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Thequestionthatis addresseéh the currentstudyis whetherthis earlyforeign-language
educationhasapositiveinfluenceon children'sL2 speectsoundperception We investigate
whetherchildrenwho receivethis kind of educationareindeedbetterablethan mainstream
pupilsto discriminateEnglishphoneticcontrastshat areknown to bedifficult to acquirefor
Dutch L1 speakerdn addition, weexaminewhethertheycando soaswellashilingual chil-
dren,thatis childrenwho aregrowingup with both Dutch and Englishastheir native
languages.

Foreign speech perception

Initially, infantscanperceivephoneticcontrastsof all languagesyut within thefirst yearof life
thatability diminisheswhile their perceptionbecomesttunedto theL1. Recenevidence
showsghatinfantsalreadyhaverobustknowledgeaboutthe soundsof their L1 by the ageof
threemonths[5]. Around the ageof sixmonthsold, infantsbecomemore sensitiveto con-
trastsin their nativelanguage(sandlosetheir ability to perceivesomeof the vowelcontrasts
of foreignlanguagefs]. For consonantsthis happensaroundthe ageof elevermonths|6,7].
Infantsseeminglyeffortlesslytearnthe phoneticcontrastsof the languageheyhear[6], andif
theyreceivenput in two languagegheywill learnthe contrastf both languagef3+12].This
doeshowevernot meanthatinfantsimmediatelycategorizeall soundsof their nativelan-
guage(storrectly.Researchvith monolingualEnglishchildren hasshownthat five-year-olds
aremorelikely than nine-year-oldgo categorizea foreignvowelasanativeone,andthat both
groupsarelessconsistenthanadultsin categorizingnativeand non-nativevowelq13]. As
theygrowolder,monolingualchildrenbecomencreasinglyconsistenin phonemiccategori-
zation,but evenatthe ageof 12their performances not adult-like[14].

It ismuchmoredifficult to learnto perceivethe speecttontrastsof aforeignlanguageata
laterage(for reviewssed15+17]).For examplepreviousresearchhasshownthat, notoriously,
adultJapaneskearnersof Englishhavedifficulty distinguishingbetweenr/ and/I/ [18+20],
andDutch learnersof English,despitehigh proficiencyin EnglishasanL2,arenot asgoodas
nativeEnglishspeakeri perceivingthe differencebetweens/ and/fi/ [21].

Childrenarebetterablethanadultsto learnforeignspeectsoundq19,22+24]For example,
Tsukadeetal.[22] comparedEnglishspeeclperceptionabilitiesof Koreanadultsandchildren
betweert and17yearsold, who hadlivedin Americafor eitherthreeor five yearsAfter three
yearsof residencethe children'sdiscrimination abilitieswerealreadysignificantlybetterthan
theadults'.Adults' ability to discriminatebetweerEnglishcontrastadid not differ betweerthe
groupsthathadbeenin Americafor ashorteror longertime. Childrenwho hadresidedn
Americafor five yearawveresignificantlybetterableto discriminateEnglishspeecltontrasts
thanthosewhobeenin Americafor threeyearshoweverresultingin anevengreaterdiffer-
encebetweertheadultandchild groupwhencomparingthe groupswho hadresidedn Amer-
icafor fiveyears.

Asthechildrenin the previousstudyhadextensiveexposurdo the newlanguagethe ques-
tion remainswhetherchildrenarealsoableto learnphoneticcontrastf aforeignlanguage
thattheylearnin amoreformal setting,suchasin schoolMcCarthy,Mahon,Rosenand
Evang25] investigatedour-year-oldSylheti-Englistsequentiabilingual children'sperception
of the Englishvoicingcontrastin plosivesvhentheywerein kindergartenandagainoneyear
later.Beforeenteringkindergarten childrenwereexposedo Englishlesshan 20%o0f the
time. In kindergartenthe sequentiabilingual childrenwerenot asproficientastheir English
monolingualpeersn differentiatingbetweenvoicedandvoicelesplosivesAfter oneyear,
howevertheir performancehadsignificantlyimprovedand matchedthat of the monolingual
group.In contrastastudywith 11-year-oldTurkish-Germansequentiabilingualswho had
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beenimmersedn aGermanenvironmentfrom beforethe ageof four showedhattheir per-
ceptionof Germanvowelswvassignificantlypoorerthanthat of Germanmonolingualchildren
[26]. Unlike the bilingual childrenin the McCarthyetal.[25] study,whowereeducatedn a
monolingualprogrammethe Turkish-Germanchildrenwereeducatedn a German-Turkish
bilingual programme Theythusreceivedessnput in their L2 thanthe Sylheti-Englistchil-
dren,but wereexposedo it from anearlierage.

In both studieq25,26],childrenwereimmersedn their L2 at school either50or 100%of
thetime. Suchextensive.2 exposuras muchmorethanthe amountof exposurefferedin
foreignlanguagerogrammesat school suchasthe onesgainingin popularityin mostcoun-
triesin continentalEurope jincluding the Netherland43]. Nowadaysalmostonein five
Dutch schoolsstarttheir Englishlessondrom the momentchildrenenterprimary schoolat
the ageof four. Thelegallyobligatoryonsetof Englisheducationhoweverjs not until the
penultimateyear,whenchildrenareapproximatelytenyearsold [4]. Aschildrenin the Neth-
erlandsreceiveon averag&0minutesof Englishlessonperweek early-Englistpupilsleave
primary schoolafter320hoursof Englisheducation asopposedo 60hours(45minutesper
week)for pupilswho startin the penultimategrade(at ageten) [27]. Theideabehindearly-
Englisheducationis thatit will benefitpupils' Englishproficiencymorethan mainstream
Englishlessonshut not atthe expens®f Dutch. Previougesearchn the Netherlandshas
indeedshownbeneficiakeffectsof early-Englistprogrammedor pupils' Englishvocabulary
[28+30],grammar[28], readingandwriting abilities[31], andword pronunciation[32].
Researclon Dutch early-Englishpupils' abilitiesto perceiveEnglishspeecltontrastshow-
ever,snot yetavailable.

Internationalresearcton early-Englistpupils' perceptionof Englishcontrastds scarce,
too.Jostetal.[33] investigatedBwiss-Germaghildren'sresponseto the Englishcontrast
It/-18/: oncebeforestartingEnglishlessonsandonceayearlater,afterhavingreceivedne
andahalfhoursof Englishlessonperweek.Children showeda significantincreasen accu-
racyin discriminatingbetweert/ and/6/ afteroneyearof Englishinstruction.

With respecto the Dutch situation,pupilsnecessarilgncounterunfamiliar soundcon-
traststhattheyhaveto learnto distinguish.Neverthelesgjuring Englishlessonsiot much
attentionseemso begivento the perceptionof theseunfamiliar speectsoundsThe goalsfor
Englisheducationfocuson understandingspokenandwritten Englishtexts,andbeingable
(andconfident)to communicatan English[34]. Consequentlythe goalof Englishlessonsn
Dutch educationis mainly oral proficiency,and especiallgpeakinglistening,andvocabulary
developmen{35]. Activitiesfor youngpupilsareaimedatlearningEnglishin aplayfulway,
for exampleby the meansof songsandstories For older pupils,from gradefive onwards(8-
9-year-olds)contentlearningandlanguagdearningareintegratedand Englishis usedasthe
languagef communicationduring other subjeciessonsin practice teacherspeakenglish
during thoselessonshut pupilshardly speakany Englishto eachotheror the teachef36].
Accordingto the organisatiorfor internationalisationn educationjn orderto teachin
English teachersproficiencyin Englishshouldbeatleastattheintermediatelevel(B2on the
CommonEuropearReferenc&ramework)[37]. In practice teachervaryin their proficiency
levelsrangingfrom low proficientto (near-)nativeproficiency[27]. Sincechildrenareusually
educatedy morethanoneteacherandadifferentteachereveryschoolyear the quality of the
input in Englishtheyreceiveat schoollikely variesto alargeextent.

