


Thequestionthat isaddressedin thecurrentstudyiswhetherthisearlyforeign-language
educationhasapositiveinfluenceon children'sL2speechsoundperception.Weinvestigate
whetherchildrenwhoreceivethiskind of educationareindeedbetterablethanmainstream
pupilsto discriminateEnglishphoneticcontraststhatareknownto bedifficult to acquirefor
DutchL1speakers.In addition,weexaminewhethertheycando soaswellasbilingualchil-
dren,that ischildrenwhoaregrowingup with bothDutchandEnglishastheir native
languages.

Foreign speech perception

Initially, infantscanperceivephoneticcontrastsof all languages,but within thefirst yearof life
thatability diminisheswhile their perceptionbecomesattunedto theL1.Recentevidence
showsthat infantsalreadyhaverobustknowledgeaboutthesoundsof their L1by theageof
threemonths[5]. Around theageof sixmonthsold, infantsbecomemoresensitiveto con-
trastsin their nativelanguage(s),andlosetheir ability to perceivesomeof thevowelcontrasts
of foreignlanguages[6]. Forconsonants,thishappensaroundtheageof elevenmonths[6,7].
Infantsseeminglyeffortlesslylearnthephoneticcontrastsof thelanguagetheyhear[6], andif
theyreceiveinput in two languages,theywill learnthecontrastsof both languages[8±12].This
does,however,not meanthat infantsimmediatelycategorizeall soundsof their nativelan-
guage(s)correctly.Researchwith monolingualEnglishchildrenhasshownthat five-year-olds
aremorelikely thannine-year-oldsto categorizeaforeignvowelasanativeone,andthatboth
groupsarelessconsistentthanadultsin categorizingnativeandnon-nativevowels[13]. As
theygrowolder,monolingualchildrenbecomeincreasinglyconsistentin phonemiccategori-
zation,but evenat theageof 12their performanceisnot adult-like[14].

It ismuchmoredifficult to learnto perceivethespeechcontrastsof aforeignlanguageata
laterage(for reviewssee[15±17]).Forexample,previousresearchhasshownthat,notoriously,
adultJapaneselearnersof Englishhavedifficulty distinguishingbetween/r/ and/l/ [18±20],
andDutch learnersof English,despitehighproficiencyin EnglishasanL2,arenot asgoodas
nativeEnglishspeakersin perceivingthedifferencebetween/ε/ and/ñ/ [21].

Childrenarebetterablethanadultsto learnforeignspeechsounds[19,22±24].Forexample,
Tsukadaetal.[22] comparedEnglishspeechperceptionabilitiesof Koreanadultsandchildren
between9 and17yearsold,whohadlivedin Americafor eitherthreeor fiveyears.After three
yearsof residence,thechildren'sdiscriminationabilitieswerealreadysignificantlybetterthan
theadults'.Adults' ability to discriminatebetweenEnglishcontrastsdid not differ betweenthe
groupsthathadbeenin Americafor ashorteror longertime.Childrenwhohadresidedin
Americafor fiveyearsweresignificantlybetterableto discriminateEnglishspeechcontrasts
thanthosewhobeenin Americafor threeyears,however,resultingin anevengreaterdiffer-
encebetweentheadultandchild groupwhencomparingthegroupswhohadresidedin Amer-
icafor fiveyears.

Asthechildrenin thepreviousstudyhadextensiveexposureto thenewlanguage,theques-
tion remainswhetherchildrenarealsoableto learnphoneticcontrastsof aforeignlanguage
that theylearnin amoreformalsetting,suchasin school.McCarthy,Mahon,Rosen,and
Evans[25] investigatedfour-year-oldSylheti-Englishsequentialbilingualchildren'sperception
of theEnglishvoicingcontrastin plosiveswhentheywerein kindergartenandagainoneyear
later.Beforeenteringkindergarten,childrenwereexposedto Englishlessthan20%of the
time.In kindergartenthesequentialbilingualchildrenwerenot asproficientastheir English
monolingualpeersin differentiatingbetweenvoicedandvoicelessplosives.After oneyear,
however,their performancehadsignificantlyimprovedandmatchedthatof themonolingual
group.In contrast,astudywith 11-year-oldTurkish-Germansequentialbilingualswhohad
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beenimmersedin aGermanenvironmentfrom beforetheageof four showedthat their per-
ceptionof Germanvowelswassignificantlypoorerthanthatof Germanmonolingualchildren
[26]. Unlike thebilingualchildrenin theMcCarthyetal.[25] study,whowereeducatedin a
monolingualprogramme,theTurkish-Germanchildrenwereeducatedin aGerman-Turkish
bilingualprogramme.Theythusreceivedlessinput in their L2 thantheSylheti-Englishchil-
dren,but wereexposedto it from anearlierage.

In bothstudies[25,26],childrenwereimmersedin their L2atschool,either50or 100%of
thetime.SuchextensiveL2exposureismuchmorethantheamountof exposureofferedin
foreignlanguageprogrammesatschool,suchastheonesgainingin popularityin mostcoun-
triesin continentalEurope,including theNetherlands[3]. Nowadays,almostonein five
Dutchschoolsstarttheir Englishlessonsfrom themomentchildrenenterprimary schoolat
theageof four. Thelegallyobligatoryonsetof Englisheducation,however,isnot until the
penultimateyear,whenchildrenareapproximatelytenyearsold [4]. Aschildrenin theNeth-
erlandsreceiveon average60minutesof Englishlessonsperweek,early-Englishpupilsleave
primary schoolafter320hoursof Englisheducation,asopposedto 60hours(45minutesper
week)for pupilswhostartin thepenultimategrade(atageten) [27]. Theideabehindearly-
Englisheducationis that it will benefitpupils'Englishproficiencymorethanmainstream
Englishlessons,but not at theexpenseof Dutch.Previousresearchin theNetherlandshas
indeedshownbeneficialeffectsof early-Englishprogrammesfor pupils'Englishvocabulary
[28±30],grammar[28], readingandwriting abilities[31], andword pronunciation[32].
Researchon Dutchearly-Englishpupils'abilitiesto perceiveEnglishspeechcontrasts,how-
ever,isnot yetavailable.

Internationalresearchon early-Englishpupils'perceptionof Englishcontrastsisscarce,
too.Jostetal.[33] investigatedSwiss-Germanchildren'sresponsesto theEnglishcontrast
/t/-/θ/: oncebeforestartingEnglishlessons,andonceayearlater,afterhavingreceivedone
andahalfhoursof Englishlessonsperweek.Childrenshowedasignificantincreasein accu-
racyin discriminatingbetween/t/ and/θ/ afteroneyearof Englishinstruction.

With respectto theDutch situation,pupilsnecessarilyencounterunfamiliarsoundcon-
traststhat theyhaveto learnto distinguish.Nevertheless,during Englishlessonsnot much
attentionseemsto begivento theperceptionof theseunfamiliarspeechsounds.Thegoalsfor
Englisheducationfocuson understandingspokenandwritten Englishtexts,andbeingable
(andconfident)to communicatein English[34]. Consequently,thegoalof Englishlessonsin
Dutcheducationismainlyoralproficiency,andespeciallyspeaking,listening,andvocabulary
development[35]. Activitiesfor youngpupilsareaimedat learningEnglishin aplayfulway,
for exampleby themeansof songsandstories.Forolderpupils,from gradefiveonwards(8-
9-year-olds),contentlearningandlanguagelearningareintegratedandEnglishisusedasthe
languageof communicationduring othersubjectlessons.In practice,teachersspeakEnglish
during thoselessons,but pupilshardlyspeakanyEnglishto eachotheror theteacher[36].
Accordingto theorganisationfor internationalisationin education,in orderto teachin
English,teachers'proficiencyin Englishshouldbeat leastat theintermediatelevel(B2on the
CommonEuropeanReferenceFramework)[37]. In practice,teachersvaryin their proficiency
levels,rangingfrom low proficient to (near-)nativeproficiency[27]. Sincechildrenareusually
educatedbymorethanoneteacher,andadifferentteachereveryschoolyear,thequalityof the
input in Englishtheyreceiveatschoollikely variesto alargeextent.

