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Introduction

The extent to which the two languages in bilingg@akers or second language learners
are integrated or form separate entities whichirse¥connected forms a longstanding
research issue. The issue revolves around theiguédsiw the languages’ lexicons are
organized, and how (morpho)syntactic and phonoébgiepresentations are organized
in relation to the lexicon(s). Hartsuiker and Piokg (2008) review a number of models
that share the assumption of one mental lexicdoilingual speakers, but differ in the
degree of assumed integration between the languadabnguals, including De Bot's
(1992) and Hartsuiker, Pickering and Veltkamp’sO@0models, both of which address
lexical access and sentence processing in bilisgughe present study focuses
specifically on the organization of phonologicghmesentations in the mental lexicon of

child second language learners. On the basis awatal data, we aim to investigate to
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what extent child and adult listeners of a secarmjliage create two separate sets of
phonological categories for their first and sectamjuage.

It has been a longstanding question whether bitgy(used here in the general
sense of speakers of more than one language) eaelop two phonemic
representations for a single acoustic-phoneticdpseund continuum. This has been
referred to as the question whether bilinguals Fav@ouble phonemic representation’
(e.g., Elman, Diehl & Buchwald, 1977; Flege & Eeffj 1987; Garcia-Sierra, Diehl &
Champlin, 2009; Garcia-Sierra, Ramirez-Esparzaja$tereyra, Siard & Champlin,
2012). Previous reports on this issue, often faxusn variation of a single cue, such as
Voice Onset Time (VOT), have produced rather mixesults. In such experiments
participants were typically asked to categorizemsti from across a phoneme boundary
which differed between languages (e.g., VOT acBsanish and English). Participants
were then presented with these stimuli in differlmguage settings. Some authors
reported shifts in phoneme boundaries (Elman etl&i77; Flege & Eefting, 1987),
suggesting that listeners can indeed treat theimplogical inventories as separate.
Others, however, have failed to find such shiftaré@nhazza, YeAKomshian, Zurif &
Carbone, 1973; Williams, 1977). It has been arguledt differences between
experimental outcomes may often have resulted fidfarences in the extent to which
different experimental procedures (providing larggiacontexts) managed to let

listeners focus on a particular language set (@eBeerra et al., 2009). Moreover,



additional influences from range and phonetic canéffects have also been found to
play a potential role (Bohn & Flege, 1993). Effetttat may be related to range effects
in stimulus continua are context effects. Thafpigceding acoustic stimuli (speech or
non-speech sounds) have been shown to influerecpditeption of subsequent speech
sounds, and it has been argued that these infladraaa a general auditory nature (Holt
& Lotto, 2002; see also Benders, Escudero & SjeP0d,2; Brady & Darwin, 1978;
Holt, 2005; Holt, Lotto & Kluender, 2000 for disa@isn). Despite these various factors
which may influence the results, the conclusiomse® be that bilingual listeners can,
at least to some extent, apply different phonentegoaly boundaries with different
language sets (Elman et al., 1977; Flege & Eeftli98,7).

On the other hand, many studies have shown thaplio@ological systems of two
different languages perceptually interact. For epi@mSebastian-Gallés, Echeverria and
Bosch (2005) asked Catalan-Spanish and Spanista@alalinguals to conduct a

lexical decision task with Catalan words and nomésoin which the Catalan vowel//

was replaced by the Catalan vowel /e/, or viceatefhiey found that Spanish-Catalan
bilinguals did not perform at the same level asa@atSpanish bilinguals, indicating
that the phonological representations of the Spamisninant were not identical to
those of the Catalan-dominant bilinguals. Similagpeximents involving Spanish-
learning, Catalan-learning and bilingual childrere areported in Ramon-Casas,

Swingley and Sebastian-Gallés (2009) and suppoe dbbservation that even



simultaneous bilinguals do not treat the two lamggsain the same way as monolingual
native speakers do.

Summarizing, then, it seems that bilingual listendo not fully rely on a single
phoneme set for separate languages, while at the sme the phonemic inventories of
different languages are not completely independgher. In the current paper we focus
on the developmental aspects of this phenomendhercontext of second language
learning: to what extent do young second languagmeérs apply different criteria when
judging the pronunciation of words in their fir@utch) versus their second language
(English)?

To answer this question we tested a group of 1§eE2-old monolingual Dutch
children who have had informal exposure to Engliehough media), but who have had
no or only minimal content-based English instructio school. While native and non-
native perception by infants has been examined liarge number of recent studies
(Bosch & Ramon-Casas, 2011; Kuhl, Stevens, Hay&stguchi, Kiritani & Iverson,
2006; Polka, Rvachew & Molnar, 2008), studies orstfiand second language
perception of school-age children are rare (exoeptare Flege & Eeftink, 1986; Hazan
& Barrett, 2000; Johnson, 2000; Parnell & Amerma@78; Simon, Sjerps & Fikkert,
2013; Walley & Flege, 1999; see Simon et al., 2fait3a discussion). The current study
adds to the growing body of literature aimed atagxiing our knowledge on this

relatively understudied area.



The study consisted of two cross-language mispraatioan detection tasks, in which
L2 vowels were inserted in L1 words (Experimentdnd vice versa (Experiment 2).
This approach allowed for testing the specificity phhonological representations in
English and Dutch while fully immersing the listemén a particular language setting
(listening to Dutch words: Experiment 1; listenitay English words: Experiment 2).
This type of task is likely to be easier for youpgrticipants when compared to
phoneme categorization tasks, because the latteamtt some meta-awareness of
phoneme categories, as participants then have tchntlze auditory stimuli to abstract
phonological categories. Furthermore, the mispromation detection task prevents the
influence of range effects that have been foundiffect previous investigations in
cross-language phoneme boundaries (Garcia-Sierral.et2009). In the present
investigation, we tested the same 9-12-year-oldcidspeaking children tested in
Simon et al. (2013). The children had not had angligh classes, but had a basic
English vocabulary through contact with English medsee Participants section
below). Simon et al. (2013) examined the phonolgrepresentations of vowels in
children’s L1 and L2 lexicon by means of two migmraciation tasks involving L1 and
L2 words in which the vowels were replaced by othawels from the same language
(i.e., Dutch words in which, sometimes, a vowel wgdaced by another Dutch vowel,
and in another experiment, English words in whichoael was replaced by another

English vowel). The results of the first languagspronunciation task revealed that the



9-12-year-old children had well-developed and deieate phonological

representations of L1 vowels. However, in the LZprnonunciation task, children
accepted significantly more English words in whibk vowel was replaced by another
vowel from English, suggesting that the phonololgiepresentations of L2 vowels were
still under development. Especially for vowel casts which did not occur in the

listeners’ L1, such as the Englistra&/ contrast, which does not exist in Dutch (Dutch
only has ¢/), listeners had underspecified representationsthé current study, we

implemented cross-language changes to more dirgntgstigate the role of the Dutch
phonological system in the formation of Englishresggntations and vice versa.

In a first word-picture verification experiment, ikclien were presented with Dutch
words which were either pronounced with the tardgaatch vowel (‘correct
pronunciations’ or CPs) or with an acoustically iimEnglish vowel inserted in the
Dutch consonantal frame (‘mispronunciations’ or YPhe second experiment was a
mirror of the first, this time with English wordshweh were pronounced correctly or
which were mispronounced with a Dutch vowel. ItIvae examined to what extent
child and adult listeners accepted substitution®wich vowels by English ones, and
vice versa, and which vowel substitutions were ptamk or rejected. Because it is
unclear just how underspecified the English lexiomay be with respect to the use of
Dutch vowels, some replacements involved vowelsciwhiere relatively close in

acoustic-phonetic space whereas others were reliatar.



The first experiment served as a control to tesetivr the children could perform
similarly as the adults in the specific task sgdginMoreover, it can show whether
children have generally less well-developed phonaragegories than adults, and
whether children are equally liberal/conservative adults when performing the
mispronunciation task in their first language. Fbis experiment we predicted that
school-age children have well-developed L1 phonobkigepresentations. They should
be able to indicate correctly pronounced Dutch waad correct and they should also
identify Dutch words in which the vowel was replddgy an incorrect, English vowel

(as in the Dutch worthoom (‘tree’) realized with the English/, as [lam]). However,

since some English phonological categories are gkrse to the Dutch categories we
did not predict that listeners would pick up on ‘alispronunciations’. The children's
performance was compared to that of the adult® edn be expected to have well-
developed L1 categories but are also aware of tigdigh phonology, and would as
such be able to pick up on subtle mispronunciatafnthe Dutch words. We predicted
that the children would make more errors than thdts, because at the age of 10-12
children’'s native phonological system is still urggeng subtle changes (see e.g., Simon

et al. 2013 for discussion).