Theideabehindearly-Englisteducationis that providing childrenwith lessongn English
will amelioratetheir proficiencyin English.Theassumptioris that exposingyoungchildrento
Englishwill fostertheir languagelevelopmentAs such childrenfirst learnto understand
English,andthento speakt themselvedt is onlyin the highergradesf primary schoolthat
theylearnto readandwrite in English[37]. Giventhat children startwith understanding
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English,andthatit seemghat especialljoreignspeectsoundsshouldbelearntearlyin life in
orderto learnto distinguishbetweerthem[22,23,25]the questionis whetherthe learning
activitiesthat pupilsin early-Englisreducationtakepartin contributeto the advancemenof
their perceptionof L2 speecltontrastsin this study,weinvestigatavhetherDutch children
who areexposedo Englishfrom ayoungagein aneducationakettingarebetterableto distin-
guishsuchEnglishspeecttontrastghat do not existin their nativelanguagehan childrenin
amainstreanprogram,or not.

Contrasts of interest

Dutch and Englishphonemecategoriegliffer in variouswaysAccordingto the Perceptual
AssimilationModel (PAM), the degredo which L2 learnersshouldbeableto learnto perceive
L2 contrastddepend®on thewayin which theydiffer from the L1 phoneticsysten]38+40].
Thefocusof this studyis on four Englishphoneticcontrastghat areexpectedo varyin diffi-
culty for nativespeakersf Dutch, rangingfrom veryeasyto verydifficult.

In thefirst contrastof interest,/b/-/s/, the phonemedliffer from eachotherin placeyoicing
andmannerof articulation.Both Englishand Dutch havea/b/ and/s/ thatarepronounced
rathersimilarlyin both languagegDifferencesncludethe VOT of /b/, whichis negativen
Dutch andaroundO for English).In PAM, suchacontrastis calleda “twocategoryassimila-
tion contrast{40]. Accordingto the predictionsof PAM, whentwo non-nativephonemesre
verysimilarto two phonemesn the nativelanguagelistenerswill perceptuallyassimilatehese
non-nativephonemego the correspondinghativecategoriesConsequentlypupilsshouldbe
ableto easilydiscriminatebetweermembersf suchacontrast.The/b/-/s/ pair wasthus
includedin this studyasan easycontrast.At the sametime, it servedasacontrol contrastto
ensurethat childrenunderstoodthe task.

Secondthe/k/-/g/ contrastwasexpectedo beof intermediatedifficulty. Dutch aswellas
Englishhas/k/ andboth arepronouncedrathersimilarly (butin Englishwith along positive
VOT, andin Dutchwith a0to shortpositiveVOT). Contraryto English,Dutch doesnot have
algl. Accordingto PAM, the English/k/-/g/ contrastwould beacategorngoodnesstontrast,
wheretwo differentL2 phonemesreboth mappedonto the samel.1 categornbut oneis con-
sideredto beabetterexemplarof that categorythanthe other. Accordingto PAM, recognition
of anL2 phonemeshouldbemore difficult whentwo phonemesaremappedonto thesamel1
categorythanwhenboth phonemesremappedonto two differentL1 categorie$38+40].Pre-
viousresearcthasshownthat,indeed nativeDutch adultsfind it difficult to identify the
English/g/ [41]. Further,althoughmostDutch nativeadultsareableto produceword-initial
/g/, substitutionwith [k] or [X] alsooccurg[42,43].Thereare , howeverthreereasongo expect
thatthe English/k/-/g/ contrastmight beeasieffor Dutch listenergo differentiatethan other
categorygoodnessontrastsFirst,in Dutch, whereaghereis no velarvoicingcontrast
(/k/-1gl), bilabial(/p/-/b/) andalveolamplosived/t/-/d/) arecontrastedn voicing.In other
words,/g/ is missingfrom aconsonansystemwvhich doescontain/b/ and/d/, andhence
thereis asystem gap [44]. Secondthe/g/ doesoccurin Dutchin loanwords[42,43,45hnd,
third, it occursasanallophoneof /k/. PAM doesnot explicitly discusghe possiblesffectof
suchL1 experiencavith (featureof) soundgshatarenot presentasaphonemen thelL1,and
its predictionsfor categorygoodnesgontrastsseento assumehatthe L2 learnersare
completelyinexperienceavith respecto oneof the membersof the contrast.This doesnot
hold, howeverfor the/g/ in Dutch. Thefirst reasonsthat Dutch nativelistenersdo have
experiencavith thevoicingcontrast,in otherplacesf articulation.Secondtheyalsohave
someexperiencavith /g/ specificallysinceit occursin loanwordsandasanallophoneof /k/.

It isthereforeexpectedhat Dutch listeneramight find it easieto perceivehe English/k/-/g/
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contrastthanacategongoodnesgontrastthattheydo not havesuchL1 experiencevith.
Indeed,it hasbeenshownthat Dutch listenergendto identify /g/ moreaccuratelythan conso-
nantswith featureghatdo not occuratall in Dutch, like /6/ or /3/ [41].

Thethird contrastweincludedwastherefore/f/-/6/. Justike /k/-/g/, /fl-/8/ canbeconsid-
eredto bea categorgoodnesstontrastasDutch hasan/f/ fairly similarto the Englishone,
but no /6/. Previougresearchhasshownthat Dutch adultshavedifficulty identifying the
Englishconsonant6/. Theyoftenperceived/ to besimilarto /t/, /s/, or /f/ [41,46].Thepre-
dictionsof PAM for /k/-/g/ and/f/-18/ aresimilar.We expectedhe/f/-/6/ contrasthowever,
to bemoredifficult for Dutch learnersof Englishthanthe/k/-/g/ contrastFirst,thelackof /6/
in Dutchis not asysterrgap,asDutch hasno dentalplaceof articulationin the consonansys-
tem. Furthermore,unlike /g/, /8/ doesnot occurin the pronunciationof loanwordsor asan
allophone Furtherthe perceptionof /6/ isintrinsically difficult; evennativespeakersf Ameri-
canEnglishfound/6/ to beconfusablevith /f/ [41,47].

Thefinal contrastweincludedwas/s/-/fi/. Whereaghe Englishvowelinventoryincludes
both openmidfront unroundedvowelsPDutch only has/e/. The Dutch /e/ liesbetweerthe
English/e/ and/fi/, andistypicallylowerthanthe English/e/. FollowingPAM predictionsfor
whatis calleda "singlecategoryassimilationcontrast,Dutch nativespeakershouldfind it
verydifficult to distinguishbetween/efand/fi/, asshownpreviouslyindeed[21]. Accordingto
PAM, both/e/ and/fi/ will beperceivedhsanexemplaofthe Dutch/e/. Giventhatunlike the
/kl-Igl or [fl-18/ contrastneithermemberwill beabetterexemplarof the Dutch category,
Dutch learnersof Englishareexpectedo havethe mostdifficulty distinguishingbetweerboth
memberf this contrast.

Whereadutch childrenlearningEnglishmayhavedifficulty distinguishingbetweerthe
Englishcontrastanentionedabovethat doesnot imply thattheywill not beableto learnto dis-
tinguishthosecontrastsatall. For the categorygoodnessontrastwhentwo L2 phonemesnap
onto the same_1 categorywhile only oneL2 phonemes agoodexemplarmf thatL1 category,
learnersanayeventuallyform anewcategoryfor the L2 phonemethat doesnot existin their
nativelanguageandlearnto discriminatebetweerthe two membersof the L2 contrast40]. It
isthereforeexpectedhat Dutch children mayinitially not perceivethe differencebetweenk/
and/g/, or /f/ and/6/, butthattheywill learnto distinguishthesephonemesafterseverajears
of learningEnglish.Our expectatioris that Dutch childrenareableto distinguishbetweenk/
and/g/ earlierthanbetweenf/ and/6/, giventhattheyencountewoicingdistinctionsin the
Dutch languageoo, aswell asinstance®f /g/ in loanwordsandasallophonesf /k/.

