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Hwang,Injah.(2015).AnacousticAnalysisofEnglishVowelsproducedbyKorean

UniversityStudents.TheLinguisticAssociationofKoreaJournal,23(1),65-90.This

paperinvestigatedKoreanuniversitystudents'productionofEnglish/ɪ/,/ɛ/,/æ/,

/ʌ/,and/ɔ/vowelsinminimalpairsettingsof/ɪ/&/ɛ/,/ɛ/&/æ/,and/ʌ/&

/ɔ/.Thirtyfemalefreshmen(15higher-and15lower-proficiencygroup)were

recruitedandtheirproductionwasanalyzedintermsofacousticvaluessuchasF1,

F2,andduration.Theresultsindicatedthatbothgroupsdifferentiatedthevowel

contrastbetween/ɪ/and/ɛ/,buttheydidnotproducethevowel/ɪ/accurately.

Also,mostoftheparticipantshadagreatdifficultydifferentiatingbetween/ɛ/&

/æ/,and/ʌ/&/ɔ/intermsofF1andF2valuesalthoughhigher-proficiencygroup

outperformedlower-proficiencygroup.Inparticular,allofthesubjectshadthemost

difficultyproducing/ɔ/accurately.Asforduration,thelengthof/æ/and/ɔ/

vowelsproducedbybothgroupswasmuchshortercomparedtonativenorms

whereasthedurationof/ɪ/,/ɛ/and/ʌ/vowelswassimilartonativetalkers.
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1. Introduction

Therehasbeenalotofresearchonsecondlanguage/foreignlanguage

(hereafterL2)phonologicalacquisitionandithasbeenwidelyacceptedthata

greatnumberofESL/EFLlearnershavedifficultyincorrectlyacquiringEnglish

soundcategories.Manyfactorsrelatedtothismatterarereportedsuchasnative

language(hereafterL1)transfer(Weinreich,1953;Flege& Hillenbrand,1984;

Munro,& Bohn2007),ageofL2acquisition(Lenneberg,1967;Oyama,1979;
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Scovel,1988;Bronstein,1989;Flege,Yeni-Komshian,andLiu,1999),extentofL1

and L2 use (Flege,Frieda,& Nozawa 1997;Moyer,2004),L2 learning

environment(Flege&Liu,2001)andsoon.

Ausubel(1963)assertedthatalllearninginvolvessometypeoftransferand

thereshouldbenecessaryconditionsneededfortransfertooccur.Withregard

toL1transferinL2acquisition,Trubetzkoy(1939/1958)claimed,requotedby

Major(2008),thatthe“sieve”oftheL1“filters”one'sperceptioninanL2.Inthe

1960s,ContrastiveAnalysis(hereafterCA)on L2acquisition isthemost

dominantinlanguageteaching.BasedonCA,itwasbelievedthatpredictedall

L2errorscanbeexplainedwithinL1transfer.AftersomecriticismofCAinthat

alotofL2learnersdidnotmaketheanticipatederrors,theweakversionofCA

wasintroduced.OllerandZiahosseiny(1970)contendedthatsimilarpatternsin

L1andL2leadtomoredifficultythandissimilarpatterns.Inspiteoftheweak

version,CAlostitspopularityofthepeakperiod,andlateritwasconsidered

oneofinterlanguagefactorsbySelinker(1972).

InL2phonology,L1transferwasdescribedwithavarietyoftypesofsound

transfersuchassoundsubstitution,under-differentiation,over-differentiation,

reinterpretationofdistinctions,phonotacticinterference,andprosodicinterference

(Weinreich,1953;Haugen,1956).SoundsubstitutiontakesplacewhenL2learners

usetheclosestL1equivalentintheL2.Forexample,nativeFrenchspeakers

tendtouse/ʒ/forEnglish/ð/(Swan&Smith,2001)becausethesystem of

consonantsinFrenchdoesnothave/ð/.Incaseofunderdifferentiation,it

occurswhentheL2hasmorephonemiccategoriesthantheL1.L1Frenchdoes

nothavedistinctionsbetween /ɪ/ and /i/ sincethesetwo soundsare

allophonesinFrench.However,/ɪ/and/i/areseparatephonemesinEnglish,

sonativeFrenchspeakersareinclinedtouse/i/forboth/ɪ/and/i/in

English.Asforoverdifferentiation,therearedistinctivephonemesintheL1

whiletheL2doesnothavethisdistinctionasitisalsoappliedin/d/and/ð/

in L1English/L2Spanish.TheGerman languagedoesnothaveEnglish

tense/laxdistinctionsandGermanspeakersinterpretthesetense/laxdistinctions

aslongandshortdistinctions.Thisphenomenoniscalledreinterpretationof

distinctions.Phonotacticinterferenceisatypeofstrategywhichisusedfor

changingthesyllablestructureintheL2inordertoconformtotheL1syllable

structure.Forinstance,L1Koreanlearnerstendtoinsertthevowel/ɨ/when
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theyproduceL2English consonantclusterssinceKorean doesnotallow

consonantclustersin eitheronsetsorcodas.Thus,they produce'pretty'

/pɨ.rɪ.ti/insteadof'pretty/prɪ.ti/'.WhenL1andL2donotsharethesame

intonation system,prosodicinterference occurs.Forexample,L1 English

speakersproducesfallingintonationinutterancefinalwordswhentheyspeak

Mandarin,regardlessofthetoneinMandarin.

InconnectionwithL1transferinL2phonology,Flegeprobablyhasdone

moreresearchthananyotherresearcher.HeproposedSpeechLearningModel

(hereafter,SLM,1992,1995);thisSLM classifiesL2soundsbasedontheir

similaritytosoundsinL1.Accordingtothismodel,'identical'soundsdonot

causelearningproblems.However,itwasclaimedthat'similar'soundsarehard

tolearn.InSLM,similarsoundsareclosetoeachotherbetweenanL1andan

L2buttheyareslightlydifferentfrom aphonetic/acousticperspective.TheL2

speakersacceptsimilarsoundsasequivalenttothoseintheL1,while'new'

soundsareeasiertolearnbecausetherearedefiniteauthenticdifferences

betweenthenativelanguageandthetargetlanguage.Forexample,Flege(1987)

provedthattheFrench/y/ismoresuccessfullyarticulatedbyEnglishspeakers

becausethisvowelis'new'or'dissimilar'soundtonativespeakersofEnglish,

whereasFrench/u/,whichissimilartoEnglish/u/phone,isnotproduced

withdistinctionbynativespeakersofEnglish.Specifically,Flege(1995,2009)

contendedthatphonologicalsystemsofL1filteroutL2specificphonesand

hencethesephonesarenotwell-categorizedinL2speakers'inventory.Further,

thisinadequateperceptionimpedestheproductionofaccurateL2sounds.