In Experiment 2, the mispronunciation items wemated by inserting Dutch vowels in
English consonantal frames (as in the English wualdl realized with the Dutch /o/

vowel, as [bol]). The experiment was set up to eddhtiate between two general



hypotheses, both indicating relative differencegswken child and adult second
language learners. The first is that these childdazners will overwhelmingly rely on
their first language phonological system when mteting words in the second
language they are learning. If so, they shouldniokried to reject correctly pronounced
English words if those contain phonological itenattare not present in the children’s
first language phonology, as these instances shdagldrecognized as deviant
pronunciations forms. A second hypothesis, howestates that child L2 learners are in
general more liberal when listening to their L2 rthadults. This hypothesis would
predict that children overwhelmingly and more freqtly than adults accept instances
of L2 English words. This difference between cleldrand adults would hold both for
English words pronounced with the correct phonemwes for those produced with
incorrect phonemes. Critically, only in the secdmgpothesis should children also
generally accept correct pronunciations, and evererso than the adults, to the extent

that those do not perform at ceiling.

For each of the experiments a general analysishefacceptance patterns will be
supplemented with a more in-depth comparison oépiances of specific vowel pairs,

and the reliance of listeners on the first and sddormants and speech sound duration.

Experiment 1. Dutch with English vowel substitutions



Participants

Twenty-five Dutch-speaking children completed thgpeximent. The children’s ages
ranged between 10 and 12, with just one child wdmbieached the age of 12 at the time
of testing. (The data of one participant was didedrbecause the participant did not
complete both experiments). They were recruitedhiee schools in Flanders. The
school heads and teachers reported that none chtligen had any hearing deficits or
learning or concentration difficulties. The childréad had no or minimal (content-
based) instruction in English in school. None o thildren could conduct a basic
conversation in English. All children were intemvied in Dutch on their contact with
English. Only 7 of the 25 children had ever beean English-speaking country (with
stays between 2 days and four weeks) and only drtexpto ever have been in contact
with English-speaking (distant) family or familyidnds. The remaining 21 children

never had contact with English-speaking people.

However, all children reported to sometimes watchglish-spoken television
programmes (mostly with subtitles) and 19 of the&brted to play computer games in
English. As English is pervasive in the media iarelers, all children had a basic
English vocabulary (as was apparent from theirqverince on an English vocabulary
test, see further below). Which varieties of Erglise children were mostly exposed to
is hard to determine. While American English istaiety prominent in pop culture and

many children, when interviewed (in Dutch) on thémglish input, reported to watch



television channels with predominantly American Esigprogrammes, some children
also reported watching popular British English 8lror listening to British singers.
Because of individual preferences, it is likelytthi@e children were exposed to British

and American (or other) varieties of English tdatiént extents.

A control group of sixteen 18-20-year-old adult imat speakers of Dutch also
performed the experiment. The adult participantsev@® or 39 year university students
of English and thus had a high proficiency in Esigli When entering university,
students are expected to have at least level Bh€uintermediate’) for English in the
Common European Framework of Reference for Langudgeores range from Al,
lowest proficiency, to C2, highest proficiency; @eu of Europe, 2013). Although the
adult participants are thus highly proficiency inglish, only one of the 16 students had
spent a longer time (6 months) in an English-spgalkiountry; the remaining 15
students reported not to have been in an Englisalspg country or to have spent only
between one and three weeks there. All participhat$ started learning English in
school at the age of 12 or 13. In Flemish schoal$ aniversities, British English is
generally used as a model, and the participante Wwence presumably most familiar
with this variety of English, although they arecakxposed to American English (and

other varieties of English) through the media.
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Materials

Auditory stimuli. The stimuli were based on 16 monosyllabic Dutchdspm which the
vowel was synthetically replaced either by an Esiglowel, or by another realization
of the target Dutch vowel. The Dutch words and IEhgnon-words on which the
synthetic stimuli were based were produced by aafembilingual Dutch-English
speaker, living in Flanders and dominant in Dutal, with a very high proficiency in
English and speaking and teaching English on g thaisis. The recordings were made
with a Marantz Professional solid state recordevi®20), with a Sony condenser
microphone (ECM-MS907) placed on a stand. All stiruere read and recorded four
times, but only the second repetition was usedttier experiment, except for a few

tokens for which the third repetition led to bettesults.

For each Dutch word four tokens were recordedtl{&)Dutch word itself (e.g. Dutch

dak [dak] ‘roof’), (2) the same consonantal frame but wait English vowel (e.gleck
[dek]), (3) the same consonantal frame with anothegligh vowel (e.gdack [de&k]),

and (4) a repetition of the target Dutch word. Ehé&sur tokens were produced in a
sequence, in order to ensure maximal similaritgitoh pattern and amplitude between
the tokens. In order to facilitate code-switchiray the speaker, Dutch and English
tokens were presented in a different color codéheospeaker and were produced in

carrier phrases (for Dutch: ‘Zeg_opnieuw’; for Bebl ‘Say_again’), with the target

11



word clearly separated from the context, so thatethvas no coarticulation between the
target word and the neighboring words. On the hafsibese recordings, three synthetic
stimuli were produced with the consonantal framehef first repetition of the Dutch

word (e.g. [d_K]), in which two English vowels (e/g/ and £/) and the Dutch vowel
from the second repetition (e.@/) were inserted. Table 1 presents F1, F2 (in 2)ert

and duration (in milliseconds) of each Dutch vowelthe stimuli (words and non-
words) produced by the bilingual Dutch-English $@egrow a), and of each of the two
substituting English vowels produced by the sanmeakgr (rows ¢ and d). In order to
enable a comparison of the vowels in the stimulth® vowels as they are typically
produced in the Dutch speech of the bilingual speake vowels were also measured
in four repetitions of the (existing) Dutch wordeguced by the speaker. These values
are presented in row b. Standard deviations aréged between brackets. (Number of

instances provided in colunih)

PLEASE INSERT TABLE 1 ABOUT HERE

In two tokens in which the vowel was followed bysanorant ¢toel ‘chair’ and tent

‘tent’), the vowel was spliced together with thensmant. Both the aspiration into the

12



vowel in the English tokens and the original vowatation were retained, in order to

keep the vowel sound maximally natural and clodeotw it is normally produced.

The stimuli were organized in three lists in whdifferent words occurred with
their target Dutch vowel and the English vowel simgons. The three lists were
presented with optional breaks in-between andtdras were randomized within each

list. The lists can be found in Appendix A. Tablprasents an example of the stimuli.

PLEASE INSERT TABLE 2 ABOUT HERE

Visual stimuli. All pictures were black-and-white line drawings amere retrieved from

the picture database of the Experimental Psychdlmpartment at Ghent University.
Procedure

Listeners were individually tested in a quiet roomntheir school, with no other person
present besides the experimenter. They were se@atednt of a computer screen and
were presented with a picture of an object followaétér 1500 ms by an audio stimulus.
They were instructed to judge whether the word thegrd was pronounced ‘correctly’
or ‘incorrectly’ and were asked to provide theispense by pressing a blue button
markedjuist (‘right’), or a red button marketbut (‘wrong’) on an RB-730 response

pad. All instructions were provided orally in Dutghior to the experiment and also

13



appeared in written form on the screen at the Imeggnof the experiment. If children

signaled they had understood the task after thteuict®ons, they could start with the
experiment. The first three items were practicaldriwhich were played over the
speakers of the computer. Listeners were askeddasfon the vowel in each word,
ignoring the consonants, and to respond as fasharurately as possible. Stimuli were

presented binaurally over Bose headphones at aottable listening leveDesign

The experiment was supported by SuperLab 4.0.altest with written instructions,

followed by three practice trials. After the praetitrials, three experimental blocks
were presented, with optional breaks in-betweereséhthree blocks corresponded to
the three lists described under ‘Stimuli’. Trialene automatically randomized for each

listener within each block. Each block consistedl6ftrials (4*vowel ¢, a, o, u/).