Forthe singlecategoryassimilationcontrastwhentwo L2 phonemesremappedonto the
samel1 categonbut neitherof themis agoodexemplarof that L1 categorylearneramaynot
overcomeheir difficultiesin discriminatingbetweerthetwo L2 soundq40]. It istherefore
expectedhat Dutch L2 learnersdifficulty to distinguishbetweene/ and/f/ isnot limited to
theinitial stage®f L2 acquisition but maypersistevenafterseverayearsof L2 learning[21,41].

This study

Oneof theideasbehindearly-Englisteducationis that sucha programmewill benefitpupils'
Englishlanguageskills,while at the sametime their Dutch languageskillsdevelogustlike
thoseof their monolinguallyeducateceersThe main researchyuestionof this studywas
whetherearly-Englistpupilsarebetterableto discriminatebetweerEnglishphonemeghan
pupilsfrom mainstreanschoolsandwhetherearly-Englishpupils' performancdas comparable
to that of childrengrowingup with both Englishand Dutch astheir homelanguages.

Theparticipantsdifferedin their experiencavith English.Thebilingual childrengrewup
with both Englishand Dutch astheir nativelanguageslhe early-Englisrand mainstream
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pupilswereraisedin Dutch. Bothareexpectedo beexposedo Englishviamedia[48]. For
exampleEnglishmoviesarenot dubbedbut rathersubtitled.For early-Englistpupils,English
lessonstartedatthe startof primary school(i.e.,at the ageof four). For mainstreanpupils,
Englishlessonstartednearthe end of primary school(at the ageof ten). SinceEnglishlessons
generallydo not lastmorethan onehour perweek ,evenwith out-of-schoolexposureo
English pupilshadmuchmorelimited exposurdo Englishthanthe childrenthatwerebeing
raisedbilingually. This studyexaminesvhetherlimited L2 exposurén anon-naturalisticset-
ting is relatedto improvedperceptionof L2 speecttontrastsandif so,howlongit takesfor
suchanimprovementto becomeadetectableByinvestigatingo whatextentchildrenareable
to learnto discriminatenon-nativespeectsoundsunder suchconditions,this studywill thus
contributeto knowledgeaboutthe plasticityof the speeclperceptionsystem.

Weinvestigatedpeeclhperceptionabilitiesin threeagegroups:childrenwho hadjust
startedprimary school(4+5yearolds),childrenwho werehalfwaythrough primary school(8+
9yearolds),andchildrenwhowereat the endof primary school(11+12yearolds).Asis often
the caseageattestingandamountof L2 exposurareintertwined[49]; wedo not attemptto
separat¢he two from eachothernor do wewantto makeanyclaimsaboutwhetherstartingat
anearlierageis betterfor phonologicalearning.Ageof onsetis the samefor all the early-
Englishchildrenparticipatingin this study(i.e.,4 years) Thegoalof including pupilsfrom dif-
ferentage(attesting)groupswasto investigatehe effectof limited Englishinstruction after
severayearsSinceearly-Englistpupilsgenerallyhaveonehour of Englishlessongperweek,
the 4-5-year-oldmainstreamand early-Englishpupilswereexpectedo becomparablen
amountofinstruction (i.e.,noneto verylimited amountof instruction). After five yearsg8-
9-year-oldearly-Englistpupilswould havehadan estimated200hoursof Englishinstruction
asopposedo no instruction for their peerdn mainstreamschoolsBythe endof primary
school 11-12-year-olabarly-Englistpupilswould havehadan estimated320hoursof English
educationasopposedo 60hoursfor mainstreanpupils.

ThreeresearclguestionsvereinvestigatedT hefirst onewaswhetherearly-Englistpupils
outperformmainstreanpupilson the perceptionof the non-nativecontrastsandwhether
bilingual children outperformearly-Englistpupils.We hypothesizedhat the bilingual chil-
drenshouldoutperformthe two othergroups.andif anything,the early-Englislgroup should
outperformthe mainstreampupils.

Secondweaskedwvhetherolder pupilshavebetterspeectperceptionabilitiesthanyounger
pupils.We hypothesizedhat on all contrastsaandfor all threegroupsof children,older chil-
drenwould performbetterthan youngerchildren. This wasexpectedecauselder children
generallyshowbetterphonemecategorizatiorthanyoungerchildren[13,14],and moreover
theoldergroupsin this studyhavehadmore exposuraghanthe youngergroups.

Third, weexaminedwvhetherthefour differentspeecttontrastanvestigatederediffered
in difficulty levelfor nativespeakersf Dutch. The hypothesisvasthatthe degreeof similarity
betweerthe Englishand Dutch phonemeinventory shouldpredictthe perceptuatifficulty,
especiallyor the mainstreamandearly-Engliskchildren. Followingthe predictionsbasen
Bestand Tyler [40] discussee@arlier,weexpectegupilsto find the/b/-/s/ contrastrelatively
easythe/k/-/g/ contrastmoredifficult, the/f/-/6/ contrastevenmoredifficult, andthe/s/-/f/
contrastthe mostdifficult.

Materials and methods

Thisresearchwasapprovedoy the EthicsAssessmenfommitteeHumanitiesof Centrefor
Languagétudiesat RadboudUniversity,Nijmegen.Thecasenumberis 8420 Active written
consentwastakenfrom participantsand datawereanalyzedanonymously.
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Participants

Threegroupsof childrenparticipatedacontrol group (n = 48),agroupof early-Englishpupils
(n = 64),andagroupof bilingualchildren (n = 48;seealsoTablel). An additional19children
hadbeentestedbut their datawereremovedbecausef atechnicalerror of the speectpercep-
tion task(n = 1),anodd responsgattern(constantlypressinghe samebutton, or constantly
alternatingtwo buttons)on the speectperceptiontask(n = 9), or becaus¢heydid not seento
understandhe speectperceptiontask(n = 9; seealsothe Resultsectionfor amore detailed
procedureof dataremoval).

TheDutch primary schoolsystentonsistof eightgradesThe control groupincludedchil-
drenattendingamainstreamDutch schoolin which Englishlessonstartedin gradesixor
seven(whenpupilsarenine or tenyearsold; two schools)Early-Englistpupilsattendeda
schoolin which Englishlessonstartedin thefirst grade(kindergartenj.e.,whenpupilsare
four yearsold; threeschools)All early-Englistschoolshadacertificatefrom anindependent
organizationthattheytaughtEnglishfor atleast0minutesperweekandthatteacherdiadat
leasta B2- (high intermediate)evelof English(exceptfor writing, for which B1[low interme-
diatelevellhadbeendeemedsufficientby the certificationorganization).The schoolshad
beenearly-Englistschooldor atleasteightyearssuchthatthe childrenwhowerenowin the
final gradehadstartedtheir Englisheducationwhentheyenteredprimary school.Schools
wererecruitedviatelephonelf theywereinterestedn participating,theyreceivecadocument
with moreinformation aboutthe study.Schools/oluntarily agreedo participate.

Bilingualswerechildrenwho hadatleastone parentwho wasa nativespeakenf English.
All bilingual children hadstartedto learnDutch beforethe ageof four, for examplebecause
theywentto Dutch daycare.Threebilingual childrenwereexposedo oneadditionallanguage
(beyondDutch and English),and onechild to two additionallanguages.

Childrenhadno known hearingor developmentadlisorders All parentsgavenformed
consenffor participation,andwerealsoaskedo fill in aquestionnaireaboutout-of-school
exposurdo English.