PerceptualAssimilationModel(Bestetal.,1995,1997,2007)alsosupported

Flege'sSLM inthatsimilarL2soundsaremoreinterrelatedwithL1soundsand

theyarecategorizedasL1soundswhiledissimilarsoundsarecategorizedas

instancesofL2sounds.

InadditiontoL1transfer,ageofL2acquisitionisanotherimportantfactor

asto L2phonologicalacquisition.Usually,agefactorisrecognized with

Lenneberg'sCriticalPeriodHypothesis(hereafterCPH1967).ItissaidthatL2

foreignaccentiscloselyrelatedtobrainplasticityduringsensitiveorcritical

period.InsupportofCPH,60Italian-bornimmigrantstotheUS,whoseagesof

arrivalarevaried,werestudied.Theresultsshowed thatlateL1Italian

immigrantsproducedheavierforeignaccentthanearlyL1Italianimmigrants
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andthatlengthofresidencewasnotastrongindicatorofforeignaccent

(Oyama,1976).Scovel(1988)alsoassertedthatitisnoteasyforL2learnersafter

theageof12toacquireL2soundswithoutanaccentduetolackof"plasticity"

in theirbrain.Thereisanotherexperimentrelated toCPH.TheEnglish

production of240L1Korean immigrants'to U.S.wasrated by English

native-speakingjudges.Theparticipantswerevaried accordingtoagesof

arrivalandthefindingsrevealedthatthedegreesofaccentareextremely

dependentonagesofarrival(Flege,Yeni-Komshian,andLiu,1999).

ExtentofL1andL2use(Flege,Frieda,&Nozawa,1997;Moyer,2004),in

additiontoL1transferandageofL2acquisition,isalsoanimportantelement

withregardtoL2phonologicalacquisition.AccordingtotheresearchbyFlege,

Frieda,andNozawaamongL1ItalianimmigrantstoCanada,thosewhospoke

ItalianmorefrequentlyhadastrongerforeignaccentinEnglishthanthosewho

spokeItalianlessfrequently.Also,Moyer(2004)studied25immigrantsfromthe

US,Britain,France,Russia,Poland,Slovakia,andTurkeytoBerlin,whoseL2

Germanproficiencywasanadvancedlevelbuttheirlengthsofstayandagesof

arrivalwerevaried.OneofhissuggestionswasthattheL2learnersutilize

availablelinguisticresourcesveryeffectivelyandconsistently,whichmightbea

decidingfactorinconstraintsonphonologicalattainment.Moyerassertedthat

the subjects'levelofGerman proficiency isheavily correlated with the

interactionstonativespeakersofGerman.

Also,asforL2learningenvironment(Flege&Liu,2001),anotherinteresting

findingsweredrawn.InordertoassessL2learninginput,FlegeandLiu

investigatedadultChineseimmigrantslivingintheUS.Theresultssuggestedif

theseadultChineseimmigrantsreceiveaconsiderableamountofL2input,their

performanceintheL2mayimprovemeasurablyovertimeregardlessoftheir

lengthsofresidence(2001).

AsforKoreanlearners'acquisitionofEnglishvowelsoundcategories,Yun

(2005)presentedsomeinterestingsuggestions.WithrespecttoL1transfer,he

reportedthatKoreanlearners'experiencewiththeEnglishlanguagedidnot

havealotofinfluenceson theacquisition ofEnglish frontvowels.He

experimentedtheperceptionofEnglishfrontvowelsbyusingsynthesized

English/i-ɪ/(beat-bit)and/ɪ-ɛ/(bit-bet)continua.Therewerethreegroups;

nativeEnglishspeakersasacontrolgroup,anexperiencedgroupwhosemean
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lengthofresidenceisfrom6to13yearsintheUSasoneexperimentalgroup,

andaninexperiencedgroupwhosemeanlengthofresidenceisfrom1monthto

12monthsasanotherexperimentalgroup.Theresultsrevealed thatboth

experiencedandinexperiencedKoreansubjectsusedvoweldurationalcues

whentheyidentifiedthe/i-ɪ/continuumwhilethenativeEnglishcontrolgroup

dependedmoreonvowelspectralcues.However,unlikethe/i-ɪ/continuum,

bothgroupsofKoreansubjectsreliedonspectralcueswhenidentifying/ɛ/in

the/ɪ-ɛ/continuum.Yunassertedthattheexistenceofthevowel/ɛ/inKorean

contributedtothecategorizationofEnglish/ɛ/.Lee(2009)alsopresented

similarfindingsontheacquisitionofEnglishhightenseandlaxvowels(/i,ɪ,u,

ʊ/)in/hVd/contextbyKoreanlearnersintheUS.Sheclaimedthatunlike

nativeEnglishspeakersKoreanspeakersheavilyreliedonvoweldurationalcues

whentheydiscriminatedsynthesizedEnglishhightenseandlaxvowels.The

lengthsofresidenceoftheKoreansubjectswerequitevaried,whichisfrom10

monthsto5yearsintheUS.

ThereisanotherstudyonKoreanlearners'acquisitionofEnglishvowel

soundswithrespecttoL1soundtransfer.Kim (2010)investigatedperception

andproductionofEnglishfrontvowelsbyKoreanspeakerswiththeconceptof

"reinterpretationofdistinction"and"under-differentiation."Inthisexperiment,

Koreanspeakersdiscriminate/i/and/ɪ/relativelywellwhilemanyofthe

subjectswerenotabletodiscriminate/ɛ/and/æ/.ShecontendedthatKorean

speakersreinterpretedthedistinctionbetween/i/and/ɪ/bydurationasin

Koreaninsteadofotheracousticfeaturessuchasdegreesofheight,frontingor

rounding.Also,sheconcludedthatKoreanspeakershavetroubleproducing/i/

and/ɪ/distinctivelyaswellas/ɛ/and/æ/becausetheyunder-differentiated

Englishfrontvowels.

A lotofresearchexaminedabove,especiallystudiesontheacquisitionof

EnglishvowelsbyKoreanlearnersindicatedthatKoreanlearners'perception

or/andproductionofEnglishvowelswasnotthesameasthatofnativeEnglish

speakersduetotheinfluenceofKoreanspeakers'L1phonologicalsystem.

However,mostexperimentsinabovestudiesusedsynthesizedvowelstimulior

wordsin/hVd/contextratherthanfrequentlyusedrealwords.Moreover,most

previousstudiesfocusedontheacquisitionoffrontvowelsorhightenseand

laxvowelpairswithoutexploringanotherproblematicvowelpairslike/ʌ/and
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/ɔ/(Hwang& Lee,2012).Thus,itwouldbeofgreatinteresttoinvestigate

whichvowelsorvowelcontrastscausethehardestdifficultyinproducing

Englishvowelsorvowelcontrasts.Further,mostexistingstudiesexaminedthe

acquisitionofEnglishvowelsbyESLimmigrantslivingintheUS.Accordingly,

itisimportanttostudytheproductionofEnglishvowelsbyKoreanlearnersof

English in theEFL settings.Moreover,whetherlearners'differentEnglish

proficiencylevelhasanimpactontheproductionofEnglishvowelswillbe

investigated.