Within each block, 8 items were presented with dbeect vowel (each vowel twice)
and 8 with an incorrect vowel. Since the numbeexjected ‘correct’ and ‘incorrect’

responses was the same, no filler items were exbert

Results

For the analyses we will report the proportiony#s’ responses. That is, the proportion
of trials where participants indicated that the dgwere pronounced correctly. (Note

that the actual response options were ‘right’ amntbhg’; see Procedure. For clarity’s

14



sake, we refer to the ‘right’ responses as ‘yespomses.) Figure 1 presents the
proportion of ‘yes’ responses to Dutch words thihez contained the correct Dutch
vowels (two leftmost bars: correct pronunciationrsGPs) or English vowels (two
rightmost bars: mispronunciations or MPs). As shawifable 1 and Figure 1, some
Dutch and English vowels are acoustically very Emiand hence it is debatable
whether a Dutch word containing an acousticallyilsiniEnglish vowel should be called
a ‘mispronunciation’. However, we use the terms & MP here to make a clear
distinction between the two types of stimuli: thosentaining a vowel originally
produced in a Dutch word (CP), and those contaiaingwel originally produced in an
English word (MP). In line with this, accepted Cie called ‘correct responses’, while
accepted MPs are referred to as ‘incorrect resgonBata were obtained from the
group of school-age children (black bars, n = 25)he adult students (grey bars, n =
16). The left panel displays proportions ‘yes’ msges, the right panel displays

Reaction Times.

PLEASE INSERT FIGURE 1 ABOUT HERE

The left panel of Figure 1 displays the proportigas’ scores. Repeated measures
ANOVAs were performed on logit transformed datacdh be observed that, overall,

children and adults gave similar proportions ofs’yeesponses: F (1,39) = 0.42,=
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523, np? = 0.011. ‘yes’ responses to correct pronunciati(®Bs, i.e. Dutch words
containing Dutch vowels) were significantly moreeduent than ‘yes’ responses to
mispronunciations (MPs, i.e. Dutch words containiBgglish vowels): F (1,39) =
1191.38,p < 0.001,np?> = 0.968. The high proportions of ‘yes’ responseghe CP
stimuli indicate that the manipulated stimuli, ifmiah the vowels in Dutch words were
replaced by other realizations of the same Dutctvel®, sounded natural to the
listeners, and did not lead to false rejections. iferaction was observed between

Stimulus Language and Age Group: F (1,39) = 0p470.495,2 = 0.012.

The right panel of Figure 1 displays Reaction Tin(ie$s). Analyses were performed
on logit transformed data. Moreover, for each pgréint, those RTs that lay two
standard deviations (sd) above or below their (lagpsformed) means were replaced
with the respective values of two sd away fromrtineean, to avoid missing data. The
panel displays averaged RT data that were backftaned from those LogRT data.
All responses are included (correct and ‘incorreesponses). It can be observed that,
overall, the children responded more slowly thanatults: F (1,39) = 15.5p9,< 0.001,
np?> = 0.285. Furthermore, participants responded nstoevly to words containing
English vowels than to those containing Dutch vewEl (1,39) = 50.42 < 0.001 1,2

= 0.564. No interaction was found between Stimulasguage and Age Group: F

(1,39) < 0.001p = 0.973n,2 < 0.001.
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Table 3 reports the percentages of correct (‘yesponses to words with Dutch vowels

(CPs) per vowel.

PLEASE INSERT TABLE 3 ABOUT HERE

As can be observed in Table 3, scores were weNeal®®% correct for all vowels.

Small differences existed between proportion cérseores between the vowel pairs,
though: F (3,117) = 3.8% = 0.011n,% = 0.09. Overall, adults and children had similar
scores: F (1,39) = 0.09,= 0.761np>= 0.002. A just-significant interaction was found
between Vowel and Age Group: F (3,117) = 2,84 0.041,n,°> = 0.068. Given the

ceiling performance for most participants on allwets (16 out of 25 children and 10
out of 16 adults scored a 100% correct on all fmwels) we did not perform any post-
hoc comparisons among the vowel pairs. Both childred adults received perfect or

near-perfect scores on botlf &and /o/, and only a few CPs involving and /u/ were

incorrectly rejected by the children and adults.

Table 4 presents the results for the MPs involbgch words in which the vowel was

substituted by an English one.

17



PLEASE INSERT TABLE 4 ABOUT HERE

Table 4 displays the proportion of ‘yes’ respon@eesorrectly accepting MPs) for each
of the English substituting vowels. Substantialfed#nces existed between the
proportions of correct responses for the differeotvel target-replacement pairs: F
(7,273) = 190.47p < 0.001n,2 = 0.83. No significant difference was observedveein

the age groups: F (1,39) = 2.36= 0.141,my> = 0.055. No interaction between Age

Groups and Vowel Pair was observed: F (7,273) 4,@.% 0.64np? = 0.0109.

Discussion

The results of the Dutch task, in which words watker pronounced with their correct
Dutch vowels, or in which the vowels were repladsdEnglish ones, revealed that
children and adults behaved very similarly. Theyhbaccepted nearly all correct
pronunciations of Dutch words, indicating that thanipulated stimuli sounded natural.
Furthermore, they performed quite similarly on thaspronounced’ items as well,

accepting on average only 38% (children) and 358ul{s) of the Dutch words in

which the vowel was replaced by an English one.s€éhesults also confirm that the
children did not show a general ‘yes’ bias in tiaisk, since they did not differ from the

adults in their rejection rates.
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With respect to the investigation of specific vowelrs, it can be observed from Table

4 that substitutions of Dutch//by English ¢/ or i/ were frequently accepted by native

Dutch speakers. This effect was strongest for woaigaining substitutions by English

/el, which were judged to be correct in 95% and 94%e tokens by the children and
adults, respectively. The very high acceptance oftsubstitutions of Dutche/ by
English £/ by both children and adults suggests that thexplogical representation for
the vowel ¢/ may be shared in Dutch and English. Furthermsubstitutions of Dutch
/el by English 1/ were accepted less often, namely in 76% of tkerts by the children

and in 63% by the adults. The lower acceptancematg be the result of the learners’

sensitivity to thed/-/1/ contrast from their native language.

With respect to Dutcha/ and the English substituting vowels//and £/, one could

predict that words containing these substitutiormild generally be rejected by the
listeners, since the three vowels seemed to occlgayly separated spaces in the vowel
diagram. Figure 2 presents a vowel plot represgriihand F2 values of the Dutch and
English vowels in the stimuli. (The values are thosported in Table 1.) Axes are mel-
scaled so that distances between items in the gmapbimilar to perceptual distances in

the auditory system.
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PLEASE INSERT FIGURE 2 ABOUT HERE

The proportions of ‘yes’ responses were indeed lemyfor substitutions ofd/ by /x/
and £/ by the children (3 and 4%, respectively), andneneached ceiling for the adults,

who accepted words with these types of substitatini®% of the cases.

For substitutions of Dutch /o/ by Englist/ it was observed that children and adults

behaved very similarly, in that they accepted ttegomity of Dutch words in which /o/

was replaced by English] i.e. in 95% of the tokens by the children an®@% of the

tokens by the adults. By contrast, they rejecteatigiall or all of the replacements by
[u] (1% accepted by the children and 0% by the tafluA Dutch word likeboom

(‘tree’) pronounced as fim] was thus accepted in the majority of tokens,leviiis

realization as [bum] was nearly always rejectedisTlow rejection rate of MPs

involving substitutions of /o/ byoa/ by both adults and children suggests that the
realizations of the English voweld//are acoustically close enough to be considered as
phonetic realizations of the Dutch vowel /o/.

Finally, for substitutions of Dutch /u/ it was fadithat the English voweb] turned out

not to be an acceptable substitution: when a wikethbed (‘hat’) was realized as ft,

it was accepted in only a few cases by both childmed adults. Furthermore, words in
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which Dutch /u/ was replaced by English [u] wereeggted in only 23% and 21% of the

cases by children and adults, respectively.