Instruments

XAB non-word discrimination task. Participantsverepresentedvith an XAB taskin
whichthreenon-word stimuli werepresentedChildren hadto indicatewhich of thesestimuli
(the secondor third) matchedthefirst stimulus(X). The XAB taskwaspresentecaisagame
[50], programmedwith Presentatiorsoftware(version14.7)from Neurobehaviorabystems.
Thetaskconsistedf 64trials,whichwereadministeredn two sessionsT hefirst sessiorwas

Table 1. Percentage correct on each of the contrasts, for each type of English acquisition separately.

Contrast(prop. correct) N 15
/bl-Isl | M .81
(SD) (13)
/ki-lgl | M .54
(SD) (.14)
161-1fl | M A7
(SD) (.10)
el-IRl | M .57
(SD) (12)

4-5-year-olds 8-9-year-olds 11-12-year-olds
Mainstream | Early-English | Bilingual | Mainstream | Early-English | Bilingual | Mainstream | Early-English | Bilingual
21 12 15 19 18 18 24 18
.84 .89 .96 .98 .96 .99 .98 1.0
(.13) (.11) (.06) (.04) (.06) (.03) (.04) (.00)
.60 .68 71 .78 .90 .80 .84 .94
(.18) (.09) (.12) (.15) (.13) (.13) (.11) (.07)
.56 .60 .63 .55 .66 .59 .61 .69
(.13) (.12) (.14) (.10) (.14) (.18) (.16) (.17)
.53 .68 .52 .55 71 51 A7 .81
(.12) (.12) (.10) (.05) (.20) (.09) (.08) (.17)

https://da.org/10.1371durnal.pon®229902.t001
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precededy anexplanatiorandsix practicetrials. The secondsessiorwasprecededy four
practicetrials. In the practicetrials, a cartoonof onelargeandtwo smallerdinosaurshowed
thelargedinosaursayingabisyllabicnon-word, not containingthe contrastf interest,and
subsequentlthe two smallerdinosaursachsayinganon-word, oneof whichwasthe sameas
that spokenby the largerdinosaur,and onedifferent. The child wasinstructedto decidewhich
smallerdinosaurcorrectlyrepeatedhe largerdinosaurandto indicatetheir responséoy press-
ing akeyon thelaptop.Thebutton "A' correspondedo theleft animal,andthe button "L'to
theright one.Buttonsweremarkedwith stickersto remind children of theresponsduttons.
Childrenreceivedeedbaclon their performancelf theypressedhewrongbutton, thedino-
saurthat correspondedo the correctbutton startedcrying. Thelargedinosaurwould saythat
thechild pressedhewrong button andencouragedhe child to presshe correctbutton. If
childrenpressedhe correctbutton, the correspondingdinosaurwould jump up anddown
while throwing aroundconfetti. Thelargedinosaurwould alsoverballyconfirm thatthe cor-
rectbutton waspressed.

In the experimentatrialsin whichthefour contrastsveretestedthe cartoonof thethree
animalscoveredwo-thirds of the screenandacartoonof asmallanimalon astaircaseov-
eredthe otherone-third (seefig 1). For thefirst two blocksof eachsessiorthe animalswere
dinosaursandfor thelasttwo blocksof eachsessiontheywerepandasin the experimentatri-
als,childrenno longerreceivedeedbackAs anincentive oncechildren presseabutton, the
animalon the staircasavould jump up onestep,no matterif the child performedcorrectly.In
boththe practiceandthe experimentatrials, it wasalwaygheleft animalwhofirst imitated
thelargeranimal.Children could pressabutton afterthe secondsmallanimalhadspoken.

Stimuli. Thestimuli consistedf eightminimal pairsof non-words.Everyminimal pair
waspresenteceighttimesduring the experimentThe stimuli weredisyllabicnon-wordsthat
werephonotacticalljlegalin English(and Dutch). Theconsonantpairs/b/-/s/, /k/-/g/ and
[fl-16/ werepresentedn two differentVCV carriersequencefaCi/ and/aCa/). Thevowel
contrast/e/-/fi/ waspresentedn two differentVCVC carriersequencefapVp/ and/stVt/).

Fig 1. Screenshot of an experimental trial in the XAB task.

https://da.org/10.1371¢urnal.pon®229902.g0D
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Recordingof the stimuli weremadeby threefemalenativespeakersf StandardAmerican
English,eachto representhevoiceof onedesignatednimal.For eachspeakereachstimulus
wasrecordedfour timeswhile theyreadthe stimuli oneby onein randomorder,in aclear
citation style.Recordingsveremadein asoundproofbooth. Thesamplingrateatrecording
was44.1kHz.

The64trialswerepresentedn eightblocksof eightitemseach Eachcontrastappeared
twicein eachblock. Trialswerepresentedn pseudo-randonorder:No morethanonetrial
targetingthe samecontrastand no morethantwo trialswith the samecarriersfollowedeach
other,andthe sameanimaldid not saythe correctanswemmorethanthreetimesin arow. The
numberof timeseachof the smalleranimalscorrectlyrepeatedhe largeranimalwascounter-
balancedacrosghe two smalleranimalswithin blocks.

Vocabulary. Toinvestigate¢o whatextentchildrenhadknowledgeof bothlanguagesand
to examineto whatextentthe threetype-of-English-acquisibtn groupsdifferedfrom each
otherin their knowledgeof thesdanguages:nglishand Dutch vocabularyweremeasured.
Englishvocabularywasmeasuredvith the PPV T-4[51] and Dutch vocabularywith the
PPVT-III-Dutch [52]. Thetest-retesteliability coefficientdor childrenagedbetweerd;0and
13;0yearsareveryhigh, rangingfrom .91to .94for the Englishversion[51], andbetween91
and.96for the Dutch version[52]. In both teststhe child is presentedvith aspokenword and
is askedo indicatethe correspondingpicture out of asetof four. The Englishtestconsistsof
228items,the Dutch oneof 204.Itemsaregroupedin setsof 12. Therulesfor administration
asgivenin the manualwerefollowed.Testingstoppedf childrenmademorethanthe maxi-
mum numberof errorsin oneset(eightfor the Englishandnine for the Dutch PPVT).The
scorewascomputedasthe numberof correctlyperformeditems.

Intelligence. To control for possibladifferencesn intelligencethe "Matrix Reasoning'
subtesbf the WechslemMNonverbalScaleof Ability wasadministered53]. The subtestonsists
of 41 matricesof which onepieceis missing.Thechild is askedo indicatethe correctpiece
amongsffour or five alternativesTestingis stoppedwvhenfour or five errorsaremadein five
consecutivétems.Thetotal numberof correctitemsdetermineghe score.

Procedure

Childrenweretestedndividually in aquietroom, eitherat school(early-Englisrandmain-
streampupils) or athome(bilingual children).For the participantstestedat school the
taskswerepresentedn two sessionsf 25minuteseachln thefirst sessionthe PPVT-4
wasadministeredirst, followedby thefirst part of the XAB task(4 blocks,32trials). Ses-
siontwo startedwith the secondpart of the XAB task,followedby Matrix Reasonin@nd
thenthe PPVT-III-NL. Thebilingualchildrentook partin alargerstudyin which multiple
taskswereadministeredwvhich arenot reportedhere.Forthem,like for the early-English
andmainstreanchildren,the XAB taskwasalwaysadministerecat the end of thefirst ses-
sionandatthe beginningof the secondsessionthe PPVT-4in thefirst sessionandthe
PPVT-III-NL in thefinal sessionFor all (mainstreamegarly-Englishandbilingual) chil-
drenexcepfour, thetwo sessionsvereadministeredon two separat@&ays,whichwereon
average daysapart(SD = 11;0f thosefour exceptionathildren,threedid both sessionsn
the sameday,andonepatrticipatedonly in thefirst session)For five bilingual children, the
matrix reasoningaskwasnot (or not correctly)administeredfor threebilingual children,
the PPVT-4,andfor two bilingual childrenthe PPVT-11I-NL wasnot (correctly)adminis-
tered.Scoredor thesechildrenon thesetasksaremissing.Responset® all taskswereregis-
teredon alaptop (XAB task)and/or noteddown by the experimentei(PPVTsand Matrix
Reasoning).
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Results
Data screening XAB task and differences in background variables