ThepresentstudyaimstoexploretheproductionofEnglishvowelsby

KoreanEFLlearnerstakingintoconsiderationtheeffectofL1transferinL2

vowelproductionwithseveralperspectives.Researchquestionsareasfollows:

(1)WhatisthemostplausiblereasonforcausingconfusionofEnglishvowel

contraststoKoreanEFLlearnerswhentheyproducetheEnglishvowelsounds?

IsitaL1transferoranyotherreasons?;(2)Whatisthemostproblematicvowel

pairtoKoreanEFLlearnerswhentheyproducethesounds?;(3)AreKorean

students'productionsofEnglishvowelsinfluencedbytheirEnglishproficiency?

Namely,dohigher-proficiencylevellearnersproduceEnglishvowelsounds

betterthanlower-proficiencylevelstudents?;(4)Whatkindofpedagogical

implicationscanbedrawnbasedontheresultsofthestudy?

2. Experiment 

ThepresentstudyinvestigatestheproductionofthefollowingEnglishvowel

contrastsinminimalpairsettingsof/ɪ/vs./ɛ/,/ɛ/vs./æ/,and/ʌ/vs/ɔ/,

which posetochallengetoKorean university students.First,theKorean

phonemicinventorydoesnothaveEnglish/ɪ/andtherehavenotbeenmany

experimentsonthedistinctionbetween/ɪ/and/ɛ/while/i/and/ɪ/pairhas

beenstudiedmorefrequently.Secondly,thepair/ɛ/and/æ/inKoreanhas

beenneutralizedandthemergerisprevailedespeciallyinKoreanyounger

generations.Theimpactofthismergerwasfoundtoinfluencetheproduction

andperceptionofthematchingEnglishvowelsbyKoreanspeakersofEnglish

(Flegeet.al.,1997).Moreover,thevowel/ɔ/inEnglishcauseacquisition

difficultyforKoreanlearnerssinceKoreandoesnothave/ɔ/intheirvowel
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inventory(Nilsen& Nilsen,1973).Thus,itismeaningfultoexaminewhich

vowelsorvowelcontrastscausethemostdifficultytotheKoreanlearnersof

Englishrelativetoothervowelsorvowelcontrasts.

2.1. Participants

Thirty female university students attwo differentlevels ofEnglish

proficiency(15inthehigherandlowerproficiencygroupeach)wereselected

fortheexperiment.Threedifferentmajors(English,Fashion Design,and

Broadcasting)attendingthesamewomen'suniversityinSeoulparticipatedin

thestudy.Therewere25,28,and23studentsineachclass.Theirageisbetween

19and21andallparticipantsaretakingtheFreshmanEnglishIclass,whichis

arequiredcourse.TheirEnglishproficiencylevelwasevaluatedonthebasisof

thelisteningcomprehensionandspeakingtestfrom thetextbookofFreshman

English I.40listening comprehension questionswereexcerpted from the

textbookwithamaximum scoreof40pointsandonespeakingpassagewas

chosenfrom thesamebookwithamaximum scoreof10points.Thelistening

testquestionsinthetextbookwereverysimilartotheofficialTOEIC test,

whereasthespeakingtestconsistedofreadingdiversepassages.Basedonthe

resultsofthelisteningandspeakingperformance,thehigherfivestudentsfrom

eachmajorwerecategorizedasahigher-proficiencygroupandthelowerfive

studentswereclassifiedasalower-proficiencygroup.1)Outof40pointsinthe

listeningcomprehensiontest,36.67wastheaveragescoreofthehighergroup

and24.8wastheaveragescoreofthelower-levelstudents.Themeanscoreof

thespeakingfluencytestforthehighergroupwas8.93,whereasitwas4.87for

thelowergroup.Thet-testusingSPSS12.0indicatedthatthemeandifference

betweenthetwogroupswassignificant(t(28)=15.744,p<.001).

AlloftheparticipantsbegantolearnEnglishasoneoftheelementaryschool

coursesattheageof9.Thisregularschoolcourselasted10yearsonaverage

throughoutthesecondaryschool.EventhoughEnglishwasintroducedasa

preschoolcoursetosomeparticipants,theeffectwasverymarginalbasedonthe

students'self-checkquestionnaire.Moreover,noneofthem hadlivedinan

1)Thethirtysubjectsinthisresearcharethesameasthosewhoparticipatedinthestudy

conductedbyHwang&Lee(2012).
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Englishspeakingcountrymorethansixmonths.Clearly,allthirtystudentsdid

notshowanyevidenceofspeechdisorderoracurrentrespiratoryinfection.

2.2. Speech Materials and Procedures

InordertoinvestigatetheproductionofEnglish/ɪ/&/ɛ/,/ɛ/&/æ/,and

/ʌ/&/ɔ/contrasts,sixminimalpairsforeachpair,allrealone-syllablewords,

wereselected inwhichonlythevowelsweredifferent.Thestimuliwere

excerptedfrom thebookPronunciationContrastsinEnglish(Nilsen& Nilsen,

1973).CarewastakentoselectbasicEnglishwordsthatwerelikelytobe

familiartoalloftheparticipants.Meanwhile,inordertoverifyanycorrelation

betweenparticipants'productionaccuracyandtheirfamiliaritywiththewords,

awordfamiliaritytestwasalsoconductedrightaftertheproductiontest.

Studentswereaskedtomarkfrom1to5scaleonthefamiliaritytestsheet;1is

theleastfamiliarand5isthemostfamiliar.Thetotalaveragescoreofall30

studentswas3.7,whichindicatesthatmostparticipantsassessedthatmostof

thetargetstimuliintheproductionwerequitefamiliartothem.Table1listsall

thirtysixstimuliusedintheexperiment.Theproducedvowelswereembedded

inaCVC word,wheretheprecedingandfollowingconsonants'placesof

articulation spread from bilabialto glottalsounds,and the mannersof

articulationalsorangedfrom stoptoliquidconsonants.

Table 1. The words used in the production experiment

/ɪ/ & /ɛ/ /ɛ/ & /æ/ /ʌ/ & /ɔ/

hid head

pick peck

big beg

him hem

pin pen

bit bet

said sad

peck pack

leg lag

hem ham

ten tan

pet pat

dub daub

sung song

tuck talk

flood flawed

sun sawn

cut caught

Inanactualproductionprocedure,inorderforsubjectsnottofigureout

whichtargetmaterialsaretested,alltheminimalpairswererandomlymixed.