Theideabehindearly-Englisheducationis thatprovidingchildrenwith lessonsin English
will amelioratetheir proficiencyin English.Theassumptionis thatexposingyoungchildrento
Englishwill fostertheir languagedevelopment.Assuch,childrenfirst learnto understand
English,andthento speakit themselves.It isonly in thehighergradesof primary schoolthat
theylearnto readandwrite in English[37]. Giventhatchildrenstartwith understanding
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English,andthat it seemsthatespeciallyforeignspeechsoundsshouldbelearntearlyin life in
orderto learnto distinguishbetweenthem[22,23,25],thequestioniswhetherthelearning
activitiesthatpupilsin early-Englisheducationtakepart in contributeto theadvancementof
their perceptionof L2speechcontrasts.In thisstudy,weinvestigatewhetherDutch children
whoareexposedto Englishfrom ayoungagein aneducationalsettingarebetterableto distin-
guishsuchEnglishspeechcontraststhatdo not existin their nativelanguagethanchildrenin
amainstreamprogram,or not.

Contrasts of interest

DutchandEnglishphonemecategoriesdiffer in variousways.Accordingto thePerceptual
AssimilationModel (PAM), thedegreeto whichL2 learnersshouldbeableto learnto perceive
L2contrastsdependson thewayin whichtheydiffer from theL1phoneticsystem[38±40].
Thefocusof thisstudyison four Englishphoneticcontraststhatareexpectedto varyin diffi-
culty for nativespeakersof Dutch,rangingfrom veryeasyto verydifficult.

In thefirst contrastof interest,/b/-/s/, thephonemesdiffer from eachotherin place,voicing
andmannerof articulation.BothEnglishandDutch havea/b/ and/s/ thatarepronounced
rathersimilarly in both languages.(DifferencesincludetheVOT of /b/, whichisnegativein
Dutchandaround0 for English).In PAM, suchacontrastiscalleda`twocategory'assimila-
tion contrast[40]. Accordingto thepredictionsof PAM, whentwo non-nativephonemesare
verysimilar to two phonemesin thenativelanguage,listenerswill perceptuallyassimilatethese
non-nativephonemesto thecorrespondingnativecategories.Consequently,pupilsshouldbe
ableto easilydiscriminatebetweenmembersof suchacontrast.The/b/-/s/ pair wasthus
includedin thisstudyasaneasycontrast.At thesametime, it servedasacontrol contrast,to
ensurethatchildrenunderstoodthetask.

Second,the/k/-/ɡ/ contrastwasexpectedto beof intermediatedifficulty. Dutchaswellas
Englishhas/k/ andbotharepronouncedrathersimilarly (but in Englishwith alongpositive
VOT, andin Dutchwith a0 to shortpositiveVOT). Contraryto English,Dutchdoesnot have
a/ɡ/. Accordingto PAM, theEnglish/k/-/ɡ/ contrastwouldbea`categorygoodness'contrast,
wheretwo differentL2phonemesarebothmappedonto thesameL1categorybut oneiscon-
sideredto beabetterexemplarof thatcategorythantheother.Accordingto PAM, recognition
of anL2phonemeshouldbemoredifficult whentwo phonemesaremappedonto thesameL1
categorythanwhenbothphonemesaremappedonto two differentL1categories[38±40].Pre-
viousresearchhasshownthat,indeed,nativeDutchadultsfind it difficult to identify the
English/ɡ/ [41]. Further,althoughmostDutch nativeadultsareableto produceword-initial
/ɡ/, substitutionwith [k] or [x] alsooccurs[42,43].Thereare,however,threereasonsto expect
that theEnglish/k/-/ɡ/ contrastmight beeasierfor Dutch listenersto differentiatethanother
categorygoodnesscontrasts.First,in Dutch,whereasthereisno velarvoicingcontrast
(/k/-/ɡ/), bilabial(/p/-/b/) andalveolarplosives(/t/-/d/) arecontrastedin voicing.In other
words,/ɡ/ ismissingfrom aconsonantsystemwhichdoescontain/b/ and/d/, andhence
thereisasystem gap [44]. Second,the/ɡ/ doesoccurin Dutch in loanwords[42,43,45]and,
third, it occursasanallophoneof /k/. PAM doesnot explicitlydiscussthepossibleeffectof
suchL1experiencewith (featuresof) soundsthatarenot presentasaphonemein theL1,and
its predictionsfor categorygoodnesscontrastsseemto assumethat theL2 learnersare
completelyinexperiencedwith respectto oneof themembersof thecontrast.Thisdoesnot
hold,however,for the/ɡ/ in Dutch.Thefirst reasonis thatDutchnativelistenersdo have
experiencewith thevoicingcontrast,in otherplacesof articulation.Second,theyalsohave
someexperiencewith /ɡ/ specifically,sinceit occursin loanwordsandasanallophoneof /k/.
It is thereforeexpectedthatDutch listenersmight find it easierto perceivetheEnglish/k/-/ɡ/
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contrastthanacategorygoodnesscontrastthat theydo not havesuchL1experiencewith.
Indeed,it hasbeenshownthatDutch listenerstendto identify /ɡ/ moreaccuratelythanconso-
nantswith featuresthatdo not occuratall in Dutch,like /θ/ or /ð/ [41].

Thethird contrastweincludedwastherefore/f/-/θ/. Justlike /k/-/ɡ/, /f/-/θ/ canbeconsid-
eredto bea`categorygoodness'contrast,asDutchhasan/f/ fairly similar to theEnglishone,
but no /θ/. PreviousresearchhasshownthatDutchadultshavedifficulty identifying the
Englishconsonant/θ/. Theyoftenperceive/θ/ to besimilar to /t/, /s/, or /f/ [41,46].Thepre-
dictionsof PAM for /k/-/ɡ/ and/f/-/θ/ aresimilar.Weexpectedthe/f/-/θ/ contrast,however,
to bemoredifficult for Dutch learnersof Englishthanthe/k/-/ɡ/ contrast.First,thelackof /θ/
in Dutch isnot asystemgap,asDutchhasno dentalplaceof articulationin theconsonantsys-
tem.Furthermore,unlike /ɡ/, /θ/ doesnot occurin thepronunciationof loanwordsor asan
allophone.Furthertheperceptionof /θ/ is intrinsicallydifficult; evennativespeakersof Ameri-
canEnglishfound /θ/ to beconfusablewith /f/ [41,47].

Thefinal contrastweincludedwas/ε/-/ñ/. WhereastheEnglishvowelinventoryincludes
bothopenmidfront unroundedvowels,Dutchonly has/ε/. TheDutch /ε/ liesbetweenthe
English/ε/ and/ñ/, andis typicallylowerthantheEnglish/ε/. FollowingPAM predictionsfor
whatiscalleda`singlecategory'assimilationcontrast,Dutchnativespeakersshouldfind it
verydifficult to distinguishbetween/ε/and/ñ/, asshownpreviouslyindeed[21]. Accordingto
PAM, both /ε/ and/ñ/ will beperceivedasanexemplarof theDutch /ε/. Giventhatunlike the
/k/-/ɡ/ or /f/-/θ/ contrast,neithermemberwill beabetterexemplarof theDutch category,
Dutch learnersof Englishareexpectedto havethemostdifficulty distinguishingbetweenboth
membersof thiscontrast.