Based on these data, it seems that the child amitl lesieners made use of spectral and
durational cues to make their phoneme judgments.fdktéer investigated to what

extent listeners based their judgments on F1, [E2damation. Figure 3 displays the use
of these three cues to phoneme identity. For tlus formant values were transformed
to a mel-scale. For each Dutch target categorymikan and standard deviation (sd)
were calculated (see also Figure 2), and for eéiolukis sound, the distance in sd's
from the target mean was calculated for each othhee cues. For F2 and duration the
further away the stimulus is from the target, thgsllikely participants are to say ‘yes’.
This indicates that the listeners made use of tiwsecues in determining category
membership. For example, when the sound /u/ regldck (red symbols) listeners

probably did not use the cues F1 and durationh@léft and rightmost panel these
symbols are placed to the left, i.e., at a smaitagice from the target mean, making
them rather uninformative). However, for F2, thenbpls are placed far to the right,
that is, in terms of F2 the stimulus /u/ differedm the target sound very strongly.
Indeed, both children and adults hardly ever aewkinglish /u/ as an instance of
Dutch /o/. Other distinctive cases can be obsefuedhe use of duration. This effect

seems less strong for F1. This is probably a redutie fact that none of the stimulus

sounds differed in terms of their target F1 to eydaextent. Linear mixed effects
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regression was used to test these effects. A medelfitted to the proportion of ‘yes’
responses, including the main effects of the facfage (children vs. adults coded as -
0.5 v.s 0.5, respectively), and z-transformed waisiof Duration distance, F1 distance
and F2 distance (the distance of a stimulus tddhget, expressed as distance in target
sd away from the target mean). Separate term&iéointeraction between Age and each
of the individual cues were also included. The nhaodeluded random intercepts for
participants (including random slopes for subjemtsthe three cues led to failure to
converge). An effect was observed for the inter¢bpt -2.68, z = 11.8(Qy < 0.001),
indicating that, overall, mispronunciations wer¢egarized as correct less than half of
the time. No main effect was observed for the fiaétge, indicating that the children
and the adults performed the same. Main effecte wbserved for Duration (b = -6.46,
z=-9.71,p< 0.001); F1 (b =-0.82, z = -7.58< 0.001) and F2 (b = -3.66, z = -10.64,
p < 0.001). For each of the cues, the negative bevahows that listeners use that cue to
categorize the phonemes (a negative slope inditaaeshe bigger the distance between
a stimulus and the target, the less likely a pigditt is to say ‘yes’). No interactions

were observed between Age and each of the cues.

PLEASE INSERT FIGURE 3 ABOUT HERE
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To summarize, these data suggest that the listeqgaised a fairly strict criterion for
accepting vowels in an L1 mispronunciation detect&sk, compared to the adults. In
Experiment 2 it was investigated whether this pattevas mirrored in an L2
mispronunciation task, by presenting participantsh wEnglish words containing

English or Dutch vowels.

Experiment 2. English with Dutch vowel substitutions
Participants

In total, 25 children and 16 adults participatedhis experiment. All of the participants

to this experiment also conducted Experiment 1.

Materials

Auditory stimuli. The stimuli were based on 16 monosyllabic Englsirds, which
were at least passively known by the children sihey were selected on the basis of
the results of a receptive vocabulary test in witicidren had to match auditory stimuli
to the corresponding pictures (see Simon et all32@or a detailed description). In
these words the vowel was synthetically replacdteeby a Dutch vowel, or by another
token of the target English vowel. The English veoeshd Dutch non-words on which

the synthetic stimuli were based were producedhleyseame female, bilingual Dutch-
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English speaker who produced the tokens for Expartmi. As in Experiment 1, four
tokens were recorded for each English word: (1)Ehglish word itself (e.g. English

ball [bo:l]), (2) the same consonantal frame but with adhutowel (e.gbool [bo:l]),

(3) the same consonantal frame with another DutslieV (e.g.boel [bul]), and (4) a
repetition of the target English word. The orgatiara of the stimuli and the recording
procedure were the same as in Experiment 1. The Eoglish target vowels in the

present experimentg(], [2], [0], [u]) were used as substituting vowels in Expeninl,
and four of the Dutch substituting vowels]([[a], [0], [u]) were used as target vowels
in Experiment 1. The remaining four Dutch subsitgitvowels (f], [e], [u], [y]) in

Experiment 2 are vowels which are acoustically €lts the English target vowels.
Table 5 presents the English vowels and for eaetel/an the stimuli (English words
and non-words) (row a) the two Dutch substitutingvels with their F1, F2 and
duration values (rows c and d). Again, in ordecampare the target English vowels in
the stimuli to the way these vowels are typicallgduced by the bilingual speaker, the
vowel measurements in eight repetitions of the iEhgxisting words produced by the
speaker are presented in row b. Standard deviati@ms®d on multiple instances of the
same vowel (number of instances provided in coluN)n are provided between

brackets.
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PLEASE INSERT TABLE 5 ABOUT HERE

As the stimuli were produced by a bilingual Dut@ri{ish) English speaker, dominant
in Dutch, one may wonder to what extent the formamd durational values in the
English vowels produced by this speaker are in ii#h values for native British
English reported in the literature. Table 6 presdAl and F2 values of the target
English vowels in the stimuli in Experiment 2, iongparison with formant values
reported in Deterding (1997) for 5 female speal@drSouthern British English, and
Hawkins and Midgely (2005) for 5 male speakers BfiR the age group 50-55, which
was the group closest in age to that of the bilahgpeaker, who was 46 at the time of

the recordings. (No female data are reported mgtudy.)

PLEASE INSERT TABLE 6 ABOUT HERE

Table 6 shows that the formant values of the vowetsiuced by the Dutch-English
speaker are generally similar to those reporteBeterding (1997) and Hawkins and

Midgely (2005).
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As in Experiment 1, the stimuli were organized hnet lists in which different words
occurred with their target English vowel and thetdbuvowel substitutions. The three
lists were presented to the participants with aidoreaks in-between, and the items
were automatically randomized within each list. T$temuli lists can be found in
Appendix B. Table 7 presents an example of the udtinTokens which contain the

English target vowel are in bold.

PLEASE INSERT TABLE 7 ABOUT HERE

Visual stimuli. All pictures were black-and-white line drawings amere retrieved from

the picture database of the Experimental Psychdlmpartment at Ghent University.

Procedure

The procedure was the same as in Experiment 1.child participants conducted
Experiment 2 about 3-4 weeks after Experiment & dtult controls conducted the two
experiments one after another, in the same sessiaich they completed two other
tasks which are not discussed in this paper (beiSseon et al., 2013). All participants
conducted the Dutch experiment before the English ®&efore the Dutch experiment

started, they were told they were later going toadsimilar experiment in English.
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There was an obligatory break between the expetsnesnd the experimenter
completed an English questionnaire asking for bamkyd information together with
the participant after this break, so as to getpghdicipant into an English language
mode before the start of Experiment 2. The datawelected by three experimenters,
who were all native speakers of Dutch with a higbfipiency in English, teaching or

studying English at university. All child data wearallected by the same experimenter.

Design

The experiment was supported by SuperLab 4.0.altest with written instructions,
followed by three practice trials. The design waes same as in Experiment 1: after the
practice trials, three experimental blocks weresemnéed, with optional breaks in-
between. Trials were automatically randomized fackelistener within each block.

Each block consisted of 16 trials (4*vowe] &, o, u/). Within each block, 8 items were

presented with the correct vowel (each vowel twara) 8 with an incorrect vowel. No

fillers were inserted.

Results

As in Experiment 1, we will report the number oé$y responses. ‘Yes’ responses to

English words containing English vowels are congddo be correct (CPs), while ‘yes’
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responses to English words containing Dutch vowetsreferred to as incorrect (MPS).
Figure 5 presents the ‘yes’ responses to Englistdsvthat contained Dutch vowels
(two leftmost bars) or English vowels (two rightrhbars). The black bars represent the
data from the school-age children (n = 25); they gnees those obtained from the adult
students (n = 16). The left panel displays propartf ‘yes’ responses; the right panel

displays the reaction times.

PLEASE INSERT FIGURE 5 ABOUT HERE

It can be observed that, overall, adults gave moreect responses (acceptance of CPs
and rejection of MPs) than children F (1,39) = 5.p4 0.024n,> = 0.124. Correct
responses to CPs (English vowels) were signifigamiore frequent than correct
responses to MPs (Dutch vowels): F (1,39) = 175,0.001,1,> = 0.818. An interaction
was observed between Stimulus Language and AgepGFo(d,39) = 21.1, p < 0.001,
np? = 0.351. Post hoc comparisons show that the effedge is significant for the
Dutch stimuli: F (1,39) = 40.67 < 0.001, ns?2 = 0.51. The effect is not significant for
the English stimuli: F (1,39) = 1.,= 0.262,1,> = 0.032. These findings shows that the

young listeners are more inclined than the adwtadcept Dutch vowels in English
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words as instances of English ones. However, thidreh are not more inclined to

reject English words pronounced with an English @ow

The analysis of the RTs revealed that participaggponded faster to the stimuli
with English vowels: F (1,39) = 4.22, p = 0.04j¢? = 0.098. Adult participants were
found to respond generally faster than children1B9) = 27.98p < 0.001, ny? =
0.418. No significant interaction was observed leemvthe factors Age Group and

Stimulus Language: F (1,39) = 0.2+ 0.893 1% = 0.