Thestimuliintheproductiontestwereofferedwithawrittenform inwhich

eachtargetwordwasprintedwithinacarriersentence"Isay_____,again.
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Speechrecordingswereconductedone-on-oneinasound-attenuatedroom.

Beforerecording,eachparticipantwasgiven3minutestolookthrough36

stimuliintheproductiontestsheetinordertoproduceeachsentencesmoothly

withoutanyhesitation.Theparticipantsweregivensometimetopractice

severalsamplewordsbeforerecordingthetargetstimuli.Whensomeofthe

participantsaskedaboutlessfamiliarwords,briefexplanationsweregivenby

usingotherwordsincludingidenticalvowelsounds.Thus,therewasnodirect

demonstrationofthestimulithemselves.Wheninanactualrecording,the

participantswereaskedtoreadeachsentencetwiceatanormalspeed.Their

productionwasrecordedtoanote-bookcomputerusingAudacity2.0version

andamicrophone(INTEGRATEPRO-22Q).

2.3. Measurements and analysis

Firstofall,participants'soundfileswereconvertedtoMP3filesinorderto

beanalyzedusingPraat(versionv5.3.56)sincetheparticipants'productionwas

recordedbyusingAudacityprogram asmentionedabove.Inordertojudge

acousticvalues,thefirstand second formantfrequencies(inHz)ofeach

subject'sweremeasured from thevoweltokensin the2160 words(30

participantsx6targetvowelsx6wordsx2times).Theformantvalueswere

bothautomaticallycomputedbyaspectralanalysistoolandvisuallyverified

using waveform and spectrogram displays.Also,phonetically well-trained

researchersdouble-checkedformantvaluesbylisteningtoandcomparingthe

spectrogramsofallthetokens.Asdescribedearlier,thetargetvowelswere

producedindiversephoneticcontexts,sothetokenvowelswereexaminedat

theiracousticmidpointduringsteadystateinordertominimizetheeffectofthe

differingconsonantalcontexts.

Itissaidthatgender-relateddifferenceinvocaltractsizecanaffectthe

formantfrequenciesofvowels(Peterson&Barney,1952).Thus,acousticvalues

ofnativecriteriaarealsofrom femaleAmericanEnglishspeakersintheUS

taken from Hillenbrand etal.'sexperiment(1995).Thismightbe more

appropriatecomparisonbetweentwoexperimentalgroupsandtheexisting

standardgroup.

Withregardtoduration(inms.)measurements,farfewertokenswere
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measured fortwo reasons.First,recorded tokenswith nasalcodaswere

excludedsinceitishardtodemarcatetheborderbetweenthevowelandthe

coda.Second,tokenswith voicelesscodaswerenotincluded becauseall

comparativenativecriteriatokensendwithvoicedcodas,i.e."hid"for/ɪ/

phoneme,"head"for/ɛ/,"had"for/æ/,"hud"for/ʌ/and"hawed"for/ɔ/

wereused(Hillenbrandetal.,1995).Ithasbeenreportedthatthereisa

distinctivevowelduration differenceon thefollowing consonants'voicing

quality.Thus,720tokens(30participantsx6targetvowelsx2wordsx2times)

wereselectedandwaveformsandspectrogramsofthetokenswerecheckedin

thesamemannerasF1andF2values.Inordertoestimatedurationasaccurate

aspossible,normalconservativemethodwasused,thatis,voweldurationwas

measuredfrom thesecondpositivepeaktotheendofvowelformantwiththe

aidofpitchsignalsandformanttracking.

3. Results

F1andF2valuesofthreepairsofvowelcontrastproducedbythirtyKorean

subjectswillbedescribedrespectivelyandthenvoweldurationofthreepairsof

vowelswillbereported.Bothformantfrequencyvaluesandvoweldurationwill

becomparedtonativecriteriavalues,whichweretakenfromtheHillenbrandet

al.'experiment(1995).Table2showsnativecriteriavalues.

Table 2. Average values of F1, F2 and durations produced by 48 American female talkers. Formant 

frequencies are in Hz; duration measurements are in ms; standard deviation in parenthesis.

Voweltype /ɪ/ /ɛ/ /æ/ /ʌ/ /ɔ/

F1 483(34) 731(74) 669(69) 753(58) 781(75)

F2 2365(149) 2058(143) 2349(159) 1426(115) 1136(129)

Duration 237(53) 254(54) 332(50) 226(48) 353(48)

3.1. Formant Frequencies 

3.1.1./ɪ/&/ɛ/

ThemeanF1andF2measurementsofEnglish/ɪ/and/ɛ/2)producedby15
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higher-andlower-proficiencylevelstudentsarerepresentedontheF1-F2vowel

spaceinFigure1and2.ThegraphinFigure1showsF1andF2averagevalues

producedby15higher-proficiencylevelstudents.

Figure 1. Average values of /ɪ/ & /ɛ/ F1 and F2 produced by 15 higher-proficiency level subjects. "Al" 

= native talkers'/ɪ/, "Ae"= native talkers'/ɛ/, "l" = /ɪ/, "e" = /ɛ/ and "Ai"= native talkers'/i/.

AsshowninFigure1,higher-proficiencylevelstudentswereabletoproduce

/ɪ/&/ɛ/soundsdistinctively.Twoseparatecircleareasofproduction/ɪ/and

/ɛ/by15higher-proficiencytalkerswereplacedinthegraphwithaclear

contrast.Itisobviousthat15higher-proficiencysubjectswerenotconfused

whentheypronouncedEnglish/ɪ/and/ɛ/vowels.However,theirF1-F2

vowelspaceoftheproductionof/ɪ/waswelloverlappedwiththeF1-F2vowel

spaceofnative/i/criteriaratherthan/ɪ/.

Table 3. Average values of F1 and F2 measurement of English /ɪ/ produced by 15 higher-proficiency 

group (KH) and lower-proficiency group (KL). Average values of F1, F2 measurement of English 

/i/ and /ɪ/ by 48 American female talkers (AE) (Unit; Hz); standard deviation in parenthesis

/i/ /ɪ/

F1 F2 F1 F2

KH n.a. n.a. 426(39) 2598(142)

KL n.a. n.a. 442(49) 2697(141)

AE 437(41) 2761(149) 483(34) 2365(149)

2)Eachindividual'saveragemeanvalueswereshowninappendix(A)
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Specifically,asrepresentedinTable3,formantdifferencesbetweennatives'

/ɪ/andKoreanhigher-proficiency/ɪ/were57HzinF1and233HzinF2,

while11HzinF1and 163HzinF2betweennatives'/i/ and Korean

higher-proficiency/ɪ/.Thus,itseemsthattheproduction/ɪ/ byKorean

subjectsismuchsimilartoEnglish/i/ratherthanEnglish/ɪ/withaF1andF2

valueperspective.Inotherwords,Koreanhigher-proficiencyspeakersproduced

English/ɪ/withthetongueplacedinahigherandmorefrontalplace,whichis

closertoEnglish/i/.