WhereasDutchchildrenlearningEnglishmayhavedifficulty distinguishingbetweenthe
Englishcontrastsmentionedabove,thatdoesnot imply that theywill not beableto learnto dis-
tinguishthosecontrastsatall.For thecategorygoodnesscontrast,whentwo L2phonemesmap
onto thesameL1categorywhileonly oneL2phonemeisagoodexemplarof thatL1category,
learnersmayeventuallyform anewcategoryfor theL2phonemethatdoesnot existin their
nativelanguage,andlearnto discriminatebetweenthetwo membersof theL2contrast[40]. It
is thereforeexpectedthatDutchchildrenmayinitially not perceivethedifferencebetween/k/
and/ɡ/, or /f/ and/θ/, but that theywill learnto distinguishthesephonemesafterseveralyears
of learningEnglish.Our expectationis thatDutchchildrenareableto distinguishbetween/k/
and/ɡ/ earlierthanbetween/f/ and/θ/, giventhat theyencountervoicingdistinctionsin the
Dutch languagetoo,aswellasinstancesof /ɡ/ in loanwordsandasallophonesof /k/.

For thesinglecategoryassimilationcontrast,whentwo L2phonemesaremappedonto the
sameL1categorybut neitherof themisagoodexemplarof thatL1category,learnersmaynot
overcometheir difficultiesin discriminatingbetweenthetwo L2sounds[40]. It is therefore
expectedthatDutchL2 learners'difficulty to distinguishbetween/ε/ and/ñ/ isnot limited to
theinitial stagesof L2acquisition,but maypersistevenafterseveralyearsof L2 learning[21,41].

This study

Oneof theideasbehindearly-Englisheducationis thatsuchaprogrammewill benefitpupils'
Englishlanguageskills,whileat thesametime their Dutch languageskillsdevelopjust like
thoseof their monolinguallyeducatedpeers.Themain researchquestionof thisstudywas
whetherearly-Englishpupilsarebetterableto discriminatebetweenEnglishphonemesthan
pupilsfrom mainstreamschools,andwhetherearly-Englishpupils'performanceiscomparable
to thatof childrengrowingup with bothEnglishandDutchastheir homelanguages.

Theparticipantsdifferedin their experiencewith English.Thebilingualchildrengrewup
with bothEnglishandDutchastheir nativelanguages.Theearly-Englishandmainstream
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pupilswereraisedin Dutch.Bothareexpectedto beexposedto Englishviamedia[48]. For
example,Englishmoviesarenot dubbedbut rathersubtitled.Forearly-Englishpupils,English
lessonsstartedat thestartof primary school(i.e.,at theageof four). Formainstreampupils,
Englishlessonsstartedneartheendof primary school(at theageof ten).SinceEnglishlessons
generallydo not lastmorethanonehour perweek,evenwith out-of-schoolexposureto
English,pupilshadmuchmorelimited exposureto Englishthanthechildrenthatwerebeing
raisedbilingually.Thisstudyexamineswhetherlimited L2exposurein anon-naturalisticset-
ting is relatedto improvedperceptionof L2speechcontrasts,andif so,howlongit takesfor
suchanimprovementto becomedetectable.Byinvestigatingto whatextentchildrenareable
to learnto discriminatenon-nativespeechsoundsundersuchconditions,thisstudywill thus
contributeto knowledgeabouttheplasticityof thespeechperceptionsystem.

Weinvestigatedspeechperceptionabilitiesin threeagegroups:childrenwhohadjust
startedprimary school(4±5yearolds),childrenwhowerehalfwaythroughprimary school(8±
9yearolds),andchildrenwhowereat theendof primary school(11±12yearolds).Asisoften
thecase,ageat testingandamountof L2exposureareintertwined[49]; wedo not attemptto
separatethetwo from eachothernor do wewantto makeanyclaimsaboutwhetherstartingat
anearlierageisbetterfor phonologicallearning.Ageof onsetis thesamefor all theearly-
Englishchildrenparticipatingin thisstudy(i.e.,4years).Thegoalof includingpupilsfrom dif-
ferentage(at testing)groupswasto investigatetheeffectof limited Englishinstructionafter
severalyears.Sinceearly-Englishpupilsgenerallyhaveonehour of Englishlessonsperweek,
the4-5-year-oldmainstreamandearly-Englishpupilswereexpectedto becomparablein
amountof instruction(i.e.,noneto verylimited amountof instruction).After fiveyears,8-
9-year-oldearly-Englishpupilswouldhavehadanestimated200hoursof Englishinstruction
asopposedto no instruction for their peersin mainstreamschools.Bytheendof primary
school,11-12-year-oldearly-Englishpupilswouldhavehadanestimated320hoursof English
education,asopposedto 60hoursfor mainstreampupils.

Threeresearchquestionswereinvestigated.Thefirst onewaswhetherearly-Englishpupils
outperformmainstreampupilson theperceptionof thenon-nativecontrasts,andwhether
bilingualchildrenoutperformearly-Englishpupils.Wehypothesizedthat thebilingualchil-
drenshouldoutperformthetwo othergroups,andif anything,theearly-Englishgroupshould
outperformthemainstreampupils.

Second,weaskedwhetherolderpupilshavebetterspeechperceptionabilitiesthanyounger
pupils.Wehypothesizedthaton all contrastsandfor all threegroupsof children,olderchil-
drenwouldperformbetterthanyoungerchildren.Thiswasexpectedbecauseolderchildren
generallyshowbetterphonemecategorizationthanyoungerchildren[13,14],andmoreover
theoldergroupsin thisstudyhavehadmoreexposurethantheyoungergroups.

Third, weexaminedwhetherthefour differentspeechcontrastsinvestigatedherediffered
in difficulty levelfor nativespeakersof Dutch.Thehypothesiswasthat thedegreeof similarity
betweentheEnglishandDutchphonemeinventoryshouldpredicttheperceptualdifficulty,
especiallyfor themainstreamandearly-Englishchildren.Followingthepredictionsbasedon
BestandTyler [40] discussedearlier,weexpectedpupilsto find the/b/-/s/ contrastrelatively
easy,the/k/-/ɡ/ contrastmoredifficult, the/f/-/θ/ contrastevenmoredifficult, andthe/ε/-/ñ/
contrastthemostdifficult.

Materials and methods

Thisresearchwasapprovedby theEthicsAssessmentCommitteeHumanitiesof Centrefor
LanguageStudiesatRadboudUniversity,Nijmegen.Thecasenumberis8420.Activewritten
consentwastakenfrom participantsanddatawereanalyzedanonymously.
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Participants

Threegroupsof childrenparticipated:acontrol group(n = 48),agroupof early-Englishpupils
(n = 64),andagroupof bilingualchildren(n = 48;seealsoTable1).An additional19children
hadbeentested,but their datawereremovedbecauseof atechnicalerror of thespeechpercep-
tion task(n = 1),anoddresponsepattern(constantlypressingthesamebutton,or constantly
alternatingtwo buttons)on thespeechperceptiontask(n = 9),or becausetheydid not seemto
understandthespeechperceptiontask(n = 9;seealsotheResultssectionfor amoredetailed
procedureof dataremoval).

TheDutchprimary schoolsystemconsistsof eightgrades.Thecontrol groupincludedchil-
drenattendingamainstreamDutchschoolin whichEnglishlessonsstartedin gradesixor
seven(whenpupilsarenineor tenyearsold; two schools).Early-Englishpupilsattendeda
schoolin whichEnglishlessonsstartedin thefirst grade(kindergarten,i.e.,whenpupilsare
four yearsold; threeschools).All early-Englishschoolshadacertificatefrom anindependent
organizationthat theytaughtEnglishfor at least60minutesperweek,andthat teachershadat
leastaB2-(high intermediate)levelof English(exceptfor writing, for whichB1[low interme-
diatelevel]hadbeendeemedsufficientby thecertificationorganization).Theschoolshad
beenearly-Englishschoolsfor at leasteightyears,suchthat thechildrenwhowerenow in the
final gradehadstartedtheir Englisheducationwhentheyenteredprimary school.Schools
wererecruitedviatelephone.If theywereinterestedin participating,theyreceivedadocument
with moreinformation aboutthestudy.Schoolsvoluntarilyagreedto participate.