A following analysis was carried out to compare ¢iffiects of Experiment 1 to those of
Experiment 2. Across the two experiments the chidwere slightly more likely than
the adults to give ‘yes’ responses: F (1,39) = 436 0.043 1,2 = 0.101. Furthermore,
participants gave overall more ‘yes’ responsesht items in Experiment 1 than in
Experiment 2: F (1,39) = 18.3p,< 0.001, n,? = 0.32. Participants gave overall more
‘yes’ responses to stimuli containing English vasvét (1,39) = 23.0§) < 0.001, np? =
0.372. A just non-significant effect was observed the interaction between Age and
Experiment: F (1,39) = 3.6, = 0.063 1> = 0.086. A significant effect was observed
for the interaction between Age and Stimulus Lagguandicating that children gave
overall more ‘yes’ responses to stimuli containdgtch vowels whereas the pattern
was reversed for the adults: F (1,39) = 12198,0.001np? = 0.25. An interaction was
observed between Experiment and Stimulus Languegfeecting the fact that in

Experiment 1 the items containing Dutch vowels wame often accepted whereas this
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pattern was reversed in the English experimenti,B9) = 839.17p < 0.001, n? =
0.956. Finally, a significant three-way interactias observed between Experiment,
Stimulus Language and Age: F (1,39) = 20{i4, 0.001, np? = 0.341. This interaction
reflects the pattern observed in the previous @ecin Experiment 2, children were
more likely to accept English words with Dutch vdsvéhan the adults. No difference
was observed for the English words containing Ehgdtimuli. This asymmetry was not
present for Experiment 1. Appendix C reports onoatrol experiment to test the
naturalness of the created items, both those froqpeiment 1 and those from
Experiment 2. The results of that experiment shotinred the within language cross-
spliced items (CPs) sounded more natural than thesdanguage cross-spliced items
(MPs). This is not surprising because for the @m# the formant transitions between
the frame and the vowel had to be smaller thanetifos the MPs. However, the
naturalness of the items was equal across the xperienents. The asymmetry reported
above (which was present in Experiment 2 but ndExperiment 1) can thus not result

from differences in cross-splicing quality acrdss éxperiments.

PLEASE INSERT TABLE 8 ABOUT HERE

Table 8 presents the proportion of ‘yes’ resportse€Ps by children and adults per

vowel. An analysis of the participants’ response<Ps per vowel did not reveal an
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overall effect of AgeGroup: F (1,39) = 2.8~ 0.152,n,> = 0.052. However, a just-
nonsignificant effect was observed for the factomél: F (3,117) = 2.15) = 0.098 1,
= 0.052. More importantly, these effects were aquamed by a strong interaction
between the factors Vowel and AgeGroup: F (3,119.82,p < 0.001,1p? = 0.201.

While the children got the lowest performance omglish words with &/, which they

accepted in 81% of the tokens, the adults acceggaduch as 98% of those words. By
contrast, the adults accepted CPs involving Endlisin only 82% of the tokens, which
the children accepted in 93%. These results maynblerstood when considering that,

according to Flege (1997), Englisk//is a ‘new’ vowel for native Dutch listeners,

which in Flege's Speech Learning Model (SLM) isidefl as “a vowel that differs
acoustically and perceptually from the sound(s).inthat most closely resemble(s) it”
(Flege, 1997: 17). As a result, children may bs fasiliar with this non-native vowel
than proficient adults. One could hypothesize swahe children have not created a new

category for Englisha/, but instead use the phonological representatidenglish £/,

which is always realized as][ leading them to rejectd] realizations. For instance, if
they use one phonological categarkfor both Englishd/ and &/, they may expect the
vowel in both English *head’ and ‘hat’ to be realizas §¢], and reject pronunciations of

English ‘hat’ as [ket].
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The reason for the relatively low acceptance r&t€®s involving English /u/ by the
adults can be twofold. First, it can again be &sttito the fronted character of the [u]
produced in the stimuli (see Table 1), in line wahgeneral trend for u-fronting in
English (Hawkins & Midgley, 2005). Especially thduts may still be more familiar
with the traditional back realization of English/,/uand hence prefer non-fronted
realizations. A second explanation can be foundhe listeners’ native language, in
which the rounded back vowel /u/ contrasts with thended front vowel /y/. Dutch
listeners may thus perceive fronted realizationdudfas allophones of their native
category /y/, and more strongly prefer the nontidnversion in English words.
However, this latter explanation does not explai@ difference between the children

and the adults.

PLEASE INSERT TABLE 9 ABOUT HERE

Table 9 displays the proportion of ‘yes’ respongesach of the Dutch substitution
vowels. Substantial differences existed betweenptioportions of ‘yes’ responses for
the different vowel target-replacement pairs: R13) = 23.06p < 0.001np? = 0.372.

Furthermore, the adults performed significantlytérethan the children: F (1,39) =
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38.63,p < 0.001,np?> = 0.498. These effects were accompanied by amaitten

between Vowel Pair and Age Group: F (7,273) = 99350.001 % = 0.193.

Discussion

In the first analysis it was observed that childeea more likely than adults to accept
English words that are pronounced with a Dutch \towgerestingly, they are not in

general more inclined to completely rely on theative phonology, as shown by the
observation that children were not more inclineahtthe adults to reject English words
that contained the correct English vowels. Oneaagplkeculate that the children are just
applying a more liberal criterion in general whedging English words, but this does
not seem to be the case as they numerically rejentee of the correct English words
than the adults. This trend is in line with theadeat the children rely more on their
native phonology. Interestingly, however, this effées especially expressed in their

acceptance of English words that contain Dutch Vvewe

With respect to the individual vowel substitutiorsjbstitutions of &/ by A/ were

rejected most of the time by the children (20% *yesponses) but in all of the cases by
the adults (0% ‘yes’ responses). For both groupedéms that the listeners’ familiarity

with the £/-/1/ contrast from their native language made thersitea to the contrast in

the non-native language. However, substitutionEmjlish £/ by Dutch £/ were also
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frequently rejected by the adults in (with an at¢aepe rate of only 27%). This is

surprising, given the acoustic similarity betweentdh and Englishe/. Figure 4

presents a vowel plot representing F1 and F2 valide®e English and Dutch vowels in

the stimuli. (The values are those reported in & &h)

PLEASE INSERT FIGURE 4 ABOUT HERE

Again, the children accepted more MPs involving lisfgand Dutché/ (in 56% of the

tokens). Apparently, the adults could detect arusito difference between the vowels

that the children did not perceive, or to whichythaere not as sensitive.

For the English words with the target vowel fcontaining Dutchd/ or f/ the adults

accepted very few of the MPs. The children accepterk items, namely 27% and 43%

of the English&/-words containing Dutcha/ and £/, respectively. This again seems to

suggest that some children have (to some externt)created a new phonological

category for the ‘new’ English vowek/, but use a phonological vowel category that is

underspecified and includes phonetic realizatides[E] and [a].

For substitutions of Englisho/ by Dutch /u/ and especially /o/, the data frone th

children showed that, with respect to Englishbeing substituted by Dutch /o/, MPs
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were accepted in 57% of the tokens. Again, thetaddcepted this type of MPs much
less frequently than the children, in only 23% loé tokens. Further, both children and

adults performed at ceiling with respect to Englishwords realized with Dutch /u/;

they were correctly rejected in all of the cases.

For the English words in which target /u/ was repthby Dutch /y/, the adults accepted
lyl- and /u/-substitutions in 17% and 15% of th&etts, respectively. Again, the
children accepted these types of MPs much moreuémty: English /u/ words

containing Dutch /y/ were accepted in 53% of thests, those containing Dutch /u/ in

67%.