Eachindividual participant'sresponsgatternwasinvestigatedWe removeddatawherechil-
dreneitherconsistentlypressedhe left or the right button, or pressedhe two buttonsin strict
alternation.First,weremovedall the dataof childrenwho showedsucha patternthroughout
theentiretask(n = 9; 2 earlybilinguals 4 early-Englishand 3 mainstreanpupils;all were4-
5-year-olds)Next,weremoveddataof individual sessionghat showedsuchapattern:The
first sessiorwasremovedfor oneparticipantfrom amainstreamschool,andthe secondses-
sionfor threeearly-Englisrandtwo mainstream-schogbupils,all in the 4+5yearold group.
After that, weremoveddataof individual blockswith sucharesponsgattern.In total, 23
blockswereremovedjfrom severearly-Englisrand nine mainstream-schogbupils,onein the
11+12yearold group,two in the 8+9yearold group,and 13in the 4+5yearold group.Next,
weremovedtrials on which participantshad RTsthatweremorethan 2.5SDs abovetheir own
meanRT.Dueto atechnicalerror in thetask,thereactiontimesof oneparticipant(4+5year-
old mainstreanpupil) werenot registeredThis participantwasremovedfrom thedata.ln
total 13.3%of the datawereremoved Next,somepupilshadaproportion correctof lesshan
.600n the perceptuallyeasyb/-/s/ contrast. Asthis wastakenasanindication that thosechil-
dreneitherdid not understandhetaskor werenot concentratingall dataof thosechildren
wereremovedaswell (9 children;eight4-5-year-oldspne 11-year-oldfive boys four girls,
two mainstreanpupils,five early-Englistpupils,two bilingual children).For the remaining
participants averaggroportionscorrect(and SDs) areshownin Tablel.

Information on age and meanscoreson all backgroundmeasuregareshownin Table2.
For the bilingual children, the tablealsocontainsinformation on how often (in % of time)
bilingual childrenwerespokerto in Englishathome(asopposedo Dutch), calculatechsthe
percentagef time Englishwasusedby parentsduring the hoursparentsandchildrenwere
together.To calculatehis percentageyefirst calculatedhe numberof hoursthat children
andeachof their parentsself-reportediyspenttogetherduring the week Parentsndicated
whatpercentagef time theyspokeEnglishto their children (asopposedo Dutch or another
language)We usedthis percentagéo calculatehe numberof hoursperweekthat parents
spokeEnglishto their children This numberwasthenusedto calculatehe percentagef time
that childrenwereexposedo Englishby their parents Next,wealsocalculatechow often
(againin % of time) this Englishcamefrom a nativespeakeparent(asopposedo anon-
nativespeaker)Thiswasdoneby 1) checkingwhetherboth parentswerenativespeakers?) if
not, how oftenthe non-nativespeakeparentusedeEnglish,and 3) calculatinghe percentage
of time the nativespeakingparentspentwith the children (asopposedo the non-nativespeak-
ing parent).

To asseswhetherthe groupswerecomparablen all measuresesideshe variableof
interest(i.e.,the phoneticcontrasts) ANOVAs weredonewith Age(4-5-,8-9-,and 11-
12-year-oldspnd Typeof Englishacquisition(mainstreamearly-Englishbilingual) asinde-
pendentvariablesWe usedpartial eta-squaredsameasurdor effectsize andfollowedthe
generalule of thumb that effectdbetween02and.13aresmall,thosebetweenl4and.26are
medium,andvaluesf .26andhigherarelarge[54].

Forthe dependenwvariableAgein Months,therewasa significantinteractioneffect
betweermge(indicatedby agegroups)and Typeof Englishacquisition(F(4, 146)= 5.28 p =
.001,17;: 126 R nodel = -952), Tukeyposthocanalyseshowedhat 8-9-year-oldbilinguals
wereon averaggoungerthan mainstreamand early-Englistpupilsin the sameagegroup,
and11-12-year-oldilingualswereyoungerthan mainstreanpupilsin the sameagegroup.
For Englishvocabularytherewasa main effectof Typeof Englishacquisition(F(2,148)=
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Table 2. Age and scores on all measures, for each type of English acquisition separately.

4-5-year-olds 8-9-year-olds 11-12-year-olds

Mainstream | Early- | Bilingual | Mainstream | Early- | Bilingual | Mainstream | Early- | Bilingual
English English English
Englishvocabularyraw scoremax.228) N 15 21 12 15 19 16 18 24 17
M 20.87 26.57 84.83 76.47 72.00 135.19 114.33 108.71 155.59
(SD)| (14.64) (13.04) | (18.38) | (17.76) (21.51) | (16.79) | (27.33) (27.54) | (14.41)
Dutch vocabulay (raw score max.204) N 15 21 12 15 19 17 18 24 16
M 69.67 73.52 73.00 113.33 110.16 114.00 132.56 134.79 142.81
(SD)|  (10.63) (13.56) | (11.72) (6.70) (6.47) | (11.10) | (12.20) 9.84) | (11.92)
Intelligence(raw scoremax.41) N 15 21 11 15 19 16 18 24 15
M 11.87 11.62 11.36 20.47 19.11 19.56 21.72 22.83 23.33
(SD) (4.12) (2.82) (3.56) (3.62) (3.23) (3.93) (5.10) (4.19) (5.09)
Age(years) N 15 17 12 15 19 18 18 24 18
M 4.6 49 5.1 9.4 9.2 8.5 12.3 12.1 11.1
(SD) (0.5) (0.3) (0.4) (1.0) (0.5) (1.0) (0.5) (0.5) (.8)
Home exposueto Englishmedia(hoursper | N 3 15 10 4 11 17 4 6 16
week) M 4.00 793 | 12.77 5.63 11.82 | 1156 29.75 2546 | 16.03
(SD) (1.00) (5.75) (6.33) (3.47) (7.97) (10.64) (41.62) (11.33) (8.99)
% exposurdo Englishathome(from N - - 10 - - 18 - - 16
parentseithernativeor non-nativespeaker | ; ; ; 58.8 R i 51.4 R i} 53.1
of English)
(SD) (24.3) (14.8) (19.1)
% exposureo Englishfrom nativespeaker | N - - 10 - - 18 - - 15
parent(s) M - - 84.2 - - 80.6 - - 77.3
(SD) (21.9) (23.7) (23.8)

https://da.org/10.1371durnal.pon®229902.t002

118.56p < .001,;113: .616,R?0qe1= -739).Tukeyposthoctestsshowedhat, asto beexpected,
bilingualsobtainedhigherscoreghan mainstreamand early-Englistpupils.Mainstreamand
early-Englistpupilsdid not differ from eachother.As expectedall groupswerecomparable
on Dutch vocabulary(R? noqe1= -.861),andintelligence(R%oqe1= .561:all ps > .05).

Thegroupswerealsocomparedon out-of-schoolexposurdo English.Only alimited num-
berof parentscompletedhe questionnaireTherefore Agewasnot includedin the analyses,
andan ANOVA with Typeof Englishacquisitionasthe only independentariablewasper-
formed.As expectedthe weeklynumberof hoursof out-of-schoolexposurdo Englishdid not
differ amongthe groups(¥(2,83)= 0.07 p > .05,17,= .002,R?0de1= -.022).

