderen met verschillende taalachtergronden verschillende patronen van resultaten laten
zien in het oplossen van conflicten, het monitoren van taken, en het verleggen van aandacht,
aangezien dit allemaal capaciteiten zijn die gerelateerd zijn aan executieve controle.
Vier groepen kinderen deden de Simon taak, en drie daarvan deden ook de ANT.
Deze kinderen deden ook mee aan de studie beschreven in Hoofdstuk 2. Waar eerder
onderzoek meestal ééntaligen met tweetaligen vergeleek (bijvoorbeeld, Bialystok & Martin,
2004; Bialystok & Viswanathan, 2009; Carlson & Meltzoff, 2008; Martin-Rhee & Bialystok,
2008; Yang, Yang, & Lust, 2011), werden in het huidige onderzoek twee extra groepen
toegevoegd: tweede-taalleerders en drietaligen. Dit stelde ons in staat om, enerzijds, de
ontwikkeling te traceren van het eerder gevonden voordeel van cognitieve controle bij
tweetaligen en, anderzijds, om te kijken of drietaligen, die vanwege hun drie talen een nog
groter beroep doen op hun cognitieve controle mechanismen in het dagelijks leven, een ander
patroon van data zouden laten zien dan tweetaligen. Recent werk van Bialystok (2010, 2011)
heeft een verschuiving voorgesteld waarin de betere cognitieve controle van tweetaligen niet
zozeer uitgelegd wordt via hogere inhibitievermogens bij tweetaligen als wel via een meer
globaal concept van executieve functies, waarbij de executieve controle van tweetaligen
gerelateerd is aan ‘monitoring’ en ‘shifting’. Dit gaat dus verder dan alleen inhibitie en
conflictoplossend vermogen.
In Experiment 5.1 vonden we een verschillend Simon-effect voor de tweetalige en
drietalige kinderen vergeleken met de ééntalige kinderen en de groep tweede-taalleerders. De
twee- en drietalige kinderen hadden significant meer cognitieve controle dan de ééntaligen en
marginaal meer dan de tweede-taalleerders. Dit bevestigt eerder onderzoek bij zowel
kinderen als volwassenen (Bialystok, Craik, Klein, & Viswanathan, 2004; Carlson & Meltzoff,
2008; Costa, Hernández, & Sebastián-Gallés, 2008; Martin-Rhee & Bialystok, 2008), en
suggereert dat de constante cognitieve controle die tweetaligen en drietaligen inzetten tijdens
taalverwerking repercussies heeft voor hun generieke aandachtscontrolemechanismes.
Bovendien, hoewel tweede-taalleerders een voordeel lieten zien ten opzichte van de
ééntaligen en een nadeel ten opzichte van de twee- en drietaligen, bleek dit verschil niet
statistisch significant. Deze resultaten suggereren een geleidelijke toename van
aandachtscontrole bij de tweede-taalleerders, waarbij het niveau van de tweetaligen en
drietaligen echter nog niet bereikt wordt. Er werd hierbij aangenomen dat, in tegenstelling tot
de twee- en drietaligen, de tweede-taalleerders beperkte immersie-ervaring hadden in hun
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tweede taal en een relatief lage bekwaamheid in de tweede taal, en dus mogelijk minder
genoodzaakt waren om hun twee talen constant uit elkaar te houden.