In sum, the results of the English task revealed ¢thildren were sufficiently familiar
with the English words and vowels to accept bytfar majority of CPs (89%) and to
reject MPs involving Dutch vowels which are consadgy different from the English

target vowels in acoustic terms (e.g. substitutbro/ by /u/). However, the children
correctly reject MPs involving substitutions ef by /e/ and b/ by /o/ in less than half

of the tokens, confirming the observation thatafvels do not differ greatly in terms of
F1 and especially F2, they are less easily disoatad. Overall, these data show that
children were less sensitive to English phonemiatrests in most of the vowel

contrasts. This means that the overall pattern, revhehildren are specifically
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performing worse than the adults on mispronunangtids not due to the data of any one

specific vowel contrast.

As in the previous section, Figure 6 displays tke af the cues; F1, F2 and Duration.
The picture is less clear than for the previouseexpent. For F2, children seem to
respond ‘yes’ even for stimuli that are quite fiaomf the target. This is for an important
part due to their high acceptance rate of Dutchn/uZnglish words which contain /u/,
despite the fact that English /u/ is relatively famoved from Dutch /u/. The children
thus seem to be less sensitive to the F2 contmatese English target stimuli. Linear
mixed effects regression was used to test theseteffThe same analysis approach was
taken as for Experiment 1. An effect was obsenadtlie intercept, reflecting that,
overall, mispronunciations were accepted less 8@ of the time (b = -2.97, z = -
8.58,p < 0.001). An main effect was observed for Age {188, z = -2.71p = 0.007),
indicating that adults gave overall fewer ‘yes’pesses to these mispronunciations than
children. Main effects were also observed for Dorafb = -6.98, z = -6.0f < 0.001)
and F1 (b =-0.7948, z = -4.040< 0.001). The negative b-values indicate thatssr
all participants, listeners used these cues cdyrexst a larger distance between the
stimulus and the target led to fewer ‘yes’ respendéo significant main effect was
observed for F2 (b = -0.19, z = -1.525 0.130). Significant interactions were observed
between Age and F1 (b =-1.1300, z = -2{8%,0.004), and Age and F2 (b =-0.8193, z

= -3.343,p < 0.001). The negative b-values indicate thatslbpes for the adults were
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steeper, that is, that the adults made signifigamktter use of these two cues than the
children. No such interaction was observed betwigmand Duration (b =-0.6933, z =
-0.301, p = 0.763). Unlike the data for Experiment 1, thessults show that the

children were less able to make use of the availabés than the adults.

PLEASE INSERT FIGURE 6 ABOUT HERE

General discussion

The current study was set up to test the phonabgievelopment of school-age
children in their L2. To this end two experimentsres conducted, in which a group of
10-12-year-old Dutch-speaking children and a cdéngnp@up of adults judged the
pronunciation of L1 Dutch (Experiment 1) and L2 Esty (Experiment 2) words to be
‘correct’ or ‘incorrect’. The words were either pemted with other instances of the
target vowels, or with vowels from the other langgianserted, i.e. English vowels
inserted in Dutch words in Experiment 1 and Dutotwvels inserted in English words in

Experiment 2.

The discussion centers around two topics on whiehréported experiments shed light:
the similarities and differences between school-@gkiren and adults with respect to

the vowel category boundaries in their native aod-native language, and the way in
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which phonological representations are organizedhimm mind of bilingual/second
language speakers.

First, the experiments provided insight into thiéecia native and non-native language
users use to decide on the category membershipafgbogical vowel representations.
With respect to the native language, the resulthefDutch experiment revealed that
children and adults did not differ in their judgnt®n native Dutch words with either
Dutch or English vowels inserted. This suggests 10al2-year-old children have well-
established categories for their native vowels, aodfirms the findings reported in
Simon et al. (2013). Both children and adults wexgy tolerant with respect to certain
vowel substitutions, while they rejected others. é&planation should be sought in the
acoustic (spectral and durational) distance betviieervowels, but also in the location
of phonological boundaries. Both children and alskemed to be sensitive to even

small acoustic differences. For instance, Enghighvas only slightly closer to Dutch /o/

than to Dutch /u/ in terms of F1, F2 and duratiorthe stimuli, yet Dutch /o/-words

realized with Englishd] were accepted in 95% and 96% of the tokens bychildren
and adults, respectively, while Dutch /u/-worddirea with English $] were accepted

in 4% and 2% of the tokens. It should be noted ¢hatie which was not taken into
account in the analysis was liprounding: it is, fostance, possible that stronger

liprounding in Dutch /u/ than in Enlgish//is the explanation for why Dutch /u/-words
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realized with Englishq] were accepted. However, besides acoustic diftagnthe

native phonology also seems to play an importalet irothe setting of vowel category

boundaries. For instance, Duteth was acoustically closer to Englishthan to English
/el in terms of F1 and duration, and only margindlisther away from Englishi// than
from /e/ in terms of F2, yet realizations of Dutca ords with Englishi] were less
often accepted than realizations with English [The native phonology offers an
explanation here: Dutch has a contrast betweenptiumemese/ and i/ so Dutch
listeners map English][realizations to their native Dutcli phoneme and hence reject

Dutch £/-words that are realized with Englisi. [

Whereas children and adults mostly did not diffethwespect to their judgments on
native Dutch words, they did differ in their resgen to English words, and especially
when a native Dutch vowel was inserted. Overalildobn and adults did not differ in
their judgments on English words with English vosyelhich they accepted in by far
the majority of tokens (over 88%). An analysis lo¢ individual vowels revealed that
children and adults differed in their responsesspecific vowels, with children

accepting only 81.3% of correctly pronounced Emglis/-words (compared to 97.9%

accepted by the adults) and adults accepting 08189 of correctly pronounced

English /u/-words (compared to 92.7% accepted leydhildren). It is possible that
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some children, who all had only a basic vocabuiaringlish, had not created a new

category for the English vowek/, which does not occur in Dutch, but instead inee t
vowel fk/ for both Englishd/ and £/, and hence reject Englisi/fwords which were

pronounced correctly. One explanation for the highgection rate of correctly
pronounced English /u/-words by the adults coulddbe to adults’ lower familiarity
with the relatively recent trend to produce /u/ embonted in British English. When the
18-20-year-old adult listeners received their fiostnal instruction in English (i.e. when
they were about 13), the phenomenon of u-frontiry mot have been as common as
now, which would explain why adults but not childneject pronunciations of English
/ul words with a fronted vowel. This interpretatie however, not supported by the
mispronunciation data: the vast majority of Englisitwords that were pronounced
with Dutch /u/ were rejected by the adults (onlyd%es responses), whereas the
children accepted those words much more often (§@9aesponses). It thus seems that
children had a much less well-defined /u/ categar§nglish and accepted more of

those words irrespective of their pronunciation.

In general, the most important differences betwakeliren and adults were observed in
the responses to English words in which a Dutchelovas inserted: the adults rejected
significantly more of these words than the childidfhereas some vowel substitutions

were detected (and rejected) by both groups, sscthe realizations of English/f
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words (like ‘ball’) with Dutch /u/, others were egjted by the adults, but accepted by

the children. One such vowel was Engligfl. /As mentioned above, the adult listeners

had clearly created a new phonological represemttir this vowel, as they rejected all

instances of English words in which target/ /was replaced by Dutche/l Some

children, by contrast, had not (yet) created asgpahonological category for English

/&l and accepted a native Dutch vowel,dr /a/, as a substitution. This shows that for

these children the phonological representatiorth@hative language interfere with the
non-native phonological component. As predictedFlege’s SLM (1997), the results

also confirm that, as proficiency in the non-nati@eguage increases (the adults being
more proficient than the children), the boundafietween phonological categories

become sharper.