Bilingualswerechildrenwhohadat leastoneparentwhowasanativespeakerof English.
All bilingualchildrenhadstartedto learnDutchbeforetheageof four, for examplebecause
theywentto Dutchdaycare.Threebilingualchildrenwereexposedto oneadditionallanguage
(beyondDutchandEnglish),andonechild to two additionallanguages.

Childrenhadno knownhearingor developmentaldisorders.All parentsgaveinformed
consentfor participation,andwerealsoaskedto fill in aquestionnaireaboutout-of-school
exposureto English.

Instruments

XAB non-word discrimination task. Participantswerepresentedwith anXAB taskin
whichthreenon-wordstimuli werepresented.Childrenhadto indicatewhichof thesestimuli
(thesecondor third) matchedthefirst stimulus(X). TheXAB taskwaspresentedasagame
[50], programmedwith Presentationsoftware(version14.7)from NeurobehavioralSystems.
Thetaskconsistedof 64trials,whichwereadministeredin two sessions.Thefirst sessionwas

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

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

Mainstream Early-English Bilingual Mainstream Early-English Bilingual Mainstream Early-English Bilingual

Contrast(prop.correct) N 15 21 12 15 19 18 18 24 18

/b/-/s/ M .81 .84 .89 .96 .98 .96 .99 .98 1.0

(SD) (.13) (.13) (.11) (.06) (.04) (.06) (.03) (.04) (.00)

/k/-/ɡ/ M .54 .60 .68 .71 .78 .90 .80 .84 .94

(SD) (.14) (.18) (.09) (.12) (.15) (.13) (.13) (.11) (.07)

/θ/-/f/ M .47 .56 .60 .63 .55 .66 .59 .61 .69

(SD) (.10) (.13) (.12) (.14) (.10) (.14) (.18) (.16) (.17)

/ε/-/ñ/ M .57 .53 .68 .52 .55 .71 .51 .47 .81

(SD) (.12) (.12) (.12) (.10) (.05) (.20) (.09) (.08) (.17)

https://doi.org/10.1371/journal.pone.0229902.t001
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precededbyanexplanationandsixpracticetrials.Thesecondsessionwasprecededby four
practicetrials.In thepracticetrials,acartoonof onelargeandtwo smallerdinosaursshowed
thelargedinosaursayingabisyllabicnon-word,not containingthecontrastsof interest,and
subsequently,thetwo smallerdinosaurseachsayinganon-word,oneof whichwasthesameas
thatspokenby thelargerdinosaur,andonedifferent.Thechild wasinstructedto decidewhich
smallerdinosaurcorrectlyrepeatedthelargerdinosaurandto indicatetheir responsebypress-
ing akeyon thelaptop.Thebutton `A' correspondedto theleft animal,andthebutton `L' to
theright one.Buttonsweremarkedwith stickers,to remind childrenof theresponsebuttons.
Childrenreceivedfeedbackon their performance.If theypressedthewrongbutton,thedino-
saurthatcorrespondedto thecorrectbutton startedcrying.Thelargedinosaurwouldsaythat
thechild pressedthewrongbutton andencouragedthechild to pressthecorrectbutton. If
childrenpressedthecorrectbutton,thecorrespondingdinosaurwould jump up anddown
while throwingaroundconfetti.Thelargedinosaurwouldalsoverballyconfirm that thecor-
rectbutton waspressed.

In theexperimentaltrials in whichthefour contrastsweretested,thecartoonof thethree
animalscoveredtwo-thirdsof thescreen,andacartoonof asmallanimalon astaircasecov-
eredtheotherone-third (seeFig1).For thefirst two blocksof eachsessiontheanimalswere
dinosaurs,andfor thelasttwo blocksof eachsessiontheywerepandas.In theexperimentaltri-
als,childrenno longerreceivedfeedback.Asanincentive,oncechildrenpressedabutton, the
animalon thestaircasewould jump up onestep,no matterif thechild performedcorrectly.In
both thepracticeandtheexperimentaltrials,it wasalwaystheleft animalwhofirst imitated
thelargeranimal.Childrencouldpressabutton afterthesecondsmallanimalhadspoken.

Stimuli. Thestimuli consistedof eightminimal pairsof non-words.Everyminimal pair
waspresentedeighttimesduring theexperiment.Thestimuli weredisyllabicnon-wordsthat
werephonotacticallylegalin English(andDutch).Theconsonantpairs/b/-/s/, /k/-/ɡ/ and
/f/-/θ/ werepresentedin two differentVCV carriersequences(/әCi/ and/әCa/).Thevowel
contrast/ε/-/ñ/ waspresentedin two differentVCVC carriersequences(/әpVp/ and/әtVt/).

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

https://doi.org/10.1371/journal.pone.0229902.g001
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Recordingsof thestimuli weremadeby threefemalenativespeakersof StandardAmerican
English,eachto representthevoiceof onedesignatedanimal.Foreachspeaker,eachstimulus
wasrecordedfour timeswhile theyreadthestimuli onebyonein randomorder,in aclear
citationstyle.Recordingsweremadein asoundproofbooth.Thesamplingrateat recording
was44.1kHz.

The64trialswerepresentedin eightblocksof eightitemseach.Eachcontrastappeared
twicein eachblock.Trialswerepresentedin pseudo-randomorder:No morethanonetrial
targetingthesamecontrastandno morethantwo trialswith thesamecarriersfollowedeach
other,andthesameanimaldid not saythecorrectanswermorethanthreetimesin arow.The
numberof timeseachof thesmalleranimalscorrectlyrepeatedthelargeranimalwascounter-
balancedacrossthetwo smalleranimalswithin blocks.

Vocabulary. To investigateto whatextentchildrenhadknowledgeof both languages,and
to examineto whatextentthethreetype-of-English-acquisition groupsdifferedfrom each
otherin their knowledgeof theselanguages,EnglishandDutchvocabularyweremeasured.
Englishvocabularywasmeasuredwith thePPVT-4[51] andDutchvocabularywith the
PPVT-III-Dutch [52]. Thetest-retestreliability coefficientsfor childrenagedbetween4;0and
13;0yearsareveryhigh,rangingfrom .91to .94for theEnglishversion[51], andbetween.91
and.96for theDutchversion[52]. In both tests,thechild ispresentedwith aspokenword and
isaskedto indicatethecorrespondingpictureout of asetof four. TheEnglishtestconsistsof
228items,theDutchoneof 204.Itemsaregroupedin setsof 12.Therulesfor administration
asgivenin themanualwerefollowed.Testingstoppedif childrenmademorethanthemaxi-
mum numberof errorsin oneset(eightfor theEnglishandnine for theDutchPPVT).The
scorewascomputedasthenumberof correctlyperformeditems.

Intelligence. To control for possibledifferencesin intelligence,the`Matrix Reasoning'
subtestof theWechslerNonverbalScaleof Ability wasadministered[53]. Thesubtestconsists
of 41matricesof whichonepieceismissing.Thechild isaskedto indicatethecorrectpiece
amongstfour or fivealternatives.Testingisstoppedwhenfour or fiveerrorsaremadein five
consecutiveitems.Thetotalnumberof correctitemsdeterminesthescore.