Perception of phonetic contrasts

Thesensitivitymeasure!’ with acorrectionfor near-perfectiof55] wascalculatedor each
contrastandfor eachparticipantseparatelyisingthe dprime.abxfunction from the psyphy
packagen platform R (version3.6.2) Onememberof eachcontrastpair wastakenasthetar-
get(/b/, Ik/, Ifl, and/el, respectively)in casehe child heardthis soundand pressedhe cor-
rectbutton, thatwascountedasa “hit', if theincorrectbutton waspressedthat wascountedas
a miss'If thechild heardthe othersound(/s/, /g/, 16/, or /fi/, respectivelyandshepressed
the correctbutton, this wascountedasa “correctrejection,if thewrongbutton waspressedit
wascountedasa falsealarm'. Thed’ wasthen calculatedasthe differencebetweere-trans-
formedhits andfalsealarms A d’ of O indicatesthat performancds atchancdevel,anda
higherd’ valueindicatesabetterability to discriminatebetweerthe two member=of the pho-
neticcontrastMeanvaluedor d' arepresentedn Fig 2.
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Fig 2. Mean values (with SD) for &’, for each group separately. Pairwisesignificantdiffererces(Tukeyposthoctests)are
indicatedwith *p < .05,**p < .01,**p < .001.

https:/Hoi.org/10.137ournal.pon®229902.g002

An ANOVA with Contrast,Ageand Typeof Englishacquisitionasfixed factorsandd’
scoresasdependent/ariablewasperformed.Thereweresignificantmain effectsor all fixed
factors(Contrast:F(4,604)= 317.64y; = .612;Typeof Englishacquisition:F(2,604)= 54.78,
n, = .154,Age:F(2,604) 72.59y = .194;ll ps < .001 ,R?104e1= -691) andsignificantinterac-
tions betweerAgeand Contrast(F(6,604)= 12.09p < .001,1712, =.107),andTypeof English
acquisitionand Contrast(F(4,604)=6.32p < .001,;1;‘; =.059).Thethree-wayinteractionwas
alsosignificant(F(12,604F 1.97p = .025,111% =.038).

To follow up on this three-wayinteraction,we performedthe sameanalysisut without
Agefor eachof the agegroupsseparatelyseeTl able3). Theresultsof all threeanalyseshowed
main effectf Typeof Englishacquisitionand Contrast,andfor 8-9-and11-12-year-olds
significantinteractioneffect.Posthoctesty TukeyHSD) showedhatin all threeagegroups,
all English-acquisition-typgroupsobtainedthe highestd’ scoreson the/b/-/s/ contrast fol-
lowedbythe/k/-/g/ contrastwhichin turn hadhigherscoreghanthe othertwo contrastsin
boththe 4-5-and8-9-year-oldsscoreon the/f/-/6/ and/e/-/fi/ contrastdid not significantly
differ. Significantdifferencesamongthe English-acquisitionytpegroupsemergedor the 11-
12-year-oldgor the comparisorbetweerthe/f/-/8/ and/e/-/fi/ contrastsForthe11-12-year-
old mainstreanpupils,scoreon the/f/-/6/ and/e/-/fii/ contrastgdid not significantlydiffer.
Forthe 11-12-year-olearly-Englistpupils,scoreson /f/-/8/ weresignificantlyhigherthanfor
lel-IA. Forthe11-12-year-oldilinguals.to thecontrary,scoreon /e/-/fi/ weresignificantly
higherthanfor /f/-/6/.
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Table 3. ANOVA on d’ scores by contrast (Within-subject) and type of English acquisition (Between-subject).

4-5-year-olds 8-9-year-olds 11-12-year-olds
df F n, Post hoc df F n, Post hoc df F n, Post hoc
Intercept, 1 189.68* 513 1 717.54** .785 1 1250.49* .846
Contrast| 3 48.28** 446 b>k>fe 3 123.34** .654 3 195.05** .720
Typeof 2 8.77** .089 | B>EEM 2 17.18* 149 B>EE,M 2 38.19** 251 B>EEM
English
acquisi
tion
Contrast 6 |0.90 6 3.89* 106 | b>k>f,e(allgroups) 6 6.94** 154 b>k>f,e(M)
)é 1 b>k>f>e(EE)
ategor
gory b>k>f<e(B)
180 196 228

N.B.n‘;: < .02-.13small,.14-.26medium,>.26large;M = Mainstream,EE= Early-Erglish,B = Bilingual.

https://da.org/10.137 1§urnal.pon€229902.t003

To investigatavhethertherewereeffectwof bilingualismor Ageon the 4’ of the different
contrastsfour separateANOVAs wereconductedpnefor eachcontrast.In eachof theseanal-
ysesTypeof Englishacquisitionand Agewerefixedfactors,andthe d' on eachof the contrasts
wasthe dependent/ariable Theresultsareshownin Table4.

Therewasamain effectof Typeof Englishacquisitionfor all contrastsexceptb/-/s/. Bilin-
gualsoutperformedboth mainstreamand early-Englistpupilson all contrasteexcepthe easy
control contrast/b/-/s/, althoughfor the/e/-/fi/ contrasttherewasasignificantinteraction
with Age;the posthoctestsrevealedhatonly older(i.e.,8-9-and11-12-year-oldpilinguals
significantlyoutperformedboth othergroups whereaghe bilingualsin the 4+5yearold group
outperformedonly the early-Englisrand not the mainstreanpupils.Early-Englishpupils
neverscoredsignificantlydifferentfrom mainstreanpupils.

Further,therewasa significantmain effectof Age,showingthat youngerpupilsperformed
significantlylesswellthan older pupils,for all contrastseexcepte/-/fi/. Onthe/k/-/g/ contrast,
allthreeAgessignificantlydifferedfrom eachother.On the/b/-/s/ contrastthe8-9-and11-
12-year-oldsignificantlyoutperformedthe 4-5-year-oldsbut the former two groupsdid not

Table 4. ANOVAs with type of English acquisition and age as fixed factors and d’ for each contrast as dependent variable.

/b/-/Is/ /k/-19/ /£/-10/ €/-//
df |F 1, |Posthoc F n; | Posthoc F n; |Posthoc F 1, |Posthoc

Typeof English 2 1.32 .017 22.26** | .228 M,EE<B 6.72* | .082| M,EE<B 44.78** | 377

acquisition

Age 2 |59.32** | 440 4+5<8+911+12 48.95** | .393| 4+5<8+%11+12 5.55* | .068| 4+5<11+12 .40 .005

Agex Category 4 1.28 .033 0.80 .021 1.35 |.034 4.13* | .099| 4+5:n0 sign.diff.
8+9:M, EE<B
11+12M,EE<B

Error | 151
Rzmodel .456 491 .165 419

“p < .05;

“p<.01;

#p < .001

N.B.n}f: < .02-.13mall,.14-.26medium,>.26large;M = Mainstream,EE= Early-Erglish,B = Bilingual.

https://da.org/10.1371durnal.pon®229902.t004
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significantlydiffer from eachother.On the/f/-/6/ contrastthe 11-12-year-oldsutperformed
the4-5-year-oldsbut the 8-9-year-oldglid not differ from the othertwo agegroups.The
sameanalysesvithout the childrenwho wereexposedo threeor four languagesevealedhe
samepatternof resultsfor all contrastsWhenthe analyse$or d’ wereperformedagainwith
the childrenwho had <60%correcton the/b/-/s/ contrasttheresultsargelyremainedthe
samewith only someminor shiftsin the outcomegegardingthe agedifferencesWe alsocar-
ried out multi-levelanalyseo addresshe nestedstructurewith childrenunderschools.
Theseanalysesyith Schoolasarandomfactor,largelyreflectedhoseof the ANOVA, with
only minor detailsin the/k/-/g contrastWe thereforereportedthe analysesvith the simplest
structure(the ANOVA).

Discussion

Theaim of this studywasto investigatavhetherDutch childrenreceivingearly-Englisteduca-
tion werebetterableto discriminatebetweerEnglishphoneticcontrastghan childrenattend-
ing mainstreanDutch primary schoolsandwhethertheywereasgoodaschildrengrowingup
bilinguallyin Dutch and English.This questionwasinvestigatedn threedifferentagegroups:
4-5-year-oldsvho hadjust startedprimary school childrenwho werein the middle of primary
school(8-9-year-olds)and11-12-year-oldthildrenwhowereat the end of primary school.