With respect to the English experiment, two hyps#sewere formulated. The first
hypothesis stated that children use their Dutchplamical inventory when listening to
English words. The second hypothesis stated thktreh are, in general, more liberal
than adults when they perform a mispronunciatiek ia a second language (note that
Experiment 1 shows that children are not more éibier general, i.e., irrespective of the
language). The results discussed above argue agaimmire version of the first
hypothesis because children did not generally regecrectly pronounced English

words in Experiment 2. The results also argue ayanpure version of the second
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hypothesis as the children were not more liberedsscthe board. In fact, numerically,
they rejected more of the CPs than the adults.usf,sit is most likely that the child
behavior results from a combination of these twpdtlgeses. That is, the children rely
on their native language phonology, but they algplyaless strict criteria in general.
That means that the scores for CPs in Experimeate2not significantly different
between children and adults because a potentiataee in perceived acceptance (due
to the native phonology) is offset by their moreelial strategy. One alternative
explanation may also account for these data. possible that children mostly rely on
their native phonology, but can also recognizeestly pronounced English items. For
the latter they could rely on units of recognititiat are of word sizes (i.e., these words
are not specified for phonemic content but are @atsd with a ‘sound image’). Such
an explanation would be in line with template-basggproaches to phonological
representations, according to which the basic argéional units of children’s early
development are whole words rather than individut@nemes or features (Macken,
1979; Vihman & Croft, 2007). It is hypothesized ttlwa the early stages of learning,
children acquire a limited number of specific wastapes, which then gradually
becomes larger as the learning process goes om@in& Croft, 2007, p. 686). The
data provide support for this hypothesis becauseetivas no significant difference
between performance of the children and the adultshe CPs in Experiment 2 (which

would be based on their recognition of these Ehgh®rds as units), Some specific
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patterns argue against a strong version of thisotmgsis though, such as the
observation that the children rejected more ofNties in Experiment 2 that involved

/&l. Future research should be undertaken to furthestigate this hypothesis. As for

now, the current data provide the strongest supijpora combination of the first and
second hypotheses formulated above: children refyity on their L1 phonology, but

at the same time they tend to accept correctlyquoeed English words.

A second topic on which the experiments shed lighihe organization of phonological
representations in the bilingual mind.As discussethe introduction, most models of
the bilingual mind (De Bot, 1992; Hartsuiker & Pérkhg, 2008) assume language-
nonselective lexical access, with separate syctactl phonological components which
to some extent interact. The present study aimegetdoetter insight in the extent to
which there is interaction between the phonologicahponents of the two languages of
bilingual speakers. The results of the experimeniggest that proficient adult non-
native listeners generally have clearly separag¢sl &f phonological representations for
their two languages. Even for acoustically veryigimvowels, such as Dutch and

English £/, advanced learners seem to have created sepaiad@ological

representations, as evidenced by the adults’ rejecf most English words in which a

Dutch £/ was inserted. For non-proficient child learnéing L1 phonology still exerts a

big influence on the L2 phonology, since they at&amlish words realized with native
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Dutch vowels more frequently than adults. Howetteg, children do seem to be aware
that their second language requires a differeit samtegy: the children applied a less

strict criterion for making their judgments abotitailus quality.

Conclusions

We reported on the phonological development innidt&ve and non-native language of
a group of 10-12-year-old Dutch-speaking childrearhing English, and compared the
children’s development to that of more proficieminmative adults. The aim was to
identify which criteria children used to decide the category membership of native
and non-native vowels, and to get insight into trganization of phonological
representations in the bilingual mind. The resodisfirm those in Simon et al. (2013)
that at that age children have well-establishednplugical vowel categories in their
native language. However, in the non-native languachildren tend to accept
mispronounced items which involve sounds from thetive language. At the same
time, however, they do not seem to fully rely omithnative phonemic inventory

because the children accepted most of the corrpatlyounced English items.
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Table 1. Target Dutch (Du) vowels and English (Esg)stituting vowels.

F1(Hz) F2(Hz) duration (ms) N
a.) target Dud] 503 (26.53 1630.5 (47.3) 75.3 (12.1) 4
b.) Dutch E] 516.5 (34.5) 1639.6 (57.9) 80.5 (13.3) 32
c.) substituting Enge]  677.1 (31.5) 1774.5 (57.9) 116.6 (41.8) 6
d.) substituting Eng]  496.2 (12)  1834.4 (137.1)  80.6 (15) 3
a.) target Du(] 649.4 (11.2) 1264.8 (123.2) 82.7 (7.2) 4
b.) Du [a] 660.7 (40.7) 1238.3(134.5) 80.5(8.9) 36
c.) substituting Enge]  677.1 (31.5) 1774.5 (57.9) 116.6 (41.8) 6
d.)substituting Engaf]  885.8 (23.2) 1599.3 (21.2) 205 (92.3) 3
a.) target Du [o] 385.1(9.2) 870.5 (25.8) 158.4.7) 4
b.) Du [0] 388.0 (14.1) 874.8 (41.9) 162.2 (20.0) 2 3
c.) substituting Engo]  454.6 (28) 806 (66.7) 169.4 (19.6) 6
d.)substituting Eng [u]  350.3 (13.7) 1677.9 (251.6)163 (9.6) 6
a.) target Du [u] 339.2(9.3) 976.5(126.5) 1023.7) 4
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b.) Du [u] 3435 (15.9) 998.8 (118.5)  111.2 (27.8)

c.) substituting Engo]  454.6 (28) 806 (66.7) 169.4 (19.6)

d.)substituting Eng [u] 350.3 (13.7) 1677.9 (251.6)163 (9.6)

32

6

6

a Standard deviations between brackets.
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Table 2. Examples of stimuli in the Dutch experitmen

vowel Dutch word frame  list1 list 2 list 3

Dutch &/ tak (branch)  [t_K]  [tak]® [tek] [teek]
bad (‘bath") [b_t] [baet] [bat] [bet]
dak (‘roof) [d_K]  [dek] [dek]  [dak]
kat (‘cat’) [kt [kat] [kat] [kat]

aStimuli in bold contain the Dutch target vowel.
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Table 3. ‘yes’ responses to Dutch correct pronudimeia by children and adults.

vowel

children (N=25)

adults (N=16)

lel

la/

o/

fu/

147/150 (98%)

150/150 (100%)

148/150 (99%)

141/150 (94%)

90/96 (94%)

95/96 (99%)

96/96 (100%)

94/96 (98%)

total

586/600 (98%)

375/384 (98%)
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Table 4. ‘yes’ responses to Dutch mispronunciatlmnshildren and adults.

target Dutch V substituting English

children (N=25)

adults (N=16)

lal [] 2175 (3%) 0/48 (0%)
[€] 3/75 (4%) 0/48 (0%)
Iel [e] 71/75 (95%) 45]48 (94%)
[1] 57/75 (76%) 30/48 (63%)
Jol [o] 71/75 (95%) 46148 (96%)
[u] 1/75 (1%) 0/48 (0%)
Jul [o] 3/75 (4%) 1/48 (2%)
[u] 17/75 (23%) 10/48 (21%)
total 225/600 (38%)  132/384 (35%)
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Table 5. Target English vowels and their Dutch stligns

F1(Hz) F2(Hz) duration (ms) N
a.) target Enge] 630.1 (32.6) 1850.8 (63.5) 141.5(41.7) 4
b.) Eng E] 641.0 (51.1) 1845.7 (48.5) 140.7 (40.2) 32
c.) substituting Dud] 519 (44.6) 1732.6 (82.2) 88.2 (7) 6
d.) substituting Dui] ~ 408.9 (28.8) 1842.1 (146.4)75 (4.2) 3
a.) target Engd] 870.8 (71.5) 1578.8 (36.1) 155.8 (38.9) 4
b.) Eng [e] 883.9 (58.6) 1578.44 (41.7)139.6 (37.9) 34
c.) substituting Dud] 519 (44.6) 1732.6 (82.2) 88.2 (7) 6
d.) substituting Dud]  624.2 (29)  1166.8 (79.7) 88.6 (8) 3
a.) target Engd] 424.4 (20.6) 828.7 (29.6) 283.8(72.3) 4
b.) Eng p] 427.0 (24.6) 820.3 (45.5) 266.8 (65.2) 33

c.) substituting Du [u] ~ 310.7 (26.1) 879.9 (59.1) 138.6 (19.2) 6

d.) substituting Du [0] ~ 367.1 (12.3) 824 (20) 263.8 (34.2) 3




a.) target Eng [u] 349.3 (18.1) 1736.4 (69.6) 249.9 (89.3)

b.) Eng [u] 346.2 (17.7) 1747.3 (87.6) 247.2 (87.8)

c.) substituting Du [u]  310.7 (26.1) 879.9 (59.1) 138.6 (19.2)

d.) substituting Du[y]  278.9 (32) 1822.2 (101) 183 (25.8)

a Standard deviations between brackets.

51



Table 6. F1 and F2 values of the target Englishelswn Experiment 2, compared with

data reported in Deterding (1997) and Hawkins & ¢y (2005).