Figure2alsorevealssimilarfindings.Lower-proficiencylevelstudentscould

produce/ɪ/&/ɛ/soundsdistinctively,too.However,their/ɪ/productions

were much more superimposed on natives' /i/ compared with

higher-proficiencylevelstudents.Inaddition,withlargercircleareaofF1-F2

vowelspaceof/ɛ/,theirproductionof/ɛ/wasfarmorewide-spreadingthan

higher-proficiencylevelstudents.

Figure 2. Average values of /ɪ/ & /ɛ/ F1 and F2 produced by 15 lower-proficiency level subjects. "Al" 

= native talkers' /ɪ/, "Ae"= native talkers'/ɛ/, "l" = /ɪ/, "e" = /ɛ/ and "Ai"= native talkers' /i/.

Insummary,bothhigher-andlower-proficiencygroupsdidnothaveany

difficultydifferentiatingthevowelcontrastbetween/ɪ/and/ɛ/,butboth

groupsdidnotproducethesound/ɪ/accurately.Theypronounced/ɪ/ina
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/ɛ/ /æ/

F1 F2 F1 F2

KH 735(45) 2126(76) 728(49) 2094(122)

KL 718(84) 2145(183) 766(56) 2061(145)

AE 731(74) 2058(143) 669(69) 2349(159)

morefrontalandhigherpositionthannativesdid.Inotherwords,Korean

speakerstendtoproduceEnglish/i/soundwhentheytrytopronounce

English/ɪ/sincetheacousticvaluesofF1andF2bybothhigher-and

lower-proficiencygroupsweremuchcloserto/i/ratherthan/ɪ/.

3.1.2./ɛ/&/æ/

ThemeanF1andF2measurementsofEnglish/ɛ/and/æ/3)producedby

15higher-andlower-proficiencylevellearnersarerepresentedontheF1-F2

vowelspaceinFigure3and4.

Figure 3. Average values of /ɛ/ & /æ/ F1 and F2 produced by 15 higher-proficiency level subjects. 

"Ae" = native talkers' /ɛ/, "Aae"= native talkers'/æ/,"e" = /ɛ/", and "ae"= /æ/. 

Table 4. Average values of F1 and F2 measurement of English /ɛ/ & /æ/ produced by 15 

higher-proficiency group (KH) and lower-proficiency group (KL) and by 48 American 

female talkers(AE) (Unit; Hz); standard deviation in parenthesis

3)Eachindividual'saveragemeanvalueswereshowninappendix(A)
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TheF1-F2vowelspaceoftheproductionof/ɛ/and/æ/wasoverlapped

unlikenativecriteria.Itindicatesthatbothhigher-andlower-proficiencylevel

subjectshadagreatdifficultydifferentiating/ɛ/and/æ/.

Figure 4. Average values of /ɛ/ & /æ/ F1 and F2 produced by 15 lower-proficiency level subjects. 

"Ae" = native talkers' /ɛ/, "Aae"= native talkers'/æ/,"e" = /ɛ/", and "ae"= /æ/.

Specifically,asrepresentedinTable4above,AE'sF2differencesbetween

/ɛ/and/æ/is291Hz,whileKH'swasonly32HzandKL'swas84Hz.Thus,

itseemsthatKoreansubjectscouldnotrecognizedifferentdegreesoffrontness

betweenEnglish/ɛ/and/æ/.Unfortunately,AE's/ɛ/and/æ/F1values

representingplaceofhighnesstakenfromHillenbrandetal.'sexperiment(1995)

aredifferentcomparedwithusuallyacceptedF1valuesamongphoneticians.

UnlikeHillenbrandetal.'sresults,ithasbeenreportedthat/ɛ/isusually

producedinahigherplacethan/æ/,sotheauthoravoidsmentioningdegrees

ofhighnessbetween/ɛ/and/æ/inthepresentstudy.4)

AthoughbothgroupsfailedtoproduceEnglish/ɛ/and/æ/distinctively,

thereisadifferencebetweentwolevelsofstudents.Asthegraphsrevealin

Figure3and4,lower-proficiencysubjects'/ɛ/and/æ/vowelspaceoccupied

largerarea.Theproductioncircleareaofthehigher-proficiencylevelstudents

4)InHillenbrandetal.'sexperiment,/ɛ/and/æ/F1valuesof45malesubjectsarenormal.

Here/ɛ/wasproducedinahigherpositionthan/æ/.
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wasrelativelysmaller.Itmeansthatlower-proficiencygroup'sproductionof

/ɛ/and/æ/wasmoredeviantthanthatofhigher-proficiencygroup'ssince

/ɛ/and/æ/productionspotsoflower-proficiencylevelsubjectsweremuch

morewide-spreading.Thisphenomenonisalsoproved from thestandard

deviationdigitsinTable4.

ItisnoticedthattheF1andF2valuesofthevowel/æ/bybothgroupsare

similartothoseofthevowel/ɛ/asshowninTable4.Thus,wecantellmost

participantshaddifficultydistinguishingthesetwoseparatevowels.Bothgroups

ofthesubjectsseemedtobeunawareofdifferentacousticpropertiesofthe

vowel/ɛ/and/æ/.Thevowelsystem ofKoreanusedtohavetwonon-high

frontvowels:amid-high/e/andamid-low frontvowel/ɛ/(Lee,2005).

Recently,thesetwovowelshavebeenmergedtooneintermediatevowelsound

andYang(1996)suggestedthatthisKoreanintermediatevowelsoundiscloser

toEnglish/ɛ/.ThedifficultyofdistinguishingEnglish/ɛ/and/æ/byKorean

talkersmaybecausedbythephoneticmergerofKorean/e/and/ɛ/because

KoreantalkerswereunabletofindadirectcounterpartofEnglish/æ/intheir

L1.Furtherdiscussionwillbefollowedinthenextsection.

Insum,intheproductionoftheEnglishvowel/ɛ/and/æ/bybothhigher-

andlower-proficiencygroups,theF1andF2valuesofthosetokensweretotally

superimposed.TheKoreansubjectshadagreatdifficultyproducingtheEnglish

vowel/ɛ/&/æ/distinctivelyalthoughtherewasalevelofdifferencebetween

twogroups.

3.1.3./ʌ/&/ɔ/

Unlikefrontvowelsof/ɪ/,/ɛ/and/æ/,/ʌ/isacentralvoweland/ɔ/is

abackvowelandtheverticalpositionofboth/ʌ/and/ɔ/arethesameasmid

vowels.ThemeanF1andF2measurementsofEnglish/ʌ/and/ɔ/5)produced

by15higher-andlower-proficiencylevellearnersarerepresentedontheF1-F2

vowelspaceinFigure5and6.Higher-proficiencylevelsubjectsasshownin

Figure5experiencedagreatdifficultypronouncing/ʌ/and/ɔ/distinctively.