Thefirst researclguestionwaswhetherthe threeEnglish-acquisition-typgroupsof chil-
dren(mainstreamearly-Englishbilingual) differedin their abilitiesto perceiveEnglishspeech
soundsThehypothesisvasthat bilingual childrenmight outperformboth early-Englistand
mainstreanpupils.Forthe lattertwo groups we hypothesizedhat if anything,the early-
Englishpupilsmight perform betteron the speectperceptiontaskthan the mainstreanpupils.
Thefirst part of this hypothesisvasconfirmed,the secondvasnot. Thatis, the bilinguals
showedgreatersensitivitythan the two other groupson all the contrastpairsexcepthe easy
control contrast/b/-/s/ (i.e.,/k/-Igl, IfI-16], [el-Ifi]) buttheearly-Englistpupilsdid not show
betterperformancehanthe mainstreanpupils. The seconchypothesisvasthat therewould
beagedifferencesn performanceon thedifferentcontrastsin line with previousresearch
[14], wefound that children betweer and12yearsold showanincreasen phonemecatego-
rization performanceThis effectwaslargerfor the/b/-/s/ thanfor the/k/-/g/ contrastand
smallesfor the/f/-/18/, asshownby alarge,medium,andsmalleffectsizerespectively.

Theyoungesgroup (4-5-year-oldsalwayshowedesssensitivityto the contrastehanthe
olderpupils,evento the easyb/-/s/ contrast.This maybeexplainedoy developmentatliffer-
encesn phonemiccategorizationaspreviousresearchhasshownthat childrencontinueto
refinetheir phonemiccategorizationandthat evenat the ageof 12theyarenot asgoodas
adults[14].

The 11-to 12-year-oldchildrendid not perform betterthan 8-to-9-year-oldchildrenon the
[fl-18/ contrastwhereasheydid for the/k/-/g/ contrastPAM predictionsfor categorygood-
nesscontrastpairsarethat L2 learnerdearnto hearthe differencedbetweerthe two phonemes
aftersomeexperiencavith the L2 [40]. It maybethattherelativelysmallamountof time that
mainstreamand early-Englisipupilsareexposedo Englishis enoughfor aninitial growthin
sensitivitytowardsthe/f/-/6/ contrastbut not enoughfor afurther improvement.On the
otherhand,the oldestgroup of bilingual childrendid not perform significantlybetterthanthe
8-9-year-oldgroupeither.Evenadult Englishnativespeakeréind /f/ and/6/ to beperceptually
confusablg41,47].Thereforethedifficultiesthatthe early-Englistpupilsexperiencedvith
this contrastarehardly surprising.In fact,it couldbethatbetweerB+9yearsand11+12year,
perceptionof this contrastdoesnot measurablylevelop.
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Forthe/e/-/fi/ contrastmainstreamandearly-Englishpupils of all agegperformedat
chancdevelandshowedo improvementatall with age Accordingto the predictionsout-
linedin PAM-L2[40], both membersof suchasinglecategorycontrastshouldbe perceivedas
asimilarly goodor poor exemplarof the closeshativephonemeandthereforelearnersarenot
likely to learnto distinguishbetweerthe two membergd40]. We proposedhat/e/ and/fi/
shouldbeperceivedasan exemplarof the Dutch /e/, resultingin pupilsof all agegperforming
atchancdevel.Our resultsseento confirm this reasoning.

Our third hypothesisvasthat the early-Englisland mainstreanpupils' perceptuadiffi-
culty would varyacrosgshe phoneticcontrastsestedand dependon the degreeof similarity of
thosephonemesn Englishand Dutch. This hypothesiavasbasedn Bestand Tyler [40] who
predictthatL2 learnerswill havedifficulty perceivingnon-nativespeecttontrastsespecially
whenoneor both membersareverysimilar but not identicalto anativephoneticcategory.
Sincethe bilingual childrenwerenativespeakersf both Dutch and English we predictedthat
their perceptionshouldgenerallybemoreaccurateWe focusedon four contrastswhichwe
expectedo varyin difficulty for the early-Englistand mainstreanpupils:/b/-/s/ (easy),
/k/-lg/ (intermediate)/f/-/0/ (hard),and/e/-/ii/ (veryhard).Our hypothesighat perceptual
difficulty would varyacrosghe phoneticcontrastavasconfirmed.All children(mainstream,
early-Englishandbilingual) performedbeston the /b/-/s/ contrast All Type-of-English-
acquisitiongroupsperformedrelativelywellon the/k/-/g/ contrasttoo, althoughscoresvere
significantlylowerthanon the/b/-/s/ contrast We expectedhek/-/g/ contrastto beof inter-
mediatedifficulty, asDutch, first, contrastsdbetweenvoiceless-voiceplosivesat other placef
articulationandsecondgontains/g/ in loanwordsandthird, containsit asan allophoneof
/k/. Confirming our hypothesighat L2 acquiringpupilswould havelesddifficulty with the
/k/-/g/ contrastthanwith the /f/-/6/ or e/-/fii/ contrastmainstreamandearly-Englistpupils
performedworston thesetwo latter contrastsFor the oldestgroup of bilingual children, the
performancepatternwasdifferent:theyperformedworseon /e/-/fi/ thanon /k/-/g/, butthey
hadevenmoredifficulty with /f/-/6/.

PAM-L2 doesnot differentiatebetweemovellL2 soundsthatlistenersareentirelyunfamil-
iar with, and soundsthattheydo havesomel 1 experiencevith, becaus¢heyrepresenta sys-
temgapsuchthattheyarefamiliar with relevantffeaturesor becauséheyoccurin thelLlin
loanwordsor asallophonesin this study,wetestedperceptionof two contrastsof the category
goodnessype,/k/-/g/ and/f/-/6/. Our resultswith betterperformancefor /k/-/g/ thanfor
[t1-16/, imply that L2 learnershavelesdifficulty distinguishingbetweertwo memberf a
contrast(here/k/-/g/) whentheyhavel 1 experiencavith thetypeof contrast(in this case
concerningstopvoicing)or with the “absentphonemeitself (becausé occursin L1 asamar-
ginalphonemeandanallophone)thanbetweerthoseof a categorygoodnessgontrastthat
doesnot havethis benefitof L1 familiarity (here/f/-/6/). An alternativeexplanatiorfor the dif-
ferencebetweerpupils'performanceon the/k/-/g/ contrastandthe/f/-/8/ contrastcouldbe
thatthe differencebetweenf/-/0/ isintrinsically difficult, in line with the bilinguals'relatively
low performanceon this contrast A studywith Englishmonolingualinfantsinvestigatedhe
hypothesighatit is easieto discriminatebetweerbetween-orgamrticulationcontrastgin
this study/f/-/6/) thanwithin-organarticulationcontrastg(in this study/s/-/6/), but this
hypothesisvasnot confirmed[58]. Accordingto this hypothesis/f/-/6/ shouldhavebeeneas-
ier to distinguishthan/k/-/g/. Thatwashowevernot the caselt waseventhe otherway
around.We thereforerejectthis alternativeexplanationand adhereto our explanatiorthat
eventhoughboththe/k/-/g/ andthe/f/-/8/ contrastareCategoryGoodnesgontraststheyare
fundamentallydifferent. Furtherresearcton adultandchild L2 learnersperformanceon dif-
ferenttypesof categorygoodnessontrastds neededo confirm whethercontrastsuchasthe
/k/-Igl in this studyaretreateddifferentlyin L2 learning.
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Theoverallaim of this studywasto investigatef childrenwho arelearningEnglishby
meansof an early-Englisfeducationaprogrammeoutperformtheir peersvho arenot enrolled
in suchaprogramme Early-Englistpupilsdid not outperformmainstreanmpupilson anyof the
non-nativecontrastsNote that problemswith performanceon thesecontrastannotbedueto
thedifficulty levelof thetaskitself:Evenchildrenin the youngesgroupwerecapableof per-
forming the task,asindicatedby their performanceon the easyb/-/s/ contrast.Therearesev-
eralexplanationgossibldor theseoutcomesFirst of all, it maybethatthe limited exposureo
Englishat schoolis simply not enoughfor early-Englistpupilsto learnthe differencebetween
Englishspeectsoundspr for pupils'knowledgeof Englishin generato develop.