Eng. vowels in Deterding (1997)

Hawkins & Midgely

stimuli (2005)
N 1 5 5
sex Female Female male
variety bilingual Dutch- ‘Southern Standard ‘RP’
English speaker British English’
(British English)
F1 F2 F1 F2 F1 F2
[e] 630 1851 705 2052 489 1920
(4,332 (4,64) (62,109) (62,143) (20,39)  (20,116)
[] 871 1579 1017 1799 693 1579
(4,72) (4, 36) (68,90)  (68,126) (20,120) (20,86)
[u] 349 1736 328 1429 283 1112
(4,18) (4,70) (42,33)  (42,159) (20,31) (20,143
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(9] 424 829 387 888 360 604

4,21) (4,300  (55,55) (55,92) (20,47)  (20,80)

a Between brackets the number of realizations df @aavel and — in italics — the

standard deviations.
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Table 7. Examples of stimuli in the English expemn

vowel Englishword frame  list1l list 2 list 3

English 4/  ball [b_]] [bol] [oul] [bol]
four [f_] [fo] [fo] [fu]
door [d_] [du] [do] [do]
fork [f_K] [fok] [fok] [fok]

aStimuli in bold contain the Dutch target vowel.
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Table 8. *Yes’ responses to English correct promatrans by children and adults

vowel children (N=25) adults (N=16)
Il 135/150 (90%) 88/96 (92%)
Il 122/150 (81%) 94/96 (98%)
Iol 135/150 (90%)  96/96 (100%)
fu/ 139/150 (93%) 79/96 (82%)

total 531/600 (89%)  357/384 (93%)




Table 9. *Yes’ responses to English MPs by childrad adults

target English V

substituting Dutch V

children (N532

adults (N=16)

[l

[e]

[a]

32/75 (43%)

20/75 (27%)

0/48 (0%)

2/48 (4%)

lel

[e]

[1]

42175 (56%)

15/75 (20%)

13/48 (27%)

0/48 (0%)

1ol

[o]

[u]

43175 (57%)

0/75 (0%)

37148 (77%)

0/48 (0%)

lu/

[yl

[u]

40175 (53%)

50/75 (67%)

8/48 (17%)

7148 (15%)

total

242/600 (40%)

41/384 (11%)
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Figure captions

Figure 1.Dutch task: Proportion of ‘yes’ responses (leftggaand RTs (measured from

sound onset) with indication of the standard eofdhe mean.

Figure 2. Vowel plot showing F1 and F2 values @&f tdwrget Dutch (solid ellipses, in
grey) and substituting English (dashed ellipseblack) vowels in the stimuli. Ellipses

represent 1 sd away from the mean. Axes are migesca
Figure 3. Cue use in Experiment 1: Dutch targetds@ontaining English vowels.

Figure 4. Vowel plot showing F1 and F2 values @ftidwrget English (dashed ellipses, in
grey) and substituting Dutch (solid ellipses, iadk) vowels in the stimuli. Ellipses

represent 1 sd away from the mean. Axes are mégesca

Figure 5. English task?roportion of ‘yes’ responses (left panel) and Right panel)

with indication of the standard error of the mean.

Figure 6. Cue use in Experiment 2: English targatds containing Dutch vowels.
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Appendix A. Stimuli Experiment 1

Dutch vowel  Dutch word frame  list1 list 2 list 3
lel pet (‘cap’) [P_t]  [pet]? [pet] [pit]
web (‘web') [W_b] [wib] [web] [web]
mes (‘knife") [M_S]  [mes] [mis] [mes]
tent (‘tent’) [tnt]  [tent] [tent] [tent]
lal tak (‘branch’) [t K]  [tak] [tek] [taek]
bad (‘bath’) [b_t]  [bet] [bat] [bed]
dak (‘roof") [d_K]  [dek] [deek] [dak]
kat (‘cat’) [k_t]  [kat] [kat] [kat]
/ol spook ('ghost’)  [sp_K] [spok] [spok] [spuk]
poot (‘paw’) [P_tl  [put] [pot] [pot]
boot (‘boat’) [b_1] [bot] [but] [bot]
noot (‘'nut’) [N_t]  [not] [not] [not]
u/ hoed (‘hat") (h_t]  [hut] [hot] [hut]
stoel (‘chair’) [st_I]  [stul] [stul] [stol]
voet (‘foot’) [v_{] [vot] [vut] [vut]
koe (‘cow’) K1 [ku] [ku] [ku]

aStimuli in bold contain the Dutch target vowel.
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Appendix B. Stimuli Experiment 2

English vowel English word frame list 1 list 2 list 3
lel bed fb_d/ [bed] [bed] [bid]
ten h_nl [tn] [ten] [ten]
neck In_kl'" [nek] [nik] [nek]
pen Ip_n/" [pen] [pen] [pen]
[l cat Ikt [keet] [ket] [kat]
rat Ir_tl [rat] [reet] [ret]
hand /h_nd/" [hend] [hand] [haend]
hat Ih_t/ [het] [heat] [heaet]
Il ball Mo Il [bol] [bul] [bol]
four It/ [fo] [fo] [fu]
door /d_/ [du] [do] [do]
fork kI [fok] [fok] [fok]
lul moon Im_n/" [mun] [mun] [myn]
shoe 51 gy [fu] [fu]
two It/ [tu] [ty] [tu]
fruit Mt [frut] [frut] [frut]

aStimuli in bold contain the English target vowel.
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Appendix C: Control experiment:

For the control experiment subjects rated eacheftems (stimuli used in Experiments
1 and 2) for their naturalness on a scale fronoinfauterized voice) to 6 (human

voice).
Participants

69 participants were tested. These wéfg/@ar university students of English.
Additional demographics were reviewed after theegxpent had taken place. Based on
these the data for 9 participants were discardeduse of the following reasons: mild
hearing impairment (3); bilingual (2); nonnativettiu (4). The experiment was

conducted on a voluntary basis (no compensationpn@sded).
Results

Table C1: Average naturalness ratings of the itesesl in Experiments 1 and 2. All
items were cross-spliced, but for some the vowa was spliced in came from the
same language (Same Language), and constituteoinefitally different instantiation
of the original vowel. For others, the spliced-owel came from the other language

(Different Language).
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Same Language Different Language

Experiment
Dutch (Exp 1) 4.42 (0.67) 3.72 (0.65)
English (Exp 2) 4.39 (0.72) 3.64 (0.71)

A repeated measures ANOVA was performed. The aisalysluded the factors
Experiment (Experiment 1 vs. Experiment 2 mateyialsl Mix (the inserted vowel
stimuli come from the same language as the targedsws. from the other language).
The analysis revealed a main effect for the fabtor: F(1, 85) = 111.21p < 0.001.
This reflects the fact that a cross-language cspéising was more often perceived as
more unnatural. No main effect was found for tre@daExperiment: F (1, 58) = 1.2@2,
= 0.273, nor was there an interaction between Mok Experiment: F(1, 58) = 0.0 =
0.79. The latter effects show that the naturalmesswell-balanced across the two

experiments.
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Figure 1.

Experiment 1: Dutch target words

Experiment 1: Dutch target words (RTs)
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Figure 3

First formant Second formant Duration
e 4 . -
d¢ Target vowels C ] (]

2@ 2@ )
§31 . g 83 1 2 §31 .
g £ 2 g
2 2 2
8o | I o o | : 5 8o | I
2° i %S
g ) >
S+ | b S |
§° §° §°
3 H 5
a a2 a
g N 4 N 4
&o so ao

s1Eu & s Bt u =R g 2

T T T T T T T T T T T T T T T
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Distance in sd from target mean Distance in sd from target mean Distance in sd from target mean

Key: Panels display proportions of ‘yes’ responses (y-axis) against the distance of a stimulus from its
target phoneme (expressed as distance in standard deviations away from the target mean value). Panels
display the distance for F1 (leftmost panel); F2 (middle panel); and duration (rightmost panel). Symbols
are color coded to match the target phoneme (see legend). Large symbols represent the adult data,

small symbols represent the child data.
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Figure4

Experiment 2
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Figure 5.

Experiment 2: English target words
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Figure 6.
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Key: Panels display proportions of ‘yes’ responses (y-axis) against the distance of a stimulus from its
target phoneme (expressed as distance in standard deviations away from the target mean value). Panels
display the distance in F1 (leftmost panel); F2 (middle panel); and duration (rightmost panel). Symbols
are color coded to match the target phoneme (see legend). Large symbols represent adult data, small

symbols represent child data.

70