TheirF1-F2vowelspacesof/ʌ/and/ɔ/seemedreallymixedeventhoughthe

circleissmallercomparedtothevowelspacecircleinFigure6.

5)Eachindividual'saveragemeanvalueswereshowninappendix(A)
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Figure 5. Average values of /ʌ/ & /ɔ/ F1 and F2 produced by 15 higher-proficiency level subjects. 

"Av" = native talkers' /ʌ/, "Ac"= native talkers'/ɔ/, "v" =/ʌ/, and "c"=/ɔ/. 

Figure6belowrevealsthatlower-proficiencylevelsubjectsalsohadagreat

difficultydistinguishingthetargetvowelsof/ʌ/&/ɔ/appropriately.Again,

theformantswereall'mingled'andalotoftokensintheF1-F2vowelcircle

seemed tobemoredeviated than higher-leveltalkersin Figure5.More

specifically,thestandarddeviationof/ɔ/formantsbylower-proficiencylevel

subjectsisalmostdoublecomaparedtothatofhigher-proficiencylevelsubjects.

Thisfactprovesthatlower-proficiencylevelsubjectsexperiencedmuchmore

difficultyproducing/ɔ/accurately.

Figure 6. Average values of /ʌ/ & /ɔ/ F1 and F2 produced by 15 lower-proficiency level subjects. "Av" 

= native talkers' /ʌ/, "Ac"= native talkers'/ɔ/, "v" =/ʌ/, and "c"=/ɔ/.
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Thereisadistinctivefrontnessdifferencebetween/ʌ/and/ɔ/since/ʌ/is

acentralvoweland/ɔ/isabackvowel.Thus,asrepresentedinTable5,F2

valuedifferencebetween/ʌ/and/ɔ/bynativespeakersisnotable290Hz.

However,Koreanhigherlevelgroup'sdifferencewas98Hzandlowerlevel

group'sonly25Hzrepresented inTable5.Morespecifically,18Korean

participantsproducedEnglish/ɔ/withF2valuesofaround1300Hz6).It

indicatesthatalotofKoreansubjectsdidnotrecognizecorrectdegreesof

frontnessinEnglish/ɔ/.

Table 5. Average values of F1 and F2 measurement of English /ʌ/ nd /ɔ/ produced by 15 

higher-proficiency group (KH) and lower-proficiency group (KL) and by 48 American 

female talkers(AE) (Unit; Hz); standard deviation in parenthesis

/ʌ/ /ɔ/

F1 F2 F1 F2

KH 763(37) 1400(82) 737(46) 1302(81)

KL 754(71) 1367(87) 730(72) 1342(116)

AE 753(58) 1426(115) 781(75) 1136(129)

Thus,theresultsclearlydemonstratethattheparticipantsofbothgroupshad

adifficultyproducing/ɔ/accurately.Koreanshaveamidcentralvowel/ə/in

theKoreanvowelsystem,whichissimilartoEnglish/ʌ/,butthereisan

acousticdifferencebetweenthem (SwanandSmith,2001).Also,Koreanmid

backvowel/o/isnotquitethesameastheEnglish/ɔ/vowel(Swanand

Smith,2001).ThedifferenceoftheKoreanvowelsof/ə/ and /o/ have

influencedtheproductionofEnglishvowel/ʌ/and/ɔ/byKoreansubjects.

Furtherdiscussionwillbeprovidedinthenextsection.

3.2. Vowel Durations

Althoughmostoftheresearchonvoweldurationsinvestigatesdifferences

betweentense-laxcontrasts,fiveEnglishvowelsof/ɪ/,/ɛ/,/æ/,/ʌ/and/ɔ/

examinedinthepresentstudyarealllaxvowels.Still,thecomparisonofthese

fivelaxvowelsbetweenL1andL2speakerswouldbemeaningfuleventhough

voweldurationsareverymuchsubjecttochangedependingonindividualsand

6)Eachindividual'saveragemeanvalueswereshowninappendix(A)
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speechrates.

Table 6. Average values of durations produced by 15 higher-proficiency level students (KH) and 48 

American female talkers (AE) (unit: ms)

　 /ɪ/ /ɛ/ /ɛ/ /æ/ /ʌ/ /ɔ/

KH1 176 220 185 187 190 217

KH2 146 193 213 275 227 236

KH3 223 238 280 268 240 249

KH4 196 230 222 241 235 261

KH5 137 273 236 205 253 263

KH6 130 171 179 139 178 206

KH7 164 265 226 242 248 434

KH8 193 231 252 247 267 294

KH9 249 224 248 239 235 238

KH10 211 263 292 276 227 260

KH11 151 185 219 231 198 206

KH12 140 171 226 213 205 250

KH13 215 286 298 303 294 307

KH14 211 234 331 268 244 330

KH15 187 222 234 241 215 216

AverageKH 182(36) 227(36) 243(42) 238(41) 230(30) 264(59)

AE 237(53) 254(54) 254(54) 332(50) 226(48) 353(48)

TheaveragevoweldurationsofEnglish/ɪ/-/ɛ/,/ɛ/-/æ/,and/ʌ/-/ɔ/

producedbyhigher-andlower-proficiencylevelstudentsarerepresentedin

Table6and7andaveragevaluesofdurationsproducedby48Americanfemale

talkersarealsoofferedinTable8.



An acoustic Analysis of English Vowels produced by Korean University Students∣ 83

Table 7. Average values of durations produced by 15 lower-proficiency level students (KL) and 48 

American female talkers (AE) (unit: ms)

　 /ɪ/ /ɛ/ /ɛ/ /æ/ /ʌ/ /ɔ/

KL1 236 267 266 284 288 307

KL2 158 222 193 195 288 213

KL3 180 208 260 227 219 246

KL4 201 199 244 250 223 269

KL5 193 213 223 226 202 203

KL6 164 216 211 201 204 218

KL7 169 196 216 198 194 221

KL8 153 187 215 168 200 263

KL9 199 198 234 211 224 228

KL10 155 171 172 169 173 222

KL11 228 288 262 298 286 268

KL12 190 239 208 229 233 279

KL13 132 201 180 185 212 196

KL14 177 225 229 227 220 271

KL15 152 178 198 215 200 256

AverageKL 179(29) 214(32) 220(29) 219(37) 224(36) 244(32)

AE 237(53) 254(54) 254(54) 332(50) 226(48) 353(48)

Asforthefirstpair/ɪ/and/ɛ/,nativespeakers'lengthdifferencebetween

/ɪ/and/ɛ/durationswasextremelysmall,whichwas17msbutKH'swas45

msand KL's35ms.The/ɪ/-/ɛ/ pair'slengthdifferencebetweennative

speakersandKoreansubjectswascausedbyrelativelyshorterproductionof/ɪ/

vowelby both higher-and lower-proficiency levelstudents.Theaverage

durationof/ɪ/vowelproducedbynativespeakerswas237mswhileKH'swas

182andKL's152ms.