Procedure

Childrenweretestedindividually in aquietroom,eitherat school(early-Englishandmain-
streampupils)or at home(bilingualchildren).For theparticipantstestedat school,the
taskswerepresentedin two sessionsof 25minuteseach.In thefirst session,thePPVT-4
wasadministeredfirst, followedby thefirst part of theXAB task(4 blocks,32trials).Ses-
siontwo startedwith thesecondpart of theXAB task,followedby Matrix Reasoningand
thenthePPVT-III-NL. Thebilingualchildrentook part in a largerstudyin whichmultiple
taskswereadministeredwhicharenot reportedhere.For them,like for theearly-English
andmainstreamchildren,theXAB taskwasalwaysadministeredat theendof thefirst ses-
sionandat thebeginningof thesecondsession,thePPVT-4in thefirst session,andthe
PPVT-III-NL in thefinal session.For all (mainstream,early-English,andbilingual)chil-
drenexceptfour, thetwo sessionswereadministeredon two separatedays,whichwereon
average8 daysapart(SD = 11;of thosefour exceptionalchildren,threedid both sessionson
thesameday,andoneparticipatedonly in thefirst session).For fivebilingualchildren,the
matrix reasoningtaskwasnot (or not correctly)administered,for threebilingualchildren,
thePPVT-4,andfor two bilingualchildrenthePPVT-III-NL wasnot (correctly)adminis-
tered.Scoresfor thesechildrenon thesetasksaremissing.Responsesto all taskswereregis-
teredon alaptop(XAB task)and/ornoteddownby theexperimenter(PPVTsandMatrix
Reasoning).
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Results

Data screening XAB task and differences in background variables

Eachindividual participant'sresponsepatternwasinvestigated.Weremoveddatawherechil-
dreneitherconsistentlypressedtheleft or theright button,or pressedthetwo buttonsin strict
alternation.First,weremovedall thedataof childrenwhoshowedsuchapatternthroughout
theentiretask(n = 9;2 earlybilinguals,4 early-English,and3 mainstreampupils;all were4-
5-year-olds).Next,weremoveddataof individual sessionsthatshowedsuchapattern:The
first sessionwasremovedfor oneparticipantfrom amainstreamschool,andthesecondses-
sionfor threeearly-Englishandtwo mainstream-schoolpupils,all in the4±5yearold group.
After that,weremoveddataof individual blockswith sucharesponsepattern.In total,23
blockswereremoved,from sevenearly-Englishandninemainstream-schoolpupils,onein the
11±12yearold group,two in the8±9yearold group,and13in the4±5yearold group.Next,
weremovedtrialson whichparticipantshadRTsthatweremorethan2.5SDsabovetheir own
meanRT.Dueto atechnicalerror in thetask,thereactiontimesof oneparticipant(4±5year-
old mainstreampupil) werenot registered.Thisparticipantwasremovedfrom thedata.In
total13.3%of thedatawereremoved.Next,somepupilshadaproportion correctof lessthan
.60on theperceptuallyeasy/b/-/s/ contrast.Asthiswastakenasanindication that thosechil-
dreneitherdid not understandthetaskor werenot concentrating,all dataof thosechildren
wereremovedaswell (9 children;eight4-5-year-olds,one11-year-old;fiveboys,four girls,
two mainstreampupils,fiveearly-Englishpupils,two bilingualchildren).For theremaining
participants,averageproportionscorrect(andSDs)areshownin Table1.

Information on age,andmeanscoreson all backgroundmeasuresareshownin Table2.
For thebilingualchildren,thetablealsocontainsinformation on howoften(in %of time)
bilingualchildrenwerespokento in Englishathome(asopposedto Dutch),calculatedasthe
percentageof time Englishwasusedbyparentsduring thehoursparentsandchildrenwere
together.To calculatethispercentage,wefirst calculatedthenumberof hoursthatchildren
andeachof their parentsself-reportedlyspenttogetherduring theweek.Parentsindicated
whatpercentageof time theyspokeEnglishto their children(asopposedto Dutchor another
language).Weusedthispercentageto calculatethenumberof hoursperweekthatparents
spokeEnglishto their childrenThisnumberwasthenusedto calculatethepercentageof time
thatchildrenwereexposedto Englishby their parents.Next,wealsocalculatedhowoften
(againin %of time) thisEnglishcamefrom anativespeakerparent(asopposedto anon-
nativespeaker).Thiswasdoneby1) checkingwhetherbothparentswerenativespeakers,2) if
not, howoftenthenon-nativespeakerparentusedEnglish,and3) calculatingthepercentage
of time thenativespeakingparentspentwith thechildren(asopposedto thenon-nativespeak-
ing parent).

To assesswhetherthegroupswerecomparableon all measuresbesidesthevariablesof
interest(i.e.,thephoneticcontrasts),ANOVAs weredonewith Age(4-5-,8-9-,and11-
12-year-olds)andTypeof Englishacquisition(mainstream,early-English,bilingual)asinde-
pendentvariables.Weusedpartialeta-squaredasameasurefor effectsize,andfollowedthe
generalruleof thumb thateffectsbetween.02and.13aresmall,thosebetween.14and.26are
medium,andvaluesof .26andhigherarelarge[54].

For thedependentvariableAgein Months,therewasasignificantinteractioneffect
betweenAge(indicatedbyagegroups)andTypeof Englishacquisition(F(4,146)= 5.28,p =
.001,Z2

p= .126,R2
model= .952),Tukeyposthocanalysesshowedthat8-9-year-oldbilinguals

wereon averageyoungerthanmainstreamandearly-Englishpupilsin thesameagegroup,
and11-12-year-oldbilingualswereyoungerthanmainstreampupilsin thesameagegroup.
ForEnglishvocabulary,therewasamaineffectof Typeof Englishacquisition(F(2,148)=
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118.56,p< .001,Z2
p= .616,R2

model= .739).Tukeyposthoctestsshowedthat,asto beexpected,

bilingualsobtainedhigherscoresthanmainstreamandearly-Englishpupils.Mainstreamand
early-Englishpupilsdid not differ from eachother.Asexpected,all groupswerecomparable
on Dutchvocabulary(R2

model= .861),andintelligence(R2
model= .561;all ps> .05).

Thegroupswerealsocomparedon out-of-schoolexposureto English.Only alimited num-
berof parentscompletedthequestionnaire.Therefore,Agewasnot includedin theanalyses,
andanANOVA with Typeof Englishacquisitionastheonly independentvariablewasper-
formed.Asexpected,theweeklynumberof hoursof out-of-schoolexposureto Englishdid not
differ amongthegroups(F(2,83)= 0.07,p> .05,Z2

p= .002,R2
model= -.022).

Perception of phonetic contrasts

Thesensitivitymeasured’ with acorrectionfor near-perfection[55] wascalculatedfor each
contrastandfor eachparticipantseparately,usingthedprime.abxfunction from thepsyphy
packagein platformR(version3.6.2).Onememberof eachcontrastpair wastakenasthetar-
get(/b/, /k/, /f/, and/ε/, respectively).In casethechild heardthissoundandpressedthecor-
rectbutton, thatwascountedasa`hit', if theincorrectbutton waspressed,thatwascountedas
a`miss'.If thechild heardtheothersound(/s/, /ɡ/, /θ/, or /ñ/, respectively)andshepressed
thecorrectbutton,thiswascountedasa`correctrejection,if thewrongbutton waspressed,it
wascountedasa`falsealarm'.Thed’ wasthencalculatedasthedifferencebetweenz-trans-
formedhitsandfalsealarms.A d’ of 0 indicatesthatperformanceisatchancelevel,anda
higherd’ valueindicatesabetterability to discriminatebetweenthetwo membersof thepho-
neticcontrast.Meanvaluesfor d' arepresentedin Fig2.

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-

English

Bilingual Mainstream Early-

English

Bilingual Mainstream Early-

English

Bilingual

Englishvocabulary(rawscore,max.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 vocabulary (rawscore,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(rawscore,max.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 4.9 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)

Homeexposureto Englishmedia(hoursper
week)

N 3 15 10 4 11 17 4 6 16

M 4.00 7.93 12.77 5.63 11.82 11.56 29.75 25.46 16.03

(SD) (1.00) (5.75) (6.33) (3.47) (7.97) (10.64) (41.62) (11.33) (8.99)

%exposureto Englishathome(from
parents,eithernativeor non-nativespeaker
of English)

N - - 10 - - 18 - - 16

M - - 58.8 - - 51.4 - - 53.1

(SD) (24.3) (14.8) (19.1)

%exposureto Englishfrom nativespeaker
parent(s)

N - - 10 - - 18 - - 15

M - - 84.2 - - 80.6 - - 77.3

(SD) (21.9) (23.7) (23.8)

https://doi.org/10.1371/journal.pone.0229902.t002
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An ANOVA with Contrast,AgeandTypeof Englishacquisitionasfixedfactors,andd’
scoresasdependentvariablewasperformed.Thereweresignificantmaineffectsfor all fixed
factors(Contrast:F(4,604)= 317.64,Z2

p = .612;Typeof Englishacquisition:F(2,604)= 54.78,

Z2
p = .154;Age:F(2,604)= 72.59,Z2

p = .194;all ps< .001,R2
model= .691),andsignificantinterac-

tionsbetweenAgeandContrast(F(6,604)= 12.09,p< .001,Z2
p = .107),andTypeof English

acquisitionandContrast(F(4,604)= 6.32,p< .001,Z2
p = .059).Thethree-wayinteractionwas

alsosignificant(F(12,604)= 1.97,p = .025,Z2
p = .038).