Secondit couldbethatthe exposurdo Englishthat childrengetathomeis moreimportant
thantheinput atschool.Theavailablearentalquestionnairedatashowthat both mainstream
andearly-Englistpupilshadconsiderablexposurgo Englishmediaathome,andthat early-
Englishpupilshadmore exposurdo Englishout of schoolthanin school.Unfortunately,
information aboutout-of-schoolexposuravasnot availabléeor all children.Exploratorypar-
tial correlationanalysesetweerout-of-schoolexposureand performanceon eachof the con-
trastpairswhile controlling for agerevealedo significantrelationsbetweerthe two variables
(for /b/-Isl: r=0.1837k/-/g/: r=.048/f/-18/: r=.005]e/-Ii/: r=-.007;all ps> .05).Although
for acorrelationanalysigo bemoreinformative,theseresultssuggesthat out-of-schoolexpo-
sureto Englishdoesnot contributeto pupils'perceptionof Englishcontrasts.

An alternativeexplanatiorfor the lackof adifferencebetweerthe early-Englistand main-
streampupils'resultscould bethat type of exposurehat pupilsreceiveat schooldoesnot con-
tribute to the perceptionof L2 speecltontrastsAs outlinedin theintroduction, English
educationin Dutch schoolds generallyaimedatimproving pupils' oral proficiency,andspe-
cificallyatimproving their speakingandlisteningskillsandtheir vocabularyknowledgg35].
Its goalis furthermoreto advanceupils' understandingof spokenEnglishandwritten English
texts,andfor themto becomeable(and confident)to communicatan English[34]. Asbeing
ableto hearand producethe differencesetweereEnglishspeectsoundss not oneof thegoals
for Englisheducationgxplicitinstruction on perceptionor pronunciationof Englishpho-
nemesappearsot to bepart of the educationaturriculum. In addition, Englishlessongre
generallyprovidedby the regularclassroonteachef[27]. Althoughthe requiredEnglishprofi-
ciencylevelis B2 (intermediate) teachersproficiencylevelsvarylargely with asubstantial
numberof teachersot obtainingthe requiredlevel[27]. Asaconsequencdeachersnaynot
correctlyproduce(someof the) Englishspeeclsounds We did not measureheteachersabil-
ity to producethe speecltontrastin question sowedo not know whetherpupilsreceivedhe
correctinput. Giventhat Dutch speakersf Englishhavedifficulty with pronouncing/6/ [56],
/el, and/fi/, and,albeitto alesseextent,/g/ [42], it maythuswellbethatteachersverenot
ableto producethesesounds.Theymaytherebyproviding childrenwith Dutch-accented
English,in whichthesesoundswerenot pronouncedcorrectly,andlimiting the possibilities
for pupilsto implicitly learnto distinguishbetweerthosespeeclsoundsHowever evenif
someteachersvereableto producethe speectsoundscorrectlythe questionis to whatextent
thatwill positivelyinfluencepupils'speectperceptionskills:pupilsusuallyhavetwo class
teachershavedifferentteachergveryschoolyear,andreceiveadditional Englishinput via
Englishmedia,andtheinfluenceof anindividual teacheiis probablylimited.

Theresultsof this studyarenot in line with the premisethat early-Englisheducationhasa
positiveeffecton pupils'Englishlanguagé&nowledgeWe did not find anyadvantage®r the
early-Englistgroupcomparedo the mainstreanmgroupin their perceptionof Englishspeech
soundsWe alsomeasuregupils' Englishvocabularyto examinewhetherearly-English
pupils'Englishvocabularyis greaterthanthat of mainstreanpupils.Contraryto whatmight
beexpectedwedid not find advantagefor the early-Englistgroupin this domaineither.As
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wetestedfour differentspeecttontrastsandreceptivevocabularyonly, wecannotrule out the
possibilitythat early-Englisreducationmaybe beneficiafor otherdomainsof Englishlan-
guagalevelopmentsuchasactivevocabularyor grammarknowledgeNeverthelesgheseout-
comesareimportant for policy makerswho baseheimplementationof Englisheducational
programmegpremiseghat early-Englisheducatiorwill almostautomaticallybenefitpupils'
EnglishlanguagealevelopmentSuchpremisesareoftenbasedn findingsthat showthat chil-
drenwho aregrowingup bilinguallyin naturalisticsettingssuccessfullynastertwo languages
[49]. Therearenumerousways(e.g.learningtwo languageathome),howeverjn whichgrow-
ing up with two languagesliffersfrom learninganewlanguaget schoolwhile onelanguage
hasalreadylargelydeveloped49]. This studyshowshat early-Englisteducationasit is cur-
rentlyimplementedn the Dutch schoolsystemmayhaveverylimited effectson pupils' abili-
tiesto perceivdifferencedetweerEnglishspeecttontraststakeaston the oneswetestedn
this study.Thisfinding doesnot rule out that Early-Englisheducationmight bebeneficiato
pupil's perceptionof Englishspeectrontrastdf teachingperceptionand pronunciationof
non-nativephonemegeceivesmore prominentrolein the curriculum. Researchvith adults
hasshownthat for thoselearningan L2 aftertheir L1 hasalreadybeenlargelyestablishedyoth
perceptionand pronunciationteachingmaybenefitthe acquisitionof non-nativespeectcon-
trasts[57,58],evenwhenthe teachetis not a nativespeakeherself59].

Asour studywasnot longitudinal,we cannotrule out the possibilitythat early-English
pupilsolderthanfour but youngerthaneight(i.e.,betweerthe agesat whichwetestedthem)
haveanadvantagén vocabulanor in the perceptionof the/k/-/g/ or /f/-/6/ contrastthatthe
mainstreanpupilslatercatchup on. This cross-sectionatudyneverthelesprovidesafirst
andimportant explorationof the questionwhetherearly-Englisiprogrammesarebeneficial
for pupils'perceptionof EnglishspeecttontrastsBecausae assessaalpilswhowereatthe
endof primary schoolwe could showthat evenaftereightyearsof Englishlessonspupilsare
not betterableto perceiveEnglishspeecltontrastshat do not existin Dutch than pupilswho
startedEnglisheducationlittle morethanayearbeforebeingtested By investigatingnultiple
contrastghatvariedin difficulty, wehaveshownthat younglearnersof English,bothin early-
Englishandin mainstreameducationdid manageo learnto distinguishthe difference
betweermembersf somenon-nativephonemepairs,but only thosethat wereeasyor of
moderatedifficulty.

Conclusions

This studyshowshat early-Englisteducationis not beneficiato non-nativespeectpercep-
tion: Dutch childrenwho getamaximumof two hoursof Englishlessongperweekfrom the
momenttheyenterprimary schoolat the ageof four arenot betterableto perceivethe differ-
encebetweermembersof Englishcontrastghan childrenwho startin the penultimategrade
of primary school.Children growingup bilinguallywith Dutch and Englishwere however,
betterat hearingthe differencesn all phoneticcontrasteexcepthe easycontrol contrastthan
the childrenwho did not growup bilinguallyathome.Startingto acquireEnglishin an
instructedsettingat ayoungagethusappearsot to bebeneficialfor learningto perceptually
distinguishnon-nativecontrastsFor pupilsto learnto perceivenon-nativespeecttontrasts,
perception(and pronunciation)instruction shouldgetamore prominentrolein the early-
Englishcurriculum.
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