Het resultaat van Experiment 5.2, waarin de ANT werd gebruikt, was vergelijkbaar
met de resultaten van Experiment 5.1: de twee- en drietaligen presteerden beter dan de
tweede-taalleerders. Bovendien waren de twee- en drietaligen significant beter in het
gebruikmaken van oriëntatie-aanwijzingen dan de tweede-taalleerders. Dit laat zien dat het
algemene executieve-controlenetwerk van twee- en drietalige kinderen zich anders heeft
ontwikkeld. Het is aannemelijk dat het dagelijks gebruik van meer dan één taal óf kan leiden
tot hogere vermogens op het gebied van aandacht verleggen, monitoren, en het oplossen van
conflicten bij het reageren op bepaalde stimuli, óf dat dit ervoor zorgt dat de invloed van
irrelevante informatie op de taak verzwakt wordt. Meer specifiek kunnen de bevindingen
geïnterpreteerd worden als een ontwikkelingsfenomeen bij meertalige individuen: hun
verbeterde mechanisme voor cognitieve controle dat nodig is voor hun ontwikkelende
taalsystemen zou verantwoordelijk kunnen zijn voor het conflictoplossend vermogen en de
oriëntatieprestatie in deze taak. Bovendien suggereert het gebrek aan significante verschillen
tussen de twee- en drietaligen in de Simon taak en de ANT dat het dagelijks gebruik van drie
(in plaats van twee) talen geen extra verbeterend effect heeft op attentionele controle. Als
laatste verschilden de groepen niet in algemene reactietijden (Experimenten 5.1 en 5.2), noch
in het alarmeringsnetwerk (Experiment 5.2), wat laat zien dat de taakmonitoringscapaciteit
van kinderen gelijk is voor alle kinderen, ongeacht het aantal talen dat zij uit elkaar moeten
houden (maar zie Videsott, Della Rosa, Wiater, Francheschini, & Abutalebi, 2012 voor
onderzoek waarin verbeterde alarmeringsnetwerken gerapporteerd worden voor tweetalige
kinderen uit Noord-Italië).
De resultaten van Hoofdstuk 5 vormen een substantiële uitbreiding op bestaand
onderzoek naar de effecten van meertaligheid op de prestatie van kinderen en volwassenen in
niet-linguïstische taken die attentionele controle vereisen, doordat niet alleen tweetaligen zijn
vergeleken met eentaligen, maar ook tweede-taalleerders en drietaligen zijn bestudeerd.
Bovendien hebben we nieuw bewijs geleverd waaruit blijkt dat twee- en drietaligen
vergelijkbaar scoren op dergelijke taken, wat suggereert dat het omgaan met twee of drie talen
tegelijkertijd hetzelfde effect op cognitieve controle heeft. Een andere belangrijke bevinding is
dat de prestatie van de tweede-taalleerders suggereert dat er een bepaalde minimum
hoeveelheid aan blootstelling en gebruik van de tweede taal nodig is om tot voordelen in
cognitieve controle te komen.
De resultaten van de verschillende studies die zijn gerapporteerd in dit proefschrift
leiden tot nieuwe inzichten in het verwerken van twee of meer talen bij kinderen en
volwassenen en in cognitieve controle bij kinderen met verschillende taalleerachtergronden
en verschillende niveaus van vaardigheid in de tweede of derde taal. De uitbreiding van
bestaand onderzoek werd onder meer bereikt door niet alleen tweetaligen versus ééntaligen te
onderzoeken, maar ook tweede-taalleerders en drietaligen. De bevindingen van het
proefschrift laten zien dat bidirectionele tussentaalactivatie voorkomt bij tweetalige en
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drietalige kinderen als ook bij tweetalige volwassenen die niet tweetalig opgegroeid zijn: niet
alleen had de sterkere taal invloed op de verwerking van de minder sterke taal, maar ook had
de minder sterke taal invloed op de verwerking van de sterkere taal. Dit staat in contrast met
de prestaties van de jonge tweede-taalleerders die slechts anderhalf jaar waren blootgesteld
aan de tweede taal. Zij lieten alleen unidirectionele tussentaalactivatie zien van de sterkere
naar de minder sterke taal.
Dit proefschrift heeft bovendien bewijs geleverd dat twee- en drietalige kinderen
kunnen profiteren van hun meertaligheid in de vorm van hogere cognitieve controle
vergeleken met ééntaligen. De prestaties van tweede-taalleerders met relatief weinig ervaring
in de tweede taal lieten zien dat een bepaalde drempelhoeveelheid aan blootstelling en
gebruik van de tweede taal vereist is om tot hogere vermogens van cognitieve controle te
komen zoals bij meertaligen gevonden was. Als laatste is gebleken dat, afhankelijk van de
specifieke uit te voeren taak, tweede-taalleerders in staat zijn om directe woord-concept
verbindingen te gebruiken, zelfs in de beginstadia van het tweede-taalleerproces. Aldus breidt
het huidige proefschrift eerder onderzoek bij meertalige kinderen en volwassenen uit en kan
het een waardevol startpunt vormen voor toekomstig onderzoek op het gebied van
taalgebruik en cognitie bij sprekers van meerdere talen.
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