To follow up on this three-wayinteraction,weperformedthesameanalysisbut without
Agefor eachof theagegroupsseparately(seeTable3).Theresultsof all threeanalysesshowed
maineffectsof Typeof EnglishacquisitionandContrast,andfor 8-9-and11-12-year-oldsa
significantinteractioneffect.Posthoctests(TukeyHSD)showedthat in all threeagegroups,
all English-acquisition-typegroupsobtainedthehighestd’ scoreson the/b/-/s/ contrast,fol-
lowedby the/k/-/ɡ/ contrast,which in turn hadhigherscoresthantheothertwo contrasts.In
both the4-5-and8-9-year-olds,scoreson the/f/-/θ/ and/ε/-/ñ/ contrastsdid not significantly
differ.SignificantdifferencesamongtheEnglish-acquisition-typegroupsemergedfor the11-
12-year-oldsfor thecomparisonbetweenthe/f/-/θ/ and/ε/-/ñ/ contrasts:For the11-12-year-
old mainstreampupils,scoreson the/f/-/θ/ and/ε/-/ñ/ contrastsdid not significantlydiffer.
For the11-12-year-oldearly-Englishpupils,scoreson /f/-/θ/ weresignificantlyhigherthanfor
/ε/-/ñ. For the11-12-year-oldbilinguals,to thecontrary,scoreson /ε/-/ñ/ weresignificantly
higherthanfor /f/-/θ/.

Fig 2. Mean values (with SD) for d’, for each group separately. Pairwisesignificantdifferences(Tukeyposthoctests)are
indicatedwith �p< .05,��p< .01,���p� .001.

https://doi.org/10.1371/journal.pone.0229902.g002
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To investigatewhethertherewereeffectsof bilingualismor Ageon thed’ of thedifferent
contrasts,four separateANOVAs wereconducted,onefor eachcontrast.In eachof theseanal-
yses,Typeof EnglishacquisitionandAgewerefixedfactors,andthed' on eachof thecontrasts
wasthedependentvariable.Theresultsareshownin Table4.

Therewasamaineffectof Typeof Englishacquisitionfor all contrastsexcept/b/-/s/. Bilin-
gualsoutperformedbothmainstreamandearly-Englishpupilson all contrastsexcepttheeasy
control contrast/b/-/s/, althoughfor the/ε/-/ñ/ contrasttherewasasignificantinteraction
with Age;theposthoctestsrevealedthatonly older(i.e.,8-9-and11-12-year-old)bilinguals
significantlyoutperformedbothothergroups,whereasthebilingualsin the4±5yearold group
outperformedonly theearly-Englishandnot themainstreampupils.Early-Englishpupils
neverscoredsignificantlydifferentfrom mainstreampupils.

Further,therewasasignificantmaineffectof Age,showingthatyoungerpupilsperformed
significantlylesswell thanolderpupils,for all contrastsexcept/ε/-/ñ/. On the/k/-/ɡ/ contrast,
all threeAgessignificantlydifferedfrom eachother.On the/b/-/s/ contrastthe8-9-and11-
12-year-oldssignificantlyoutperformedthe4-5-year-olds,but theformer two groupsdid not

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 Z2
p Post hoc df F Z2

p Post hoc df F Z2
p Post hoc

Intercept 1 189.68��� .513 1 717.54��� .785 1 1250.49��� .846

Contrast 3 48.28��� .446 b>k>f,e 3 123.34��� .654 3 195.05��� .720

Typeof
English
acquisi
tion

2 8.77��� .089 B>EE,M 2 17.18��� .149 B>EE,M 2 38.19��� .251 B>EE,M

Contrast
x
Category

6 0.90 6 3.89�� .106 b>k>f, e(all groups) 6 6.94��� .154 b>k>f,e(M)

b>k>f>e(EE)

b>k>f<e(B)

180 196 228

N.B.Z2p:< .02-.13small,.14-.26medium,>.26large;M = Mainstream,EE= Early-English,B = Bilingual.

https://doi.org/10.1371/journal.pone.0229902.t003

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

/b/-/s/ /k/-/ɡ/ /f/-/θ/ /ε/-/æ/

df F Z2
p Post hoc F Z2

p Post hoc F Z2
p Post hoc F Z2

p Post hoc

Typeof English
acquisition

2 1.32 .017 22.26��� .228 M,EE<B 6.72�� .082 M,EE<B 44.78��� .377

Age 2 59.32��� .440 4±5<8±9,11±12 48.95��� .393 4±5<8±9<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:no sign.diff.

8±9:M, EE<B

11±12:M,EE<B

Error 151

R2
model .456 .491 .165 .419

�p< .05;
��p< .01;
���p< .001

N.B.Z2p:< .02-.13small,.14-.26medium,>.26large;M = Mainstream,EE= Early-English,B = Bilingual.

https://doi.org/10.1371/journal.pone.0229902.t004
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significantlydiffer from eachother.On the/f/-/θ/ contrastthe11-12-year-oldsoutperformed
the4-5-year-olds,but the8-9-year-oldsdid not differ from theothertwo agegroups.The
sameanalyseswithout thechildrenwhowereexposedto threeor four languagesrevealedthe
samepatternof results,for all contrasts.Whentheanalysesfor d’ wereperformedagainwith
thechildrenwhohad<60%correcton the/b/-/s/ contrast,theresultslargelyremainedthe
same,with only someminor shiftsin theoutcomesregardingtheagedifferences.Wealsocar-
ried out multi-levelanalysesto addressthenestedstructurewith childrenunderschools.
Theseanalyses,with Schoolasarandomfactor,largelyreflectedthoseof theANOVA, with
only minor detailsin the/k/-/ɡ contrast.Wethereforereportedtheanalyseswith thesimplest
structure(theANOVA).

Discussion

Theaimof thisstudywasto investigatewhetherDutchchildrenreceivingearly-Englisheduca-
tion werebetterableto discriminatebetweenEnglishphoneticcontraststhanchildrenattend-
ing mainstreamDutchprimary schools,andwhethertheywereasgoodaschildrengrowingup
bilinguallyin DutchandEnglish.Thisquestionwasinvestigatedin threedifferentagegroups:
4-5-year-oldswhohadjuststartedprimary school,childrenwhowerein themiddleof primary
school(8-9-year-olds),and11-12-year-oldchildrenwhowereat theendof primary school.

Thefirst researchquestionwaswhetherthethreeEnglish-acquisition-typegroupsof chil-
dren(mainstream,early-English,bilingual)differedin their abilitiesto perceiveEnglishspeech
sounds.Thehypothesiswasthatbilingualchildrenmight outperformbothearly-Englishand
mainstreampupils.For thelattertwo groups,wehypothesizedthat if anything,theearly-
Englishpupilsmight performbetteron thespeechperceptiontaskthanthemainstreampupils.
Thefirst partof thishypothesiswasconfirmed,thesecondwasnot. That is,thebilinguals
showedgreatersensitivitythanthetwo othergroupson all thecontrastpairsexcepttheeasy
control contrast/b/-/s/ (i.e.,/k/-/ɡ/, /f/-/θ/, /ε/-/ñ/) but theearly-Englishpupilsdid not show
betterperformancethanthemainstreampupils.Thesecondhypothesiswasthat therewould
beagedifferencesin performanceon thedifferentcontrasts.In line with previousresearch
[14], wefound thatchildrenbetween4and12yearsold showanincreasein phonemecatego-
rizationperformance.Thiseffectwaslargerfor the/b/-/s/ thanfor the/k/-/ɡ/ contrast,and
smallestfor the/f/-/θ/, asshownbyalarge,medium,andsmalleffectsizerespectively.