Asfora/ɛ/and/æ/pair,nativespeakers'producedavowel/ɛ/more

shortlythan/æ/andthelengthdifferencebetween/ɛ/and/æ/durationswas

78ms,whichismorethan5timescomparedwiththedifferencebetween/ɪ/

and/ɛ/.Itindicatesthatnativespeakers'/æ/isproduceddistinctivelylonger

than/ɛ/.However,7speakersof15higherlevelgroupproducedavowel/æ/

moreshortlythan/ɛ/andtherestof8speakers'thelengthdifferencebetween
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/ɛ/and/æ/wasmuchsmallerthan78ms.Theresultofthelowerlevel

speakerswasexactlythesame.7speakersof15lowerlevelgroupproduceda

vowel/æ/moreshortlythan/ɛ/andtherestof8speakers'thelength

differencebetween/ɛ/and/æ/wasmuchsmallerthan78ms.Inotherwords,

mostoftheKorean subjectsproduced /æ/ farmoreshortlythan native

speakers.Namely,theaveragedurationofKH was238msandtheaverage

durationofKLwas219mswhiletheaveragedurationofAEwas332ms.

Asforthelastpair/ʌ/and/ɔ/,theaveragedurationofavowel/ɔ/

producedbynativespeakerswasdistinctivelylongerthanthevowel/ʌ/.

Actually,asrepresentedinTable9,thelengthdifferencebetweenthe/ʌ/and

/ɔ/contrastisthebiggest,whichis127msamongthreepairsof/ɪ/-/ɛ/,

/ɛ/-/æ/,and/ʌ/-/ɔ/.Itmeansnormallynativespeakersproduce/ɔ/longer

than/ʌ/.However,thelengthdifferenceofKoreantalkerswasverymarginal,

whichwas2msalthough28Koreantalkersexcept2lower-proficiencylevel

talkersdidproduce/ɔ/alittlebitlongerthan/ʌ/.Itmeansthatbothgroups

ofKoreantalkersdidnotrecognizethelengthdifferencebetween/ʌ/and/ɔ/.

Byandlarge,Koreanspeakersproduced/ɔ/muchshorterthannativespeakers.

Insum,generallybothhigherandlowerproficiencygroupshadsimilar

meandurationsof/ɪ/,/ɛ/and/ʌ/comparedtonativecriteria,butmean

durationsof/æ/and/ɔ/weremuchshorterthanthoseofthenativenorms.

Table 8. Length difference of /ɪ/-/ɛ/, /ɛ/-/æ/ and /ʌ/- /ɔ/ (unit: ms)

/ɪ/-/ɛ/ /ɛ/-/æ/ /ʌ/-/ɔ/

AE 17 94 127

KH 45 5 34

KL 35 1 20

4. Discussion

ThisresearchinvestigatedtheproductionofEnglish/ɪ/,/ɛ/,/æ/,/ʌ/,and

/ɔ/vowelsbythirtyKoreanfemaleuniversitystudentsintheEFLsettings

focusingonthethreesetsofvowelcontrasts/ɪ/vs./ɛ/,/ɛ/vs./æ/and/ʌ/

vs./ɔ/.Thesubjectsweredividedbytwodifferentgroupsaccordingtotheir

Englishproficiencylevel.Theexperimentemployedminimalpairsasstimuli
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consistingofauthenticbasicEnglishwords.Theaimsofthestudywasthe

impactofL1transferinL2production.Theresultsdemonstratedthatmost

subjects'L1didhaveaninfluenceontheproductionofEnglishvowelseven

thoughthereisadegreeofdifferencebetweentwogroups.

First,KoreansubjectsinthisexperimentarticulatedEnglishvowel/ɪ/with

thetongueplacedinahigherandmorefrontalplace,whichisclosertoEnglish

/i/.ThisphenomenonisattributedtotheinfluenceofL1sinceKoreanvowel

inventory hasonly onehigh frontvowelin Korean.Even though most

participantswereabletoproduceEnglish/ɪ/and/ɛ/distinctively,theycould

notrecognizeaccuratehighnessandfrontnessofEnglish/ɪ/,sotheyhadthe

tendencytopronounce/ɪ/mainlydependingonshortduration.Seemingly,

Koreansubjectswantedtosecurecorrectproductionof/ɪ/byon-purpose

shortened pronunciation of/ɪ/.Yun'sexperiment(2005)supported this

phenomenonsinceheassertedthatKoreansubjectsusedvoweldurationalcues

whentheyidentifiedthe/i-ɪ/continuum,whereastheyrelieduponspectral

cueswhenidentifying/ɛ/inthe/ɪ-ɛ/continuum.Insum,itseemsthatKorean

subjectswereawarethatthereisadurationaldifferenceinthevowel/ɪ/

comparedwith/i/sincetheiractualproductionofduration/ɪ/isevenshorter

thanthatofnativespeakers.Thus,itisobviousthatmostparticipantsdid

apprehenddistinctiveness/ɪ/and/ɛ/buttheydidnothavegoodknowledge

ofacoustic properties ofvowel/ɪ/.AsFlege,Bohn,and Jang (1997)

investigated,Koreanspeakersfailedtoperceiveameaningfulheightdifference

betweenEnglish/i/and/ɪ/duetotheirphoneticsimilaritybetweenKorean

/i/andEnglish/ɪ/,whichistheeffectofL1interferenceinL2production.

Thisisthereasonthatmostparticipantsproduced/ɪ/inappropriatelyeven

thoughtheysucceededindifferentiating/ɪ/and/ɛ/.

Forthesecondpair/ɛ/and/æ/,anotherL1soundtransferwaswitnessed

duetofailureofdistinctiveproductionof/ɛ/and/æ/bymostKorean

speakersintheexperiment.Theresultclearlyrevealedthatbothhigher-and

lower-proficiencylevelsubjectshadagreatdifficultydifferentiating/ɛ/and

/æ/.Morespecifically,theexperimentshowedthattheF1-F2vowelspaceofthe

productionof/ɛ/ and /æ/ wasextensivelysuperimposed and durational

differencebetween/ɛ/and/æ/wasalmostundetectable.The currentKorean

vowelsystem nolongerhastwonon-high frontvowelssincerecentlya
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mid-highfrontKoreanvowel/e/andamid-lowfrontKoreanvowel/ɛ/have

beenneutralized.ThemergerofthesetwodifferentmidfrontvowelsinKorean

mightleadtounstableestablishmentofEnglish/ɛ/and/æ/.Namely,the

absenceofvowelcategory/æ/inKoreanphonemicinventorymightbethe

reasonthatKoreanspeakersfailedtoproduce/ɛ/and/æ/distinctivelysince

theformantvaluesanddurationmeasurementsof/ɛ/and/æ/seemedseverely

confusing among both levelsofKorean speakers.AsFlege(1995,2009)

postulated,fine-phoneticfeaturesofL2soundsarehardtobeattainedinL2

learners'phoneticcategorybecausetheirL1soundsystemtendstofilterout

thesephoneticdetails.Forexample,almostallofKoreanparticipantswere

notawareofdurationaldifferencebetween/ɛ/and/æ/,somanyofthem

produced/ɛ/longerthan/æ/unlikenativecriteria.Insum,themergerof

KoreanmidfrontvowelswasattributedtoconfusedarticulationofEnglish/ɛ/

and/æ/byKoreanlearnersofEnglish.