Theyoungestgroup(4-5-year-olds)alwaysshowedlesssensitivityto thecontraststhanthe
olderpupils,evento theeasy/b/-/s/ contrast.Thismaybeexplainedbydevelopmentaldiffer-
encesin phonemiccategorization,aspreviousresearchhasshownthatchildrencontinueto
refinetheir phonemiccategorization,andthatevenat theageof 12theyarenot asgoodas
adults[14].

The11-to 12-year-oldchildrendid not performbetterthan8-to-9-year-oldchildrenon the
/f/-/θ/ contrast,whereastheydid for the/k/-/ɡ/ contrast.PAM predictionsfor categorygood-
nesscontrastpairsarethatL2 learnerslearnto hearthedifferencesbetweenthetwo phonemes
aftersomeexperiencewith theL2 [40]. It maybethat therelativelysmallamountof time that
mainstreamandearly-Englishpupilsareexposedto Englishisenoughfor aninitial growthin
sensitivitytowardsthe/f/-/θ/ contrast,but not enoughfor afurther improvement.On the
otherhand,theoldestgroupof bilingualchildrendid not performsignificantlybetterthanthe
8-9-year-oldgroupeither.EvenadultEnglishnativespeakersfind /f/ and/θ/ to beperceptually
confusable[41,47].Therefore,thedifficultiesthat theearly-Englishpupilsexperiencedwith
thiscontrastarehardlysurprising.In fact,it couldbethatbetween8±9yearsand11±12year,
perceptionof thiscontrastdoesnot measurablydevelop.
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For the/ε/-/ñ/ contrast,mainstreamandearly-Englishpupilsof all agesperformedat
chancelevelandshowedno improvementatall with age.Accordingto thepredictionsout-
lined in PAM-L2 [40], bothmembersof suchasinglecategorycontrastshouldbeperceivedas
asimilarlygoodor poorexemplarof theclosestnativephonemeandthereforelearnersarenot
likely to learnto distinguishbetweenthetwo members[40]. Weproposedthat /ε/ and/ñ/
shouldbeperceivedasanexemplarof theDutch /ε/, resultingin pupilsof all agesperforming
atchancelevel.Our resultsseemto confirm this reasoning.

Our third hypothesiswasthat theearly-Englishandmainstreampupils'perceptualdiffi-
cultywouldvaryacrossthephoneticcontraststestedanddependon thedegreeof similarity of
thosephonemesin EnglishandDutch.Thishypothesiswasbasedon BestandTyler [40] who
predictthatL2 learnerswill havedifficulty perceivingnon-nativespeechcontrasts,especially
whenoneor bothmembersareverysimilarbut not identicalto anativephoneticcategory.
Sincethebilingualchildrenwerenativespeakersof bothDutchandEnglish,wepredictedthat
their perceptionshouldgenerallybemoreaccurate.Wefocusedon four contrasts,whichwe
expectedto varyin difficulty for theearly-Englishandmainstreampupils:/b/-/s/ (easy),
/k/-/ɡ/ (intermediate),/f/-/θ/ (hard),and/ε/-/ñ/ (veryhard).Our hypothesisthatperceptual
difficulty wouldvaryacrossthephoneticcontrastswasconfirmed.All children(mainstream,
early-English,andbilingual)performedbeston the/b/-/s/ contrast.All Type-of-English-
acquisitiongroupsperformedrelativelywellon the/k/-/ɡ/ contrasttoo,althoughscoreswere
significantlylowerthanon the/b/-/s/ contrast.Weexpectedthek/-/ɡ/ contrastto beof inter-
mediatedifficulty, asDutch,first, contrastsbetweenvoiceless-voicedplosivesatotherplacesof
articulationandsecond,contains/ɡ/ in loanwordsandthird, containsit asanallophoneof
/k/. Confirming our hypothesisthatL2acquiringpupilswouldhavelessdifficulty with the
/k/-/ɡ/ contrastthanwith the/f/-/θ/ or ε/-/ñ/ contrast,mainstreamandearly-Englishpupils
performedworston thesetwo lattercontrasts.For theoldestgroupof bilingualchildren,the
performancepatternwasdifferent:theyperformedworseon /ε/-/ñ/ thanon /k/-/ɡ/, but they
hadevenmoredifficulty with /f/-/θ/.

PAM-L2doesnot differentiatebetweennovelL2soundsthat listenersareentirelyunfamil-
iar with, andsoundsthat theydo havesomeL1experiencewith, becausetheyrepresentasys-
temgapsuchthat theyarefamiliar with relevantfeatures,or becausetheyoccurin theL1 in
loanwordsor asallophones.In thisstudy,wetestedperceptionof two contrastsof thecategory
goodnesstype,/k/-/ɡ/ and/f/-/θ/. Our results,with betterperformancefor /k/-/ɡ/ thanfor
/f/-/θ/, imply thatL2 learnershavelessdifficulty distinguishingbetweentwo membersof a
contrast(here/k/-/ɡ/) whentheyhaveL1experiencewith thetypeof contrast(in thiscase
concerningstopvoicing)or with the`absent'phonemeitself(becauseit occursin L1asamar-
ginalphonemeandanallophone),thanbetweenthoseof acategorygoodnesscontrastthat
doesnot havethisbenefitof L1 familiarity (here/f/-/θ/). An alternativeexplanationfor thedif-
ferencebetweenpupils'performanceon the/k/-/ɡ/ contrastandthe/f/-/θ/ contrastcouldbe
that thedifferencebetween/f/-/θ/ is intrinsicallydifficult, in line with thebilinguals'relatively
low performanceon thiscontrast.A studywith Englishmonolingualinfantsinvestigatedthe
hypothesisthat it iseasierto discriminatebetweenbetween-organarticulationcontrasts(in
thisstudy/f/-/θ/) thanwithin-organarticulationcontrasts(in thisstudy/s/-/θ/), but this
hypothesiswasnot confirmed[58]. Accordingto thishypothesis,/f/-/θ/ shouldhavebeeneas-
ier to distinguishthan/k/-/ɡ/. Thatwas,however,not thecase.It waseventheotherway
around.Wethereforerejectthisalternativeexplanation,andadhereto our explanationthat
eventhoughboth the/k/-/ɡ/ andthe/f/-/θ/ contrastareCategoryGoodnesscontrasts,theyare
fundamentallydifferent.Furtherresearchon adultandchild L2 learners'performanceon dif-
ferenttypesof categorygoodnesscontrastsisneededto confirm whethercontrastssuchasthe
/k/-/ɡ/ in thisstudyaretreateddifferentlyin L2 learning.
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Theoverallaimof thisstudywasto investigateif childrenwhoarelearningEnglishby
meansof anearly-Englisheducationalprogrammeoutperformtheir peerswhoarenot enrolled
in suchaprogramme.Early-Englishpupilsdid not outperformmainstreampupilson anyof the
non-nativecontrasts.Notethatproblemswith performanceon thesecontrastscannotbedueto
thedifficulty levelof thetaskitself:Evenchildrenin theyoungestgroupwerecapableof per-
forming thetask,asindicatedby their performanceon theeasy/b/-/s/ contrast.Therearesev-
eralexplanationspossiblefor theseoutcomes.Firstof all, it maybethat thelimited exposureto
Englishatschoolissimplynot enoughfor early-Englishpupilsto learnthedifferencebetween
Englishspeechsounds,or for pupils'knowledgeof Englishin generalto develop.

Second,it couldbethat theexposureto Englishthatchildrengetathomeismoreimportant
thantheinput atschool.Theavailableparentalquestionnairedatashowthatbothmainstream
andearly-Englishpupilshadconsiderableexposureto Englishmediaathome,andthatearly-
Englishpupilshadmoreexposureto Englishout of schoolthanin school.Unfortunately,
information aboutout-of-schoolexposurewasnot availablefor all children.Exploratorypar-
tial correlationanalysesbetweenout-of-schoolexposureandperformanceon eachof thecon-
trastpairswhilecontrolling for agerevealedno significantrelationsbetweenthetwo variables
(for /b/-/s/: r = 0.183;/k/-/ɡ/: r = .048;/f/-/θ/: r = .005;/ε/-/ñ/: r = -.007;all ps> .05).Although
for acorrelationanalysisto bemoreinformative,theseresultssuggestthatout-of-schoolexpo-
sureto Englishdoesnot contributeto pupils'perceptionof Englishcontrasts.

An alternativeexplanationfor thelackof adifferencebetweentheearly-Englishandmain-
streampupils' resultscouldbethat typeof exposurethatpupilsreceiveatschooldoesnot con-
tribute to theperceptionof L2speechcontrasts.Asoutlinedin theintroduction, English
educationin Dutchschoolsisgenerallyaimedat improvingpupils'oralproficiency,andspe-
cificallyat improving their speakingandlisteningskillsandtheir vocabularyknowledge[35].
Its goalis furthermoreto advancepupils'understandingof spokenEnglishandwritten English
texts,andfor themto becomeable(andconfident)to communicatein English[34]. Asbeing
ableto hearandproducethedifferencesbetweenEnglishspeechsoundsisnot oneof thegoals
for Englisheducation,explicit instructionon perceptionor pronunciationof Englishpho-
nemesappearsnot to bepartof theeducationalcurriculum.In addition,Englishlessonsare
generallyprovidedby theregularclassroomteacher[27]. AlthoughtherequiredEnglishprofi-
ciencylevelisB2(intermediate),teachers'proficiencylevelsvarylargely,with asubstantial
numberof teachersnot obtainingtherequiredlevel[27]. Asaconsequence,teachersmaynot
correctlyproduce(someof the)Englishspeechsounds.Wedid not measuretheteachers'abil-
ity to producethespeechcontrastsin question,sowedo not knowwhetherpupilsreceivedthe
correctinput. GiventhatDutchspeakersof Englishhavedifficulty with pronouncing/θ/ [56],
/ε/, and/ñ/, and,albeitto alesserextent,/ɡ/ [42], it maythuswellbethat teacherswerenot
ableto producethesesounds.Theymaytherebyprovidingchildrenwith Dutch-accented
English,in whichthesesoundswerenot pronouncedcorrectly,andlimiting thepossibilities
for pupilsto implicitly learnto distinguishbetweenthosespeechsounds.However,evenif
someteacherswereableto producethespeechsoundscorrectlythequestionis to whatextent
thatwill positivelyinfluencepupils'speechperceptionskills:pupilsusuallyhavetwo class
teachers,havedifferentteacherseveryschoolyear,andreceiveadditionalEnglishinput via
Englishmedia,andtheinfluenceof anindividual teacherisprobablylimited.

Theresultsof thisstudyarenot in line with thepremisethatearly-Englisheducationhasa
positiveeffecton pupils'Englishlanguageknowledge.Wedid not find anyadvantagesfor the
early-Englishgroupcomparedto themainstreamgroupin their perceptionof Englishspeech
sounds.Wealsomeasuredpupils'Englishvocabulary,to examinewhetherearly-English
pupils'Englishvocabularyisgreaterthanthatof mainstreampupils.Contraryto whatmight
beexpected,wedid not find advantagesfor theearly-Englishgroupin thisdomaineither.As

PLOS ONE Perception of English phonetic contrasts by Dutch children and Dutch-English bilinguals.

PLOS ONE | https://doi.org/10.1371/journal.pone.0229902 March 11, 2020 16 / 21

https://doi.org/10.1371/journal.pone.0229902


wetestedfour differentspeechcontrastsandreceptivevocabularyonly,wecannotruleout the
possibilitythatearly-Englisheducationmaybebeneficialfor otherdomainsof Englishlan-
guagedevelopment,suchasactivevocabularyor grammarknowledge.Nevertheless,theseout-
comesareimportant for policymakers,whobasetheimplementationof Englisheducational
programmespremisesthatearly-Englisheducationwill almostautomaticallybenefitpupils'
Englishlanguagedevelopment.Suchpremisesareoftenbasedon findingsthatshowthatchil-
drenwhoaregrowingup bilinguallyin naturalisticsettingssuccessfullymastertwo languages
[49].Therearenumerousways(e.g.learningtwo languagesathome),however,in whichgrow-
ing up with two languagesdiffersfrom learninganewlanguageatschoolwhileonelanguage
hasalreadylargelydeveloped[49]. Thisstudyshowsthatearly-Englisheducation,asit iscur-
rently implementedin theDutchschoolsystem,mayhaveverylimited effectson pupils'abili-
tiesto perceivedifferencesbetweenEnglishspeechcontrasts±atleaston theoneswetestedin
thisstudy.This finding doesnot ruleout thatEarly-Englisheducationmight bebeneficialto
pupil'sperceptionof Englishspeechcontrastsif teachingperceptionandpronunciationof
non-nativephonemesreceivesamoreprominentrole in thecurriculum.Researchwith adults
hasshownthat for thoselearninganL2aftertheir L1hasalreadybeenlargelyestablished,both
perceptionandpronunciationteachingmaybenefittheacquisitionof non-nativespeechcon-
trasts[57,58],evenwhentheteacherisnot anativespeakerherself[59].

Asour studywasnot longitudinal,wecannotruleout thepossibilitythatearly-English
pupilsolderthanfour but youngerthaneight(i.e.,betweentheagesatwhichwetestedthem)
haveanadvantagein vocabularyor in theperceptionof the/k/-/ɡ/ or /f/-/θ/ contrastthat the
mainstreampupilslatercatchup on.Thiscross-sectionalstudyneverthelessprovidesafirst
andimportant explorationof thequestionwhetherearly-Englishprogrammesarebeneficial
for pupils'perceptionof Englishspeechcontrasts.Becauseweassessedpupilswhowereat the
endof primary school,wecouldshowthatevenaftereightyearsof Englishlessons,pupilsare
not betterableto perceiveEnglishspeechcontraststhatdo not existin Dutch thanpupilswho
startedEnglisheducationlittle morethanayearbeforebeingtested.Byinvestigatingmultiple
contraststhatvariedin difficulty, wehaveshownthatyounglearnersof English,both in early-
Englishandin mainstreameducation,did manageto learnto distinguishthedifference
betweenmembersof somenon-nativephonemepairs,but only thosethatwereeasyor of
moderatedifficulty.

Conclusions

Thisstudyshowsthatearly-Englisheducationisnot beneficialto non-nativespeechpercep-
tion: Dutchchildrenwhogetamaximumof two hoursof Englishlessonsperweekfrom the
momenttheyenterprimary schoolat theageof four arenot betterableto perceivethediffer-
encebetweenmembersof Englishcontraststhanchildrenwhostartin thepenultimategrade
of primary school.Childrengrowingup bilinguallywith Dutch andEnglishwere,however,
betterathearingthedifferencesin all phoneticcontrastsexcepttheeasycontrol contrastthan
thechildrenwhodid not growup bilinguallyathome.Startingto acquireEnglishin an
instructedsettingatayoungagethusappearsnot to bebeneficialfor learningto perceptually
distinguishnon-nativecontrasts.Forpupilsto learnto perceivenon-nativespeechcontrasts,
perception(andpronunciation)instructionshouldgetamoreprominentrole in theearly-
Englishcurriculum.
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