Thefinalsetof/ʌ/and/ɔ/wasanotherproblematicpairinthepresent

studyaccordingtoformantanddurationmeasurementsbythesubjects.Most

participantsdidnotrecognizeadistinctivefrontnessdifferencebetween/ʌ/and

/ɔ/andtheyalsodidnotidentifyaperceptibledurationdifferencebetween/ʌ/

and /ɔ/.Morespecific,lower-proficiencylevelstudents'productionswere

severelymixedupsincetheirformantvaluesof/ʌ/wereverysimilartothose

formantvaluesof/ɔ/.Insum,mostparticipantsdidnotperceivetheproper

articulatorygesturesof/ʌ/and/ɔ/distinctively.AccordingtoSwanandSmith

(2001),KoreanlearnersofEnglishrelieduponKorean/o/inordertoacquire

English/ɔ/.However,thisone-to-onesubstitutionmisledinaccurateproduction

ofEnglish/ɔ/.Koreanshaveamidcentralvowel/ə/andamidbackvowel

/o/intheKoreanvowelsystemandthesetwomidvowelsareclearlydistinctive

tonativespeakersofKorean.Theproblemseemstoarisewhentheydifferentiate

English/ʌ/and/ɔ/byusingthesamephoneticstrategyofdistinguishing

Korean/ə/and/o/.Koreanlearnersdidnotcontemplateotherarticulatory

propertylikedurationalcueswhentheyproduceEnglish/ʌ/and/ɔ/.Again,L1

soundsystemfilteredoutL2phoneticfeatures.Itisobviousthattheproduction

resultof/ʌ/and/ɔ/revealedtheeffectofL1soundtransferinL2production.

Importantly,theresultsofthepresentstudyarousepedagogicalimplications

underthesituationthatmostofthestimuliwerefrequentlyutteredbasicwords.
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Inotherwords,inaccuratevowelproductionsofthebasicwordscanleadto

communicationdifficultyalthoughsegmentallevelaccuracyhasbeenassumed

tobelessseriousthanprosodiclevelaccuracyincommunication(Celce-Murcia,

Brinton,& Goodwin,2010).In orderto improveKorean learners'vowel

productionaccuracy,detaileddescriptionaboutacousticfeaturesofEnglish

vowelswouldbeadvisedduringEnglishclass.Forexample,ifKoreanlearners

areintroduceddifferentdegreesofhighness/frontnessand/orliproundingand

durationofEnglishvowelsandtheyrecognizesubtledifferencesbetweenL1

and L2corresponding vowels,Korean speakers'betterproduction can be

expected.Presumably,Koreanspeakerswilltrytopronouncetargetvowels

moreaccuratelywithacousticawarenessbecausetheynolongerrelyupon

unclearone-to-onemappingofeachcounterpartbetweenL1andL2.

Therearesomelimitationsinthepresentstudyinthatonly3pairsof

Englishvowelswereinvestigatedand30femalerecruitedsubjectsmaynotbe

consideredasrepresentativesofKoreanEFLlearners.However,thepresent

studyrevealed thatuniversity-levelKoreanEFL speakershad difficultyin

accuratelyproducingEnglishvowelsanddifferentiatingvowelcontrastsevenfor

basicEnglishwords.Hopefully,inthefuture,furthercomprehensiveresearchon

allEnglishvowelsandvowelcontrastsproducedbyKoreanEFLlearnerswould

befollowedtoenhancetheeffectivenessofthisstudy.
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AppendixA

/ɪ/　 /ɛ/　 /ɛ/　 /æ/ /ʌ/ 　 /ɔ/

　 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2

H1 494 2526 742 2096 750 2038 760 2052 806 1437 833 1381

H2 471 2614 728 1993 730 2047 729 2082 792 1430 739 1303

H3 411 2749 687 2309 711 2268 745 2188 791 1434 754 1345

H4 429 2384 686 1960 693 2076 733 1813 724 1223 697 1212

H5 402 2774 816 2167 819 2080 763 2092 788 1435 773 1502

H6 429 2530 713 2154 725 2175 685 2180 759 1304 728 1271

H7 445 2522 734 2211 735 2239 696 2147 689 1334 657 1290

H8 381 2604 655 2120 663 2113 710 1942 746 1461 758 1349

H9 442 2531 721 2188 702 2147 668 2222 723 1422 720 1325

H10 338 2548 700 2046 672 2091 662 2039 749 1477 717 1310

H11 407 2433 801 1974 766 2054 718 1949 756 1536 656 1363

H12 425 2536 835 2124 811 2106 854 2122 780 1289 727 1178

H13 462 2769 764 2259 771 2218 769 2149 838 1367 749 1236

H14 393 2910 751 2178 716 2188 680 2293 750 1445 762 1240

H15 461 2536 773 2057 760 2045 746 2134 755 1411 780 1229

L1 487 2676 758 2105 762 2012 778 2049 739 1415 724 1318

L2 453 2721 772 2100 771 2123 746 2041 773 1366 754 1367

L3 453 2641 681 1895 745 1892 735 1880 733 1439 709 1480

L4 354 2416 780 2060 715 2087 781 1972 776 1447 726 1396

L5 444 2617 707 2015 722 2161 721 2030 649 1430 656 1484

L6 488 2567 704 2009 671 2057 737 2056 719 1547 758 1476

L7 429 2570 707 2047 702 2051 732 2027 664 1224 572 1159

L8 470 2823 772 2005 809 2227 896 1910 865 1383 759 1456

L9 413 2674 728 2093 718 2100 753 1928 751 1419 774 1425

L10 368 2679 539 2006 539 1908 758 1904 646 1251 636 1163

L11 555 2706 835 2185 841 2068 840 2073 849 1344 828 1370

L12 459 2941 790 2218 784 2270 838 2204 836 1377 815 1329

L13 406 2975 749 2547 689 2628 759 2389 829 1296 827 1287

L14 435 2743 769 2273 764 2297 748 2244 777 1297 721 1189

L15 421 2708 595 2355 547 2295 666 2211 702 1277 689 1